INFORMATION TO USERS

The most advanced technology has been used to photo-
graph and reproduce this manuscript from the microfilm
master. UMI films the text directly from the original or
copy submitted. Thus, some thesis and dissertation copies
are in typewriter face, while others may be from any type
of computer printer.

The quality of this reproduction is dependent upon the
quality of the copy submitted. Broken or indistinct print,
colored or poor quality illustrations and photographs,
print bleedthrough, substandard margins, and improper
alignment can adversely affect reproduction.

In the unlikely event that the author did not send UMI a
complete manuscript and there are missing pages, these
will be noted. Also, if unauthorized copyright material
had to be removed, a note will indicate the deletion.

Oversize materials (e.g., maps, drawings, charts) are re-
produced by sectioning the original, beginning at the

upper left-hand corner and continuing from left to right in
equal sections with small overlaps. Each original is also
photographed in one exposure and is included in reduced
form at the back of the book. These are also available as
one exposure on a standard 35mm slide or as a 17" x 23"
black and white photographic print for an additional
charge.

Photographs included in the original manuscript have
been reproduced xerographically in this copy. Higher
quality 6" x 9” black and white photographic prints are
available for any photographs or illustrations appearing
in this copy for an additional charge. Contact UMI directly
to order.

University Microfilms International
A Bell & Howell Information Company

300 North Zeeb Road, Ann Arbor, M| 48106-1346 USA
313/761-4700 800/521-0600






Order Number 1338060

Feasibility of a helicopter commuter service

Shropshire, David Richard, M.S.
The University of Arizona, 1989

U-M-I

300 N. Zecb Rd.
Ann Arbor, MI 48106






FEASIBILITY OF A
HELICOPTER COMMUTER SERVICE

by

David Richard Shropshire

A Thesis Submitted to the Faculty of the
DEPARTMENT OF CIVIL ENGINEERING

In Partial Fulfiliment of the Requirements
For the Degree of

MASTER OF SCIENCE
In the Graduate College
THE UNIVERSITY OF ARIZONA

19829



STATEMENT BY AUTHOR

This thesis has baen submitted in partial
fulfillment of requirements for an advanced degree at The
University of Arizona and is deposited in the University
Library to be made available to borrowers under rules of

the Library.

Brief quotations from this thesis are allowable
without special permission, provided that accurate
acknowledgment of source is made. Requests for permissiaon
for extended quotation from or reproduction of this
manuscript in whole or in part may be granted by the head
of the major department of the Dean of the Graduate College
when in his or her judgment the proposed use of the
material is in the interests of scholarship. In all other
instances, however, permission must be obtained from the

author.
SIGNED: (//;;49/%?;%}

APPROVAL BY THESIS DIRECTOR

This thesis has been approved on the date shown below:

d,é%}zzﬂ ' o 12/ ujes

. H. WORTMAN ¢ Date
Professor of Civil Engineering




TABLE OF CONTENTS

LIST OF TABLES . . . . . . .
ABSTRACT . . . . . . « . . .
INTRODUCTION . . . + + o « o o o o v v o

Study Objectives . . . . .+ « « « + .
Limitations in Scope . . . . . .+ . .

LITERATURE REVIEW . . . . . . . « « « . .

Demand Estimation Techniques . . . .
Judgmental Methods . . . . . . .
Trend Analysis . . . & & « & «
Econometric Modeling . . . . . .
Behavioral Modeling . . . . . .

Break-Even Analysis . . e e e

Applications of New Mode Demand Estimation

Procedures . . .

.

Study #1 -~ Phoenix-Tucson Rail §e§v5cé

Study #2 - Trans-Atlantic Concorde

Service

Study #3 - Michigan High-Speed Rail.

Service

Summary of the Strengths.aﬁd weaknesses of

the Demand Estimation Procedures

STUDY METHODOLOGY AND DATA COLLECTION . .

Selection of a Demand Evaluation Technique

.

Study Methodology for Feasibility Analysis

Application of Break-Even Analysis
Data Collection . . . . . ¢« + ¢ « .+ .

ANALYSIS OF HELICOPTER COMMUTER SERVICES
AND EXISTING CORRIDOR TRAVEL MODES . . .

Helicopter Travel Times . . . .
Operating Costs of Helicopter Serv1ces
Break-Even Analysis to Determine
Helicopter Travel Costs . . .
Existing Mode Travel Character1st1cs

42
43



TABLE OF CONTENTS - Continued

STUDY RESULTS
Travel Times and Break-Even Fares
Comparison of Helicopter Service
with QOther Modes in the Corridor
CONCLUSIONS
RECOMMENDATIONS FOR FUTURE STUDY

LIST OF REFERENCES

Page
57
57
58
62
66
68



11.
12.

LIST OF TABLES

Strengths and Weaknesses of the Demand
Estimation Procedures . . . . . « « .+« .+

Helicopter Commuter Services . . . « ¢ « .« .
Manufacturers and Recommended Helicopters ., .
Helicopter Data . + ¢« v v ¢ v & ¢ « & « o+ o &
Travel Time Components by Helicopter Type
Operating Cost Estimate for the Bell 206L
Operating Cost Estimate for the Bell 212 .
Operating Cost Estimate for the Sikorsky 61N
Helicopter Service Break-Even Fares . . . .

Travel Characteristics of the Phoenix-Tucson
Corridor . & & & v 4o v v o & o o 4 2 e e e .

Commercial Air Service Travel Time Components

Cost/Benefit Comparison . . . . « « + o«

Page

32

39
44

49
52

54
56
. 61



ABSTRACT

The feasibility of intercity helicopter service
has been demonstrated at several locations in North
America. fo study the feasibility of a helicopter service
in the Phoenix-Tucson corridor, the travel time and cost
characteristics of a proposed helicopter service were com-
pared to the characteristics of existing travel modes in
the corridor. Helicopter service travel times were deve-
loped using current helicopter performance data and an
assumption that heliports would be located in the central
business districts of each city. Helicopter service
travel cost (fare) was developed using a break-even analy-
sis relating operating cost to demand revenue.

From the comparative analysis, significant travel
time savings would result with a helicopter service if
demand exists between the heliport locations and heliport
access times are negligible. However, any travel time
savings were offset by significant higher travel costs for
the helicopter service when compared with the travel costs

of existing modes.



CHAPTER 1
INTRODUCTION

Among the important public works functions,
transportation planning has the unique potential for pro-
viding substantial improvement in the living conditions of
a vast number of the general populace. Transportation
planning must consider problems of the city, of statewide
travel, and of national access., It must concern itself
with numerous means of travel including the automobile,
buses, rail transportation, water transportation and a
variety of air services.

One of the problems in transportation planning is
the determination of the most effective service for short
haul intercity travel. For the purposes of this study,
short haul intercity travel is limited to 500 miles or less
as suggested by Kanafani and Fan (1974). In general, as
the distance between cities decreases, the number of
possible travel modes and route alternatives increases.

At present, the automobile dominates the short haul
intercity travel market. Breuer (1982) states that the
automobile accounts for almost 86 percent of all personal

intercity and rural travel. An extensive highway system



plus the relatively low cost of operation has given the
automobile significant advantages over other modes.
Commercial air service does represent a form of
high-speed travel that can greatly reduce travel time for
many short haul intercity trips when compared to the auto-
mobile. Airport location and terminal time, however, can
significantly increase the door-to-door travel times in
cases where typical commercial air services are utilized
for intercity travel. As a result, for short haul inter-
city trips of distances less than 150 miles (commuter ser-
vice runs}), there may be little, if any, time savings when
comparing commercial air service to automobile travel.
Intercity helicopter service is a potential alter-
native mode of transportation for the short haul intercity
market and, in particular, for commuter service runs. An
intercity helicopter service can offer relatively high
speed travel and the ability to locate terminals at strate-
gic points within city and suburban centers to minimize
overall door-to-door travel times. In a workshop con-
cerning air transportation, Schriever and Seifert (1968)
noted that interurban helicopter services could potentially
operate between large cities less than 250 miles apart.
The air transportation experts involved in the workshop
believed that future helicopter services operating at a

range of 10 to 250 miles would have a decided door-to-door



trip time advantage over conventional air services and

automobile travel, 1In 1975, Aviation Week reported that

the demand for short haul helicopter operations was
increasing and that technology advances in helicopter
design must be made to satisfy intercity travel demand.

The Phoenix-Tucson corridor provides an appropriate
setting for the assessment of an intercity helicopter ser-
vice. Between the central business districts, the corridor
is approximately 116 miles (driving distance) in length and
can be classified as a commuter service run. In addition,
the Arizona Department of Transportation (ADOT) in a study
of intercity rail service (1980) indicated that the automo-
bile presently dominates corridor travel accounting for
approximately 97 percent of the total intercity travel be-
tween Phoenix and Tucson. Another factor associated with
the use of the Phoenix-Tucson corridor for intercity heli-
copter service is the distance between the central business
districts and the airports. The locations of the Phoenix
and Tucson airports result in no time savings for many
intercity commercial air trips when compared to automobile
travel.

The assessment of an intercity helicopter service
in the Phoenix-Tucson corridor provides a planning tool for
both the state and the individual cities. If a helicopter

service does prove to be feasible in comparison to other
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modes, planning should begin to accommodate helicopter ser-
vices within the intercity transportation system. This
would require setting aside areas that are suitable for
heliports and insuring that development plans take such
facilities into account. In addition, funding that would
otherwise be targeted for other intercity mode improvements
or facilities could be reapportioned appropriately to sup-

port and enhance an intercity helicopter service.

Study 0Objectives

The goal of this study was to determine the feasi-
bility of a Phoenix-Tucson helicopter commuter service to
provide a basis for future planning and policy development
concerning corridor travel. In order to accomplish this
goal, the specific objectives of the study were:

1. To examine methodologies available for the
assessment of potential intercity helicopter ser-
vices and to select an appropriate methodology for
the specific corridor under study.

2. To define present capacities and characteristics of
helicopters that can be used in an intercity com-
muter service.

3. To compare the potential helicopter service charac-
teristics and operating costs to other modes within
the corridor to determine helicopter service feas-

ibility.
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Limitations in Scope

For the purpose of this study, the following 1imi-
in scope should be recognized:

The evaluation of a helicopter service was based on
the existing corridor conditions and helicopter
technologies. In comparing helicopter services to
other intercity travel modes, only present
operating conditions of the other modes and heli-
copter service operating conditions that could be
realized today were considered. Future intercity
travel demands and helicopter technologies were not
forecasted or applied in this study.

In order to evaluate the feasibility of intercity
helicopter services for the Phoenix-Tucson corri-
dor, the locations of heliports from which the ser-
vices would operate were limited to the central
business district of both cities. Although heli-
port Tocations outside the central business
districts may have merit for future study, no other
heliport locations were considered in the study.

In addition, the heliports were assumed to be in
place requiring no capital costs from the heli-
copter service operator.

The helicopter services developed in this study

were compared to the other modes of travel in the
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Phoenix-Tucson corridor. These include the automo-
bile, bus service, rail service and commercial air

service, No other potential modes of travel were

evaluated.
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CHAPTER 2
LITERATURE REVI1EW

The review of the literature was centered on meth-
odologies that can be used to evaluate intercity helicopter
service feasibility. When possible, it is desirable to
evaluate the feasibility of a transportation mode through
the determination of the potential demand for that mode.
Supply cost and demand revenues can then be directly com-
pared for a given fare structure. As a result, a large
portion of this literature review was devoted to demand
prediction techniques for intercity travel modes. The sub-
sequent sections discuss the break-even technique of com-
paring supply cost and demand revenues for a given fare
structure, applications of new mode demand estimation pro-
cedures, and a summary of the strengths and weaknesses of

the techniques reviewed,

Demand Estimation Techniques

Demand estimation procedures for the introduction
of new intercity travel modes were categorized by Ashford
and Wright (1979) as either conventional or analytical.

Conventional demand prediction techniques include the
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judgmental method and trend analysis. Analytical procedures
include econometric moedeling and behavior modeling. Each
of these intercity mode demand estimation procedures is

described in the following discussion.

Judgmental Methods

When applying judgmental methods, Wiley (1981)
stated that the analyst makes an educated guess of the
travel demand expected based on past experience and
intuition. Factors that would influence the demand must be
accounted for by the analyst in making the estimation.
Judgmental techniques are most useful in an uncomplicated
situation where the intercity data sample is small or
nonexistent. It is a low cost and easy to use method that
can be used in short- and long-term forecasting. General-
ly, this method is applied in the short-term situation but
can provide a framework for long-term decisions.

Demand prediction by judgmental procedures can be
done by an individual or by a group of forecasters, A
refined procedure for group application is the Delphi
Technique (Helmer 1964). The Delphi Technique allows a
group of forecasters to make demand estimations and then to
receive feedback information on the estimations made by the
entire group. After considering the feedback information,
the forecasters make new demand estimations, The iterative

process is continued until a consensus has been reached.
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In general, Ashford and Wright (1979) state that the group
approach to judgmental demand estimation is more suitable
to aggregate forecasts at the regional or national levels

than to disaggregate estimates at the site specific level,

Trend Analysis

Ashford and Wright (1979}, in their discussion of
air travel demand, indicated that trend analysis involves
the assumption that travel demand can be estimated based on
past patterns or trends in growth. Trend analysis is
usually the simple extrapolation of past growth figures for
a particular mode in an intercity travel market. Although
this technique is reasonably reliable in short-term demand
prediction, Wiley (1981) suggested that, for long-term pre-
diction, trend analysis should only be applied where 1ittle
is known about the cause for growth. Detailed long-term
prediction by use of trend analysis was not recommended by
either Ashford and Wright (1979) or Wiley (1981).

In applying trend analysis to new intercity mode
demand estimation, there are no past trends in demand
growth for the particular intercity market from which
demand estimates can be extrapolated. As a result, the
estimation of demand for a new intercity mode through the
use of trend analysis is accomplished by using trends from
other city pairs, if available, or national trends for the

mode in question.
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Econometric Modeling

Econometric models have been used to estimate
travel demand between city pairs by considering the charac-
teristics that make up a level-of-service specification for
each available mode and by considering the socioceconomic
parameters of each city. Wiley (1981) suggested that an
econometric demand model basically shows the relationship
between demand and a number of predictor variables. Common
predictor variables are travel time, travel cost, departure
frequency and factors of socioeconomic concern such as
population and income Tevel.

The econometric method is complicated and can only
be used when an extensive intercity travel data base exists
or is generated. Generally, regression analysis is per-
formed to calibrate an econometric model based on data from
multiple city pairs or historical travel data from the city
pair being studied. When a econometric model is calibrated
properly, Wiley (1981) states that the demand estimations
output by the model are reasonably accurate in both short-
and long-term analysis.

For application to the introduction of a new inter-
city transportation mode, a special econometric model
called the Abstract Mode Model was developed by Quandt and
Baumol (1966). The model is adapted from generalized grav-

ity models for which travel demand is proportional to a
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form of city pair demand variables and transportation
supply variables. A form of the original Abstract Mode

Model is presented in Equation 1.

Tiak " exO(Pin)xl(vivj)xz(cijb)x3(nijb)X5
G) " Ga) " ) " o
where Tijk = volume of travel demand between cities i and
j on mode k
Pi’ Pj = populations at i and j
Yi’ Yj = per capita income at i and j
Cijk = total travel cost between i and j by mode k
Hijk = travel time between i1 and j by mode k
Dijk = dajly departure frequency between i and j by
mode k
Cijb = best (least) travel cost between i and j
Hijb = best (fastest) travel time oetween i and j
Dijb = best (highest) departure frequency between i
and j
Xn = regression parameters

To apply the Abstract Mode Model to a new transpor-
tation service, a set of characteristics for the service
must be specified., That is, for Equation 1, the service

characteristics of travel cost, travel time and departure
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frequency must be determined for the new service. These
new service characteristics are applied to the calibrated
model along with the necessary city pair data and the data
for the "best" intercity mode in terms of travel cost, time
and frequency. From these inputs, the demand for the new

mode is estimated by the model.

Behavioral Modeling

Recent trends have been towards the use of be-
havioral modeling in intercity mode demand evaluation.
Behavioral models differ from the econometric models in
that they specifically determine the probabilities of
choosing each possible mode in a travel decision. For
behavioral modeling, the probability of choosing a par-
ticular mode is based solely on the attributes of each
alternative. Stopher and Meyberg (1975) indicated that
behavioral models assume an individual makes a choice in
trip making to a specific destination, by a specific mode
and route, by considering the characteristics of each
choice and scaling the effectiveness of each alternative
for the particular trip purpose. Factors in mode choice
include travel time, travel cost, convenience, comfort and
safety.

A general form of a behavioral model, taken from

Ashford and Wright (1979) is shown in Equation 2.
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ijk

= n Eq. 2

volume of travel demand between cities i and

where Tijk

J on mode Kk

Tij = total trips by all modes from i to j
Cijk = generalized cost of travel from i to j by
mode k
n = number of available modes
X = calibration constant

The generalized costs used in Equation 2 were
described by Ashford and Wright (1979) as the total of
direct and indirect costs incurred in trave1ing,.theoreti-
cally reflecting all factors affecting travel. 1In prac-
tice, direct travel cost and the cost of travel time are
considered to make up the generalized cost of a mode.

The behavioral models are similar to econometric
models in that the quality of data used to calibrate the
model will determine the accuracy of the results of model
application. However, with specified new mode attributes,
a calibrated behavioral model can be effective in esti-
mating demand for a new intercity in both short- and long-

term analysis.
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Break-Even Analysis

An alternative to determining the potential demand
of a new service is the direct use of a break-even analysis
which involves the determination of required travel demand.
A break-even analysis can compare the demand revenue to
supply cost for a given fare structure of a new service.
When the cost of providing a particular service is known
and the fare structure is given or assumed, the minimum
demand necessary to break-even financially can be esti-
mated. The break-even method can also be used to estimate
minimum fare level and for a specified service if the
potential demand has been estimated.

Tucker (1980) described a break-even analysis in
terms of the break-even point. The break-even point is the
amount and type of sales where contributions from the sales
dollar just equal and pay for the fixed expenses. In other
words, the break-even point is the point of zero profit.
The relationship for the break-even point as defined by

Tucker (1985) is shown in Equation 3.

- _E
BEP = o Eq. 3
where BEP = the break-even point (in units)
E = expenses {in §)

COo contributions (in $/unit)
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In practical terms, the estimation of break-even
demand involves develogping a relationship where revenue
equals cost. For a new service eva]uafion, revenue would
be generated by a number of passengers (demand) paying a
specified fare (% per passenger). When the revenue equals
cost for operating the service, the break-even demand can
be determined.,

The break-even analysis is relatively easy to use
and requires only a moderate amount of data. However,
Riggs (1977) warned that break-even analysis often tends to
oversimplify the decision environment. As such, the
results of a break-even analysis are often good only for

aross evaluations and for presentation purposes.

Applications of New Mode Demand Estimation Procedures

In order to illustrate the use of new intercity
mode assessment techniques, three studies were selected for
review. While the studies do not involve new intercity
helicopter services, they do reflect the results of other
applications of the evaluation of potential new intercity

modes .

Study #1 - Phoenix-Tucson Rail Service
Early in 1980, the Arizona Department of
Transportation (ADOT) planners studied the introduction of

state assisted passenger rail service between Phoenix and
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Tucson (March 1980). One of the objectives of the study
was to establish potential rail demand. The ADOT planners
used a combination of trend analysis and judgment to deter-
mine a potential rail service demand.

ADOT did not use rail passenger demand trends from
the Phoenix-Tucson corridor because that information was
unavailable. Instead, demonstrated trends of intercity
rail mode split from other city pairs, such as San
Diego-Los Angeles, Portland-Eugene/Springfield and St.
Louis-Kansas City, were used. From these city pairs, the
rail percentages of total intercity travel were found to
range from less than one percent to a maximum of three per-
cent. Using this trend information, ADOT made a judgment
that a one and one half percent rail split of total inter-

city travel was a reasonable estimate.

Study #2 - Trans-Atlantic Concorde Service

A study using an econometric model for the intro-
duction of a new mode was an attempt by Crow and Longeot
(1972) to predict the potential demand for the Concorde on
a trans-Atlantic route. Although this study was not con-
cerned with short-haul intercity travel, it still was a
very practical illustration of the use of econometric

demand modeling for new intercity modes.
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Crow and Longeot (1972) developed a variant of the

Abstract Mode Model to estimate Concorde demand. The model
used is shown in Equation 4.

X X X X
T = 4 saexo(ﬂ)xl (Hg? Z(C—C> B(EE) 4(D_C> °
c C CS He DS Eq. 4

g

where T volume of travel demand

C = total travel cost

H = best (fastest) travel time

D = best (highest) departure frequency

C = a subscript denoting Concorde

s = a subscript denoting subsonic jets (747's)
g = a subscript denoting "general®" impedance

X = regression parameters

SEV = the unweighted geometric mean of gross domestic

product of the two countries on the route

The "general" impedance factor was introduced into
Equation 4 to reflect the idea that the total demand for
all modes increases as the characteristics of one mode
(travel time, fare or departure frequency) are improved,
The "general" impedance terms were deve]oped through the
use of geometric means weighted by departure frequencies as

shown in Equation 5.
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Kg =T1]' Ki  (F, /)kij) Eq. 5

where Kg = the "general" impedance variable (Cg and Hg in
Equation 4)
F, = the departure frequency for mode k

i = mode in question

Crow and Longeot (1972) calibrated their econo-
metric model using historical air traffic data that related
to the trans-~Atlantic route under study. The data
collected for calibration included the travel times, fares
and departure frequencies of various kinds of aircraft
operating on the route between 1953 and 1969.

For the Concorde demand estimations, specific trav-
el times, costs and departure frequencies were needed for
both the Concorde and the Boeing 747. Also, the gross
domestic product of the countries on the route were drawn
from official forecasts of the national economies. These
data were applied to the calibrated model to produce the

potential Concorde demand on the trans-Atlantic route.

Study #3 - Michigan High-Speed Rail Service

A behavioral modeling procedure was used in a
Michigan Department of Transportation (MDOT) study (1981)
to evaluate the potential demand for high speed rail ser-

vices with more than one departure per day. The MDOT study
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applied the procedure to three specific intercity corri-
dors: Grand Rapids - Lansing - Detroi?, Bay City - Saginaw
- Detroit, and Chicago - Detroit. The Chicago - Detroit
corridor involved improved rail services while the two
other corridors involved the introduction of a new high-
speed rail service.

The MDOT study used a form of the behavioral model

as shown in Equation 6.

P = 1 Eq. 6
1 + e xgcd

where Pr = the probability of choosing rail
gey = the generalized cost difference function
X = calibration parameter

The probability functions were calibrated using 1979
origin-destination data for Michigan.
Generalized cost was defined by MDOT as user util-

ity and is stated in Equation 7.

gey, = X; + X, T+ X3Cp t XqF Eqg. 7
where 9Ck = the generalized cost for mode k
T C F, = travel time, cost and frequency for mode kK,
respectively

X = calibration parameters

Instead of using data on existing travel behavior in the
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study corridors to calibrate the choice (generalized cost)
function, the MDOT planners used a trade-off analysis to
evaluate the relative importance which individuals place on
thie three attributes (travel time, cost and frequency)
involved in the model. Individuals involved in the trade-
off analysis were asked to rank order their preference for
combinations of attributes. The generalized cost functions
were then calibrated based upon the mean response of the

rankings.

Summary of the Strengths and Weaknesses
of the Demand Estimation Procedures

From the review of the demand estimation techniques
and break-even analysis, and the studies involving their
application, the strengths and weaknesses of these proce-
dures can be summarized as shown in Table 1. The strengths
and weaknesses of the demand estimation procedures were
summarized based on their application to the evaluation of
new mode feasibility in intercity travel. O0f particular
concern were the data needs, procedure simplicity, and
effectiveness in short- and long-term analysis.

Generally, break-even analysis, the judgmental
method, and trend analysis require less data and produce
more subjective results than econometric and behavioral
modeling. Break-even analysis is very easy to use

requiring revenue parameters and cost data. However,



TABLE 1 - STRENGTHS AND WEAKNESSES OF THE DEMAND ESTIMATION PROCEDURES

DEMAND ESTIMATION
TECHNIQUE

Judgmental Method

Trend Analysis

Econometric Modeling

Behavioral Modeling

Break Even Analysis

STRENGTHS

-limited data reguirements
-low cost

—-ease of application for
long~term prediction

-minimal data sample required

~fairly accurate in short-
and long-term analysis

-specific model available
for new mode analysis

-effective in short- and
long-term analysis

-with specific new mode data,
new mode analysis possible

-moderate data base necessary

-straightforward procedure

WEAKNESSES

-subjective evaluation

-application limited

-limited application for new
modes

-application for long-term
prediction limited

-complicated procedure

-extensive data base necessary

-complicated procedure

-results often good only for
gross evaluation and presenta-
tion purposes

-determines required demand not
potential demand

L2
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break-even analysis does not estimate new mode demand as
with the other procedures. The break-even analysis will
give a demand level required to produce a break-even opera-
tion.

The judgmental method and trend analysis have a
limited application to new mode demand estimation. A new
mode may not be in use or may not have established opera-
tions from which judgments and trends can be determined.

In addition, if may not be possible to make a judgment or
establish a trend from a new mode used in corridors with
vastly different travel characteristics from the corridor
being evaluated,

The modeling techniques appear to be more effective
in the long-~term analysis than the more subjective methods.
However, the modeling techniques are fairly complex and
complicated procedures are used to calibrate the models
from an existing data base. Models can specifically be
developed to estimate demand for a new travel mode, It
appears that if a data base is available or can be
constructed, the modeling techniques would be preferable to

the more subjective methods.



29

CHAPTER 3
STUDY METHODOLOGY AND DATA COLLECTION

This chapter includes a discussion of the selection
of demand evaluation technique and a description of the
methodology used in this study that incorporates the
selected demand evaluation technique. Also included in
this chapter is a summary of the data used in the applica-
tion of the study methodology. The data includes existing

helicopter performance and cost characteristics.

Selection of a Demand Evaluation Technique

The demand estimation procedures presented in the
review represent the state-of-the-art in intercity demand
modeling for the analysis of a new mode. Considering the
strengths and weaknesses of each technique, econometric or
behavioral modeling is the most appropriate technique to
use in determining a specific demand estimate for a new
intercity mode. The modeling procedures are more tech-
nically based than the subjective methods and have the
ability to consider various service and corridor charac-

teristics., The main limitation to using either the
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economic or behavioral modeling technique is the need of an
existing data base.

In researching the Phoenix-Tucson corridor data
base, the Arizona Department of Transportation (1987) could
only supply information on highway system traffic volumes.
No historical intercity travel or origin/destination data
was avai]aﬁ]e. Collecting origin-destination data for the
study corridor or updating multiple city pair data was con-
sidered beyond the scope of this research. As such, an
econometric model could not be used in this study because
the calibration of an econometric model requires multiple
city pair or historical intercity travel data. Similarly,
a behavioral model could not be used as the origin-destina-
tion data needed for calibration was not available. Also,
a trade-off analysis, as used in the MDOT study (1981), was
not possible due to time and manpower constraints.

Of the other three demand estimation technigues,
trend analysis and the judgmental method also could not be
used. Neither of these techniques could be applied to this
study because there are limited intercity helicopter ser-
vices to base judgment decisions or to take trends from in
estimating demand for the Phoenix-Tucson corridor.

In the early 1980's, the Official Airline Guide
(November 1981) listed helicopter service in only two

corridors, New York-Newark and San Francisco-0akland. The
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distances involved are approximately 16 miles and 12 miles,
respectively. Even more recently, only seven scheduled
helicopter services of any type were listed in a current
0fficial Airline Guide (October 1988). The seven services
are listed in Table 2 along with the aircraft used, routes,
approximate travel distances, scheduled flight times, fre-
quency (number of round trips) and fares charged for the
service. As indicated in Table 2, scheduled helicopter
service existed in only two intercity corridors. The
distances between the cities in the two corridors, New York
City - Atlantic City and Vancouver - Victoria (British
Columbia), are approximately 102 miles and 50 miles,
respectively. The flight origin-destination for the other
helicopter services were either airport-to-airport,
airport-to-CBD or CBD-to-airport. The Grand Canyon -
Havasupai services is unique in that it operates between
two rural airports serving a tourist attraction and Indian
reservation that are fairly inaccessible by vehicular
modes.

For the most part, the existing helicopter services
can be accurately categorized as part of the airport access
system for an urban area rather thanm an interurban travel
service, A helicopter operation between the Phoenix CBD
and Tucson CBD (approximately 106 miles) would act as an

intercity travel service. The data on demand trends



TABLE 2 - HELICOPTER COMMUTER SERVICES

City names indicate airport unless noted otherwise
(1)RuB Express has three intermediate stops if demand presents

APPROX.
TRAVEL SCHEDULED
AIRCRAFT SEAT DISTANCE FLIGHT TIME FARE

SERVICE USED CAPACITY ROUTE(S) (miles) {minutes) FREQUERCY {one-wav)
Grand Canyon Bell 206L & & Grand Canycn/
Helicopter Bell 206B 4 Havasupa:-Arizona 40 30 1 $150
Helijet Sikorsky 76 12 Vancouver/Victoria Harbor-

British Columbia 45 25 6 $72

Vancouver Harbor/Victoria

Harbor—-British Columbia 50 30 14 $76
Hub Express  Bell 206L 6 Logan/Boxborough{1)-

Boston Area, Massachusetts 25 30 11 $49
New York Kennedy/34th St. Heliport-
Helicopter Sikorsky 58 14 New York 10 10 16 $58

Kennedy/Garden City, New York 10 15 1 $58
SFO Bell 206L & 6 San Francisco/Oaklandg-
Helicopter Bell 206B 4 California 12 10 3 $54
Tropical Miami/Ft. Lauderdale-Florida 21 20 9 $127
Helicopter Bell 206B 4 Miami/Miami Heliport-Florida 6 10 B
Trump Air Sikorsky 61 24 30th St. Heliport-New York/

Atlantic City~New Jersey 102 50 4 $125

et
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associated with existing scheduled helicopter services gave
no real basis for the use of conventional demand estimation
techniques related to this type of intercity corridor.

The inability to apply the judgmental method, trend
analysis or econometric and behavioral modeling to analyze
a helicopter commuter service in the Phoenix-Tucson corri-
dor resulted in the application of a break-even analysis.
Break-even analysis was used to estimate fare Tevels for
specified demand levels. The moderate data needs for the

analysis (cost of the helicopter service) were available.

Study Methodology for Feasibility Analysis

The study methodology in evaluating the feasibility
of Phoenix-Tucson helicopter commuter services involved the
following five tasks:

1. Definition of the break-even analysis application
to the study.

2. Collection of helicopter performance and cost data.

3. Estimation of helicopter service travel time and
break-even travel cost.

4. Development of travel cost and time values for
existing modes used in the Phoenix-Tucson corridor.

5. Comparison of helicopter service characteristics to
the travel characteristics of other modes used in

the corridor.
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The following sections describe the application of
the break-even analysis and summarize the data collected to
perform the break-even analysis for proposed heiicopter
commuter services. Chapters 4 and 5 detail the development
of travel costs and times along with the comparison of the

proposed helicopter service with existing modes of travel.

Application of Break-Even Analysis

Based on the break-even theory, the study analysis
involved the relationship between helicopter service
operating cost and demand revenue. To relate the break-
even equation (Equation 3) to the operation of a helicopter
commuter service, the following definitions were used in
this research:

1. The break-even point was measured in units of
demand (number of passengers).

2. The expenses were those required to operate a heli-
copter commuter service.

3. The revenue component of the contributions was the

travel cost (fare) of a helicopter service,

The break-even analysis for a proposed helicopter

commuter service is stated in Equation 8.
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D = 0C Eq. 8

where D helicopter demand (in passengers)
F = travel cost (fare) for service (in % per
passenger)

0C operating cost of helicopter service (in §)

In order to compare the helicopter service with
other intercity modes, the fare (travel cost) and travel
time associated with each service were determined. To
determine the helicopter fare levels for various levels of
demand, the terms in Equation 8 were rearranged in Equation
9 to show the demand revehue-operating cost relationship

under a break-even operation.
D x F = 0C Eq. 9
where D, F, and OC are defined as in Equation 8

The left side of Equation 9 represents the demand revenues
while the right side of the equation constitutes the
operating or supply cost.

A final reordering of the break-even equation gives
the fare, or travel cost, associated with a break-even
operation. Using the definition of a load factor in

Equation 10, the break-even equation is rearranged in
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Equation 11 to show the formulation of a break-even fare

calculation.

LF = S Egq. 10

where LF = load factor (in passengers per seat)

S

supply value (in seats)

D is defined as in Equation 8

N 0C
F = < F Egq. 11
where F and 0OC are defined as in Equation 8

S and LF are defined as in Equation 10

As shown in Equation 11, the break-even analysis in
the study methodology is used to determine helicopter ser-
vice break-even fares for a range of demand levels. The
resuiting fares along with helicopter service travel times
are compared to travel costs and times of other modes in
the corridor in order to evaluate the potential of the new

service,

Data Collection

The data necessary for the break-even analysis are
the performance and cost characteristics of the helicopters
that could be used for the Phoenix-Tucson corridor service.

Performance characteristics such as capacity, cruise speed
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and travel range were obtained by contacting nine major
helicopter manufacturers and reviewing'manufacturer litera-
ture. Each manufacturer was asked to recommend which of
their aircraft could be used in a commuter service and to
supply information on those helicopters. The nine manufac-
turers are listed in Table 3 along with the particular
helicopters each recommended for commuter service.

Table 4 1ists general helicopter data that were
supplied by the manufacturers. For each helicaopter,
passenger capacity, cruising speed, travel range and ini-
tial cost are shown if available. In Table 4, the 18 heli-
copters are listed from low capacity (5 passengers) to high
capacity (44 passengers).

For the analysis, the Bell 206L, Bell 212 and Sikorsky
61N were selected to represent a Tow, intermediate and high
capacity helicopter respectively. The Bell 206L (6
passenger capacity) and Bell 212 (13 passenger capacity)
were selected because they have relatively low initial
costs and are the most widely used helicopter for their
size in air carrier and commuter air carrier service (1987
Helicopter Annual). The Sikorsky 61N was selected because
it is used for the existing intercity service between New
York City and Atlantic City.

The specific data needed for these three heljcopters

were the direct operating costs which include fuel,






