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ABSTRACT

*Aircraft demand and cost functions were estimated for six types of

VIOL aircraft: conventional helicopter, compound helicopter, tilt
rotor, tilt wing, stowed rotor, and fan or jet lift. From these
functions total aircraft profit or loss as a function of the number
of aircraft produced was calculated. Results were calculated for the
90 seat size of all six types; in additon, 30, 60, 120 and 15G seat
sizes were analyzed for the fan or jet 1lift type.

The aircraft demard was calculated separately for each domestic
city pair and then summed to obtaZn total domestic demand. The
domestic demand was then increased by a constant ratio to account for
export sales. Demand is based on air traffic for 1985, the estimeted
firal year of production for these first generation intercity VTOL
sircraft.

Volume III presents generalized aircraft demand by city pair as
a function of VIOL aircraft fare, block time and number of seats.
With these data, the user of this report can determine the demand
for any VIOL passenger transport design,

Descriptors

VIOL Aircraft Tares Vertiports
Civil Value of Time Operating Costs
Economics Travel Preferences Aircraft Cost
Air-Travel Demrand Trip Times
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FOREWORD

In December, 1966, the Military Rircraft Panel of the President's
Science Advisory Committee asked the Institute for Defense Analyses
(IDA) for advice ir. formulating the govermment's future VICL air-
craft program. As a result of this request IDA vndertook studies
of both civil and military markets for VIOL aircraft. This Report
covers the civil market analysis which was sponsored by IDA. When
the military transport study ic completed, the optimal aircraft
characteristics can be compared with the civil aircraft co determine
whether a single basic aircraft type can efficiently’ meet the require-
ments of both markets.

In addition to the principa.. authors listed on the title page
the following personnel made valuable contributions to the study:
Mr. Samuel E. Eastman prepared the appendix on Airport and Vertiport
Costs, Mr. Joseph P. Severo did the computer programming, and
Misses Eloise Hally and Mary Liz Wachendorf served as research
assistants on several portions of the study.

Norman J. Asher
Project Leader
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SUMMARY AND RESULTS

Aircraft demand and cost functions were estimated for six types of
VIOL aircraft: conventional helicopier, compound helicopter, tilt
rotor, tilt wing, stowed rctor, ard fan or jet lift. Results were
calculated for the 9C seat size of «ll six types and for the 30, 60,
120, and 150 seat sizes of the fan or jet lift type. The results
are shown in Figures S1 through S10.

The domestic aircraft demand was calculated by individual city
pairs and then summed. This comestic demand was then increased by
a constant ratio to account for export sales. This total demand as
presented in Figures Sl through S10 is based on demand in 1985, the
estimated final year of procuction for these first generation inter-
city VIOL aircraft.

Aircraft demand is shown both with a frequency requirement of six
round trips per day between city pairs and with no frequency require-
ment. The frequency requirement hac little effect in percent on
numbers of aircraft demanded when the demand is large (at low prices
for the faster types) but it does significantly reduce the percent
of aircraft when demand is small (at high prices for the slower types.)

We have not required a minimum nunber of passengers for each city.
Such a requirement would take intoc account tne lewvel of traffic
required to justify the cost of providing a city-center vertiport.

If this level of traffic is less than that corresponding to six round
trips per day, the aircraft demand wouid be further reduced because
VIOL operations at some cities with service to only one other city
would be eliminated.

The selling price of each aircraft type is shewn both with and with-
out engine nonrecurring costs. The selling price is based on production

of each type for the civil market only. If a common basic aircreft
xi
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could be sold in the military market as well, the civil selling price
would be lower than shown. Moreover, the price reduction would be
largest if the aircraft were first developed and produced in volume
for the military market. In such a case, both the civil development
costs and the recurring costs would be much less because of “ne
benefit of the "learning"™ effect from the military production program.
Total program expenditures and revenues have been calculated from
Figures S1 through S10 and are presented in Figures S11 through S20.
All results shown in these figures are based on the assumption
that the entire VIOL market is satisfied by production of a single
aircraft type (and size). If more than one aircraft split this mar-
ket, the selling price curve for each competing type would remain as
shown, but the demand curve would be lower. (For instance, it would
be half as great if two competing aircraft split the market equally.)
Conclusions for each type in crder of increasing cruise speed are
discussed below:
Helicopter and Compound Helic.pter (Figures S1, S2, S11, S12).
These types do not appear attractive econcmically, basically
because they are too slow. Being slow, they lose their
initial time saving over the conveiitional fixed wing trans-
port at around 250 miles. As a vesult, the number of city
pair routes on which they can compete is greatly reduced.
Further, the city pairs on which they can compete are at
the shorter distances and therefore relatively few aircraft
are required to carry large numbers of passengers on these
routes. A high percent of subsidy would be required for a
helicopter or compound helicopter program. This program
would be vulnerable to the introduction of one of the faster
VIOL types which would be both faster and cheaper than
eithar of the helicopter types.

Tilt Rotor(Figures S3, S13). This type appears to be
marginally profitable. Siuce its disc loading
is comparable to that of helicopters, its noise character-
istics should be in the most acceptable class- The tilt - -

xii
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rotor has been flown experimentally sc its technical risk
is moderate.

Tilt Wing (Figures S4, S14). This type is somewhat more
attractive economically than the tilt rotor type. However, its
noise characteristics are considerably worse than those of the
tilt rctor. The tilt wing aircraft has been flown experimentally
so its technical risk is moderate.

Stowed Rotor (Figures S5, S15). This type lies between the
tilt rotor and tilt wing economically and its noise characteristics
should be in the most acceptable class. However, the stowed rotor
has never been flown so its technical risk is high.

Fan or Jet Lift (Figures S6, S7, S8, S9, S10, Sis, S17, S18,
819, S20). This type was selected for size optimization because
it was believed to be tne most attractive economically. Subse-

quently, however, it proved to be less attractive economically

than the stowed rotor, tilt wing, or tilt rotor, but better than

the helicopter types. The poor showing of the fan or jet lift is

due to its relatively high price, caused by its relatively high

engine costs. Its noise characteristics should be considerably

worse than any of the rotor types and somewhat worse than the tilt

wing. This type of aircraft has been flown experimentally so its

technical risk is moderate.

Figures S16 through S20 indicate that with no frequency requirement
the minimum program loss occurs in the 60 to 90 seat size; for the 120
ané 150 seat sizes the minimum program losses are only moderately
higher. With a minimum frequency requirement of six round trips per
day, the minimum program loss still occurs in the 60 to 90 seat size,
while losses for the 120 and 150 seat sizes are significantly worse.
The optimum seat size of 60 to 90 is smaller than might be expected
intuitively. As the size is increased, the ncnrecurring costs increase
and the number of aircraft needed to carry the passengers is reduced;
both effects increase the nonrecurring costs that must be amortized
for each aircraft sold. Further, since not so many aircraft are
needed, the recurring-cost learning effe :s are reduced. The
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nonrecurring costs are lower for the tilt rotor, tilt wing, and
stowed rotor types, so their optimum sizes would be somewhat higher
than for the fan or jet lift type--probably about 100 seats.

The six VTIOL types are ranked in Table Sl. The first column is
based on Figures Sl through S20 and shows economic ratings--determined
only by the fare and speed characteristics of the aircraft. The degree
of uncertainty in the estimates of aircraft characteristics and costs,
as well as of passenger demand, weakens the confidence in this ranking.
Small relative differences would change the ranking particularly for
the tilt rotor, tilt wing, and stowed rotor types. The second column
ranks noise and air pollution levels in landing and takeoff.l Since
both are basically a function of disc loading, the amcunt of air
pollution increases with noise level. Four of the types hover like a
helicopter and should have helicopter-like noise and air pollution
levels. The other two types have considerably worse noise and air
pollution levels, High noise levels would have a major adverse
effect on passenger demand for VIOL service if the aircraft were
forced to operate from vertiports well removed from the city centers.
Design characteristics to reduce noise levels will probably involve
major weight: (and therefore cost) penaities. The third column deals
with technical risk. As could be surmised, the two helicopter types
involve little technical risk; the stowed rotor, the only type that
has not been flown, may involve the highest technical risk. The
other three types are intermediate in this category.

1. For noise contours of various VIOL aircraft see NASA Contractor
Report NASA CR-986, "Study of Aircraft in Short Haul Transportation
Systems," January 1968; (prepared by the Boeinc Co., Rentor, Wachington).
This report indicates the following ground areas where the noise level
is at least 90 PNdB:

tilt rotor: .06 sq. mi.
tilt wing: .35 sq. mi.
jet lift: 1.61 sq. mi.

Some unpublished data, indicate that the conventional helicopter and
the lift fan aircraft would produce nearly the same noise level.
We have assumed the Boeing data to be correct in our ranking.
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Tabie Sl
RANKING BY AIRCRAFT TYPE
Economic Noise/Air Technical { Over-
_Aircraft (Fare/Speed) | Pollution Risk All

Helicopter 6 1 1 6
Compound Helicopter 5 1 2 S
Tilt Rotor 3 1l 5 1
Tilt Wing 1 S 3 3
Stowed Rotor 2 1 6 2
Fan or Jet Lift 4 6 4 4

AR T R meRRe T S

The final over-all ranking requires a subjective weighting of the
three besic categories. We have ranked the tilt rotor highest because
it is only slightly worse economically than the tilt wing or stowed
rotor; furthermore, it produces considerably less noise and air
pollution than the tilt wing and involve:s much less technical risk
than the stowed rotor.

Nevertheless, the stowed rotor seems to offer the greatest
potential if it can be successfully developed, since economically it
is better than the tilt rotor and is much quieter than the tilt wing.
Because it mav affer the greatest potential, it would be valuable to
validate its characteristics by a flight test program. It should
then be reevaluated before a production program is undertaken.
Depending on the time required for stowed rotor development, the tilt
rotor or one of the other types might be produced as a first genera-
tion vehicle and the stowed rotor might replace it as the second
generation vehicle.

Figures S1 through S20 are based on the assumption that nonrecurring
costs are allocated over the number of aircraft produced and that all
aircraft produced are sold at the same price. Commercial aircraft
historically have been priced in this manner. In this way the maximum
total program profit is shown on f_gures S11 through S20 at the
quantity where the maximum surplus of revenues over expenditures
occurs. (For unprofitable procrams, minimum program loss occurs where
minimum deficiency of revenues under expenditures occurs.)

xv
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An slternste (and much less likely) pricing assumption is tlat Che
manufacta er would price the aircraft accordirs«y to his mirgingl recur-
ring costs. This method is gen:irally used in U5 militery aircraft
procurement where the govermment pays for the zircraft nonrecurring
costs end then buys groups of aircraft (usually in one year production
increments) at the marginal recurring cost for eiach group purchased.
The results of this pricing method are shown in Figures S21 through
S30. This method brings about the sale of more aircraft but eliminates

recovery of the ncnrecurring costs. Accordingly, from the manufacturer's

point of view, a total program loss equal to the nonrecurring costs
results. However, the program could still be profitable to the total
economy if the consumer surplus resulting from operation of the aircraft
substantially exceeded the nonrecurring costs.

Volume III presents generalized aircraft demand by city pair for
the top rarking 86 city pairs. Although a few additional aircraft
might be demanded if more city pairs were considered, the number of
additional aircraft compared with the demand for these top 86 city
pairs would generally be less than ten percent. It is felt that this
small additional demand would be offset by unavailability of verti-
ports in some of the top 86 city pairs and that therefore the demand
as shown for these city pairs closely represents tba total domestic
demand.

Volume IV presents the aircraft demand by city pair for the
specific aircraft shown in Figures S1 through S30. The total
demands shown in Figures S1 through S30 are the sums of the individual
city-pair demands given in Volume IV plus an allowance for the
export market. The importance of conventional airport distance from
city center on VIOL demand can be seen in the individual city-pair
results of Volume IV. For example, Table S2 shows that 5.7 helicopters
are needed on the Chicago-Detroit route while only one is needed for
Washington-New York even though the number of air passengers is almost
four times higher on the Washington-New York route and the distances
are comparable. The higher number of helicopters for Chicago-Detroit
is required because the airports are much further irom the city centers
than they are in Washington and New York.
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Table 52

NUMBER OF CONVENTIONAL HELICOPTERS DEMANDED
1985
90 Seat Size
Price = $4,000,000

Washington- Chicago-
Measure New York Detroit
Distance (st. mi.) 205 237
Number of Air Passengers, 1965 1,457 392
Number of Helicopters demanded 1.0 5.7
Airport Distances from City Center 3.9 and 3.3 and
(st. mi.) 5.4 17.3

The results of the study are based on the demand for 1985--the
estimated final year of the aircraft production program. The demand
for 1975 (the estimated year of initial service) will be less because
of three factors: (1) the base CTOL demand will be less, (2) the
passengers' value of time will be less, and (3) if a minimum frequency
of service is required, fewer city pairs will be included. The base
CTOL demand in 1975 is estimated at 3.07 + 6.48 = 47 percent of the
1985 demand (see Section 3). Accordingly, neglecting the other two
factors, the VTOIl. aircraft demand in 1975 would be 47 percent of the
figures shown for 1985.

The effect of passengers' value of time in 1975 relative to 1985
on percentage passenger preference for the faster, more expensive
mode is explaired in Section 7. The 1975 percentage passenger
preference for the mcst competitive VIOL aircraft would be roughly
85 percent of the 1985 level; however, for the less competitive types,
where passengers would have to pay $8 or more per hour to save time,
the 1975 percentage passenger preference would be only about 74 per~
cerit of the corresponding 1985 figures.

The two factors previously discussed will result ir more city
pairs being eliminated in 1975 than in 1985 if a minimum frequency
of service is required. Further, more city pairs will be eliminated
for the less competitive types than for the more competitive types.
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A minimum frequency requirement ot six round trips a day is estimated
tc elininate ten percent more of the total demand for the four fastest
VIOL types in 1975 than it would in 1985. The corresponding percentage
estimated for the helicopte: and compound helicopter is 20 percent.

The 1975 demand as a percent of the 1985 demand can thus be

estimated as follows:
Four most competitive (highest speed) VIOL's:
.47 x .85 x .90 = 36%
Two least competitive (lowest speed) VIOL's:
.47 x .74 x .80 = 28%.

None of the VIOL aircraft types appear to be economically self
sustaining by 1975; by 1985 three of the six types appear capable of
economical operation. By then it is estimated that a market for
200-300 ninety-seat VIOL's will exist. These aircraft will serve
approximately SO US cities on 70 city-pair routes as well as some
foreign routes. The next major step toward realizing VIOL service
should be the construction and testing of prototype aircraft to
reduce the substantial uncertainties in aircraft performance, invest-
ment costs, operating costs, and noise acceptability.
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1

INTRODUCTION

This Report presents an analysis of the demand for city-center to
city-center passenger transport service by vertical takeoff and
landing (VTOL) aircraft. This service is believed to comprise the
most promising market for civil VTOL transports. If the VIOL aircraft
are not competitive in this mission they will probably not be
competitive in other civil transport roles. If they are competitive,
there may be some additional market demand for other civil roles,

such as transport to isolated points or from airport to downtown.

In this study we have assumed the VIOL's have overcome some very
real problems involved in operating large aircraft in densely popu-
lated city centers--noise, air pollution, safety, and the availability
of city-center vertiports. If the aircraft are not economically
attractive under these favorable assumptions, further study is not
warranted. However, if they are attractive then these additional
problems must be solved before actual service can be realized.

Aircraft demand resuits in this study are estimated for the year
1985. The initial operational date for VIOL aircraft is estimated to
be around 1975. Based on the past pattern of successful civil aircraft
production programs it is estimated that the production program would
continue through 1985 before the following generation of aircraft
wola enter service. Final demand for the aircraft wiil therefore be
determined by the 1985 level of passenger demand. A means for esti-
mating the initial demand in 1975 from the estimated demand in 1985
is presented.

Aircraft characteristics used in this study have been developed
from a number of sources. These independent designs have been compared
by type of aircraft and generalized industry trends have been developed

k]
-




(see Appendix A). The range of VTOL cruise speeds considered cover those
from the next generation helicopter (190 mile per hour cruise speed)

to those of jet types with cruise speeds comparable to conventional
subsonic jet transports (530 miles per hour). Total trip times 3s a
function of intercity distance for several of these types and for
conventional jet airplanes and ground vehicles are showa in Figure 1.
3 These trip times include an average time for travel to and from the
3 common carrier terminals. As can be seen in this yeneralized analysis,
the helicopter loses its trip time advancage over the jet airplane at
about 210 miles and the compound helicopter loses its advantage at
about 330 miles. Because of the inefficient characteristics of
these types at longer distances, the helicopter and compound heli-
copter types are assumed to have a design range of 250 miles. All
the other VTOL types are assumed to have a design range of 500 miles.
Our study provides for the analysis of varying seating capacities of
the different VIOL configurations.

A1l dollars in this study are 1968 dollars unless otherwise noted.
The mid-1968 consumer price index is estimated at 120 based on the
historical index for 1957-59 = 100.
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. 2

- METHOD OF ANALYSIS

-4 The basic method of analysis is presented in swmmary form in this

.. section. Other sections of the Report present in detail many of the

elements discussed briefly here.

Figure 2 presents the flow diagram for determir.ng city-center
to city-center VTOL passenger transport demand. The various steps
involved are:

(1) The total domestic passenger demand based on
conventional aircraft (CTOL) service is projected to 1975
and 1985.

(2) The 1965 origin-destination (OD) passenger demand
by city pair is expanded to 1975 and 198% levels in a manner
compatible with (1) above.

(3) This traffic demand by city pair is further divided
into the traffic demand from each segment of one city to each
segment of tnhe other city.

(4) CTOL and VTOL trip times and costs from each segment
of one city to each segment of the other city are determined.

(5) The trip times and costs permit the calculation of
costs of saving time by the faster mode. This figure repre-
sents the value a passenger must place on his time in order
to justify selection of the faster, more expensive mode.

(6) The average value that passengers place on their time
is believed to be approximated by the passengers' earning rate.
Since earnings are expected to increase with time, an earnings
distribution is defined for 1975 and 1985.

(7) Based on (5) and (6) above, passengers are divided
between CTOL and VIOL service. This provides the number of
air passengers by segment pair who will switch from CTOL to
VIOL service.
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(8) Because of the additional time saving pessible with
VIOL service, a further increase in VIOL passenger demand is
estimated to reflec: a diversion of passengers from ground
mcdes and some increase in the number of trips per passenger
made by the original CTOL passengers who switch to VTOL.

(2) The VTOL passenger demand by segment pair is summed to
obtain the total VIOL passenger demand by city pair.

(10) The aircraft productivity (number of seats, block time,
load factor, utilization) determines the number of aircraft
required to carry the city-pair passenger demand. These air-
craft characteristics also datermine the frequency of service.

A minimun daily frequency rv:quirement will be involved in
determining the optimum aircraft capacity.

(11) The aircraft demand for all domestic city pairs is
summed to obtain the total domestic aircraft demand.

(12) A quantity of a.ircraft for the export market is
estimated and added to the domestic demand to obtain the
total aircraft demand.

(13) The aircraft demand as a function of aircraft price

- - is compared with the supply price of the aircraft to determine
the economic feasibility of the program. The aircraft price
is varied; this changes the VIOL fare, which changes the demand
for aircraft. In this way the number or aircraft demanded can

. be determined as a function of the price of the aircraft. The
.- supply price curve is determined with nonrecurring costs being
averaged over varied production numbers of aircraft and
recurring costs being estimated with applicable learning curves.

The computer program presented in Volume III conforms to the method
of analysis outlined above.
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3

AIR TRAFFIC FORECASTS

3.1 TOTAL DOMESTIC AIR TRAFFIC FORECAST

The traffic forecast of the FAA through the final forecast year
(1977) was used as the domestic traffic forecast.l This forecast
agrees closely with the CAB forecast as well as the forecasts made by
a number c¢f airlines, manufacturers, and the Institute for Defense
Analyses. The forecast to 1985 was obtained by projecting the FAA
forecast in a manner similar to the trend shown by some of the other
forecasts which covered the 1985 time period. The forecast together
with past actual reva-ue passenger miles (RPM*s) from 1946 is shown

in Figure 3,
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FIGURE 3. Domestic Traffic Forecast

1. Aviation Forecasts, Fiscal Years 1967-1977, January 1967
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3.2 RIR TRAFFIC FORECAST BY CITY PAIR

Our method of analysis involves the use of actual passenger traffic
by city pair. Because the 1966 airline strike affected the traffic
on some city-pair routes more than on others, it was felt that 1965
origin and destination (OD) traffic by city pair2 would be more
rapresentative of comparative city-pair traffic levels than the 1966
data. Using 1965 as a base year, the total domestic traffic forecast
of Figure 3 indicates traffic in 19/5 would be 3.07 times that of 1965,
and traffic in 1985 would be 6.48 times that of 1965. Traffic by
each city pair has been assumed to increase by these same ratios.

Table 1 shows traffic estimated by this method for the top ranking
86 city pairs with intercity distances under 500 miles. Of course,
the traffic growth by individual city pair can be expected to vary
somewhat from the national average; however, for our study we have
zssumed that all city pairs will grow at the national average growth
rate. 7Ine higher-than-average growth rates on some city pairs will
be offset by the lower-thLan-average growth rates on others as they
affect the total demand for aircraft.

To check the validity of the above assumptions, the 1v65/196G
ratios of OD passengers were calculated for the 86 top ranking city
pairs of Table 1; the average ratio was 1.70. Revenue passengec-
miles for the total trunk and local service carriers (both scheduled
and nonscheduled) were 30.6 and 52.8 billion in 1960 and 1965
respectively, so the 1965/1960 ratic of total domestic RPM's was
52.8 2 30.6 = 1.73. It can be seen that this figure is quite close
to the average for the 86 city pairs of Table 1.

The future CTOL fare structure used in this study (Figure 5, page 23)
assumes an increase in present fares under about 300 miles and a decrease
at longer distances. According to our estimates of the fare elastici-
ties, this differential fare change should result in a relatively lower

2. CAB Domestic-Origin Destination Survey of Airline Passenger
Traffic, 1965.
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rate of traffic growth at the shorter distances. Tc¢ check this effect,
we have examined the past rate of traffic growth as a function of dis-
tance over a period of time when fares were being increased proportion-
ally more at shorter distances than at longer distances. From 1359 to
1967, coach fares at the zero distance intercept were increas2d about
100 percent while they were increased about 32 percent at 50C miles
(Figure 5). A regression through the ratios of 1365/1960 traffic
for the top ranking 86 city pairs versus distance showed a ratio of
1.51 at the zero distance intercept and 1l.84 at 500 miles, with the
simple average previously noted of 1.70. These results confirm our
belief that the traffic growth rate will continue to be higher at the
longer distances as the zero distance fare intercept is raised. How-
ever, the additional ef{ort invnlved in allowing for this effect in
our calculations does not seem warranted, since the lower~than-average
growth rate of city pairs at the shorter distances should be approxi-
mately balanced by the higher-than-average growth rate at the longer
distances, so that the method of ratioing up city-pair traffic in
proportion to the grewth in total domestic traffic should yieid valid
total demand results.

The possibility of predicting air travel by city pair by means
of a mathematical model relating air travel to intercity distance,
populations, incomes, etc. was explored but abandoned in favcr of
the approach outlined above. The mathematical model produced rather
poor correlation with actual travel because there are evidently many
factors not readily quantifiable which affect travel between two
cities. For example, Table 2 shows air traffic between San Francisco
and two other cities. The distance to each of the other cities is
about the same. The 1960 SMSA populations of Las Vegas and Eugene
were 127,016 and 162,890 respectively. Based on distances and popu-
lations (the two most generally used determinants of travel), ore
would expect a somewhat higher volume of traffic between San Francisco
and Eugene than between San Francisco and Las Vegas. The actual
traffic figures of Table 2 indicate that Las Vegas must possess other
virtues which increase its attractiveness to San Franciscans. It
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was concluded that all factors affecting travel are already reflected
in present air traffic volumes and that the: represent the best basis
on which to predict 1975 and 1985 traffic.

Table 2
AIR TRAFFIC BETWEEN SAN FRANCISCO AND TWO OTHER CITIES
Air 1965 OD
City Pair Distance Passengers
San Francisco-Las Vegas, Nev. 416 233,550
San Francisco-Eugene, Oregon 435 22,500

It is believed that the city pairs under 50C miles with the
largest volumes of conventional air travel represent the most promising

city pairs for VIOL air serxrvice for several reasons:

(1) In general these cities are the largest--and therefore
present the most serious problems of access to conventional
airports. The airports tend to be further out in these cities
and the ground travel to the airports through heavy traffic
is slower.

{(2) These city pairs will generate sufficient VIOL
traffic volume to provide a suitable frequency of VIOL service.

(3) These cities will generate sufficient VIOL passenger
volume to justify the required investment in vertiports.

In this stud', we have not attempted tc develop route schedules link-
ing different city pairs together. Our analysis is based on simple

shuttle nperations by individual city pair. Obviously, the different
city pairs would be organized into routz networks and individual VIOL

aircraft would be scheduled over the networks, much ss today's
conventional aircraft are scheduled.
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BREAKDOWN OF CITY-PAIR AIR TRAFFIC BY SEGMENT PAIR

Apperdix B describes the method by which local (intracity) origins and
destinations (OD's) of passengers were related to radial distance from
the center of the city. Because the local OD's are a function of the
distance from the city center, a method of segmenting the city by rings
centered on the central business district (CBD) was developed. Figure
4 shows Dallas and Houston as & sample city pair. In this particular
case, both cities were segmented into a central core plus three rings.
Each of the outer rings was divided into quadrants by the north-south
and east-west axes, re_ulting in 13 segments for each city. For
Dallas and Houston a total of 13 x 13 = 169 segment pairs result.
For each city the following data were developed:

(1) The radius from the city center to each of the circles.
Depending on city size, from two to six circles were used.

(2) The percentage of each segment inhabited. This is
especially important for cities locate” on large bodies of
water where the pattern of passerger OD's is greatly altered
by local gecgraphy.

(3) Straight-line distances to the nearest CTOL airport

and to the city-center vertiport, including a notation :ctating

vhether the trip involves travel through heavy city traffic areas.

These basic inputs, together with the distribution of local OD's
versus radius (Appendix B), and the grcund times and costs versus
distance (Appendix C) permit the breakdown of total traffic into
segment-pair traffic and the calculation of ground travel times and
costs by segment pair. Section 10 illustrates the sample calculations
for Dsllas~Houston.

The segments used in this study for any city can be reproduced

as follows:




(1) The center of the rings is located at the wvertiport
(see maps, Appendix L).

(2) The ring radii in statute miles are given in the input
data sheets of Volume III under "In Rad"™ and "Out Rad." The
four segments per ring are determined by the north-south and
east-west axes through the vertiport location and are numocered
starting with the northeast segment (see Figure 4 ). The
percent inhabited for each segment is given, to the nearest
10 percent, under the "Per Inhab" column of the input data
sheets.

DALLAS HOUSTON

A VERTIPORT AT CITY CENTER
® CONVENTIONAL AIRPORT

P5-7-084

FIGURE 4. Passenger Local Origin and Destination Segments
for Dallas and Houston
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w AIRCRAFT COSTS
o Our analysis requires aircraft operating costs as an element of the
airline fzre required to earn a given return-on-investment. These
r—= costs are necessary inputs to the demand analysis.
: Aircraft manufacturing costs and costs for research and develcpment
— are required as the essential determinants of the supply schedule.
5.1 AIRCRAFT OPERATING COSTS

The aircraft direct operating costs were estimated by component
category. The components of direct operating cost reported by the
CAB consist of (1) crew, (2) fuel, (3) maintenance, (4) insurance
and (5) depreciation. Estimating relationships were developed for
i the first three categories. The remaining direct operating cost
‘ components--insurance and depreciation--are dependent upon an air-

i craft's price, and since the assumnption of parametric changes in

‘. price is used to generate a demand schedule, these costs are included
- in the study as part of the airlines' investment which must earn a
given rate of return.

e
)

Indirect operating costs cor:sist of maintenance and depreciation
i costs for ground equipmen. as well as general service and administra-
tion expenses. One estimating relationship was derived for this
entire cost category.

The general method for developing cost estimates was to attempt
to relate present patterns of cost tc an aircraft's performance or
design characteristics. These patterns were then related to the
chavacteristics for future VIOL aircraft as provided by the study.
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5.1.1 Crew Costs §
Crew costs per hour for a variety of aircraft in commercial

e

operation demonstrate a consistent linear pattern when plotted against
seat-mile productivities (no. of seats x miles per hour). Typical
mission profiles for VIOL sircraft were investigated and seat-mile
productivities determined. These were fitted to the present pattern

S

of payment to yijeld estimates of crew costs per hour.
5.1.2 Fuel Costs

Fuel costs per hour were, likewise, determined from an examination
of aircraft in commercial operation, and these costs were related to
either maximum thrust rating, in the case of jet aircraft, or to maximum
shaft-horsepower rating, in the case of rotor or propeller aircraft.
The ratio of pounds cf fuel consumed per hour per pound of thrust
(or horsepower) was determined to depend upon the distance flown.
This ratio was plotted for commercial aircraft, including helicopters, -
against the average distances flown, as reported by the CAB. The -
appropriate thrust rating (cr horsepower)--the denominator of the -

ratio--was prcvided for the aircraft studied, and this information
together with the above ratio determined the pounds of fuel consumed
per hour--the numerator of the ratio--at various stage lengths. Pounds
of fuel were read’ly translated into a dollar cost for fuel.

5.1.3 Maintenance Costs

Maintenance costs per hour (including maintenance burden) represent
the cost component which has been estimated to differ most significantly
from present airline experience. The apprcach used was to attempt
to estimate helicc~ter maintenance costs by using existing operational
experience to contrast helicopters with conventional aircraft. The
other VIOL aircraft were assumed to fit the helicopter pattern.
Conventicnal fixed-wing aircraft in (~wmmercial operation demonstrate
a linear relation when plctted against aircraft empty weight. Heli- 3
copters demonstrate a similar relation, but with a significantly ;
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increased sicpe. Pound for pound, helicopters are more costly to
maintain. Due to the very limited experience for helicopters in
commercial operation these data were augmented by military heli-

copter experience,

L |

5.1.4 Indirect Operating Costs

Indirect operating costs per passenger were estimated by noting
the consistent linear pattern for these costs when related to average
trip distances for all airlines in scheduled domestic operation.

A trend line was fitted to the data reported by the CAB for helicopter,
local service, and domestic trunk airlines, and minor changes were
made in the statistical fit to adjust for differences between present
operations and operations on future high density intercity VTOL routes.

5.2 AIRCRAFT INVESTMENT COSTS

Aircraft manufacturer's co.ts were estimated from regression
analyses of an aircraft's design characteristics on both recurring
and nonrecurring costs for a large population of production aircraft.
The fixed-wing population consisted of those aircraft included in a
study of airframe costs by The Rand Corporation, in which detailed
cost information was pablished rfor a variety of conventional aircraft.
The basic method employed in this portion of the study was to add
helicopters to this population and a single estimating relation, with
the appropriate statistical properties was determined which explained
costs for this wide group of apparently different aircraft types.
Cost and desigr characteristics for the helicopters in this group
were obtained from a study of helicopter costs conducted bv the
Department of Defense. This equation related these costs to such

T S AP MRS o TSR b ) EYIR rtte
PYTESER I s TR MBI P T B T e gy, . e
A s\‘?MhmﬁwMﬂmw%WwwmmmwmmmmwmmwwmwmmwmwmwM”wmp%_ﬁw

design characteristics as aircraft weight and thrust rating and

was used to estimate VIOL recurring costs.
Unfortunately, data for nonrecurring costs were not available

BEAL L SEE

for helicopters, and an equation based upon a similar approach
?1 could not be determined for this ategory of costs. However, it
%% was found that a similar combinat..on of the variables of weight and
% 19
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thrust used in the previous equationfor recurring costs could be
employed to explain the nonrecurring costs for fixed-wing aircraft.
This suggested that the form of the equation had wide application,
and suggested, further, that a relation existed between nonrecurring
and recurring costs. This latter relation provided an alternative
method for estimating nonrecurring ccsts.

Nonrecurring costs for helicopters were estimated from the equaticn
based on fixed-wing data only, and these were compared with the estimates
obtained by using the relation found between nonrecurring and recurring
costs of conventional aircraft. Both equations yielded similar
helicopter nonrecurring costs. This result supported the view that
our equation based upcen fixed-wing experience, which demonstrated a
capability for estimating helicopter costs, could be used to estimate
nonrecurring costs for other VIOL aircraft as well.

The recurring and nonrecurring costs for engines were estimated
from equations published by The Rand Corporation.

See Appendix D for a detailed description of the cost estimates
used in the study.
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CTOL AND VTOL TRIP TIMES AND COSTS

6.1 TRIP TIMES

The CTOL and VIOL trip times between segment pairs of a city
pair are the sum of the following:

o BN o IR -2n BN |

(1) Ground time from the segment of the origin city to
the airport or vertiport.

R R i L e T

(2) CTOL or VTOL block time between the city pair.

Careane s

ORI o
L l 3 ‘

(3) Ground time from the airport or vertiport to the
segrent of the destination city.
Transfer times bDetween ground and air modes are assumed to be the
same for CTOL and VIOL. As a common transfer time cancels out in
determining the difference in trip times, the study results are not
sensitive to the length of the transfer time.

v IR T
s = 3 '

6.1.1 Ground Times

v

The ground times are determined from trends of ground times vs.
straight-line distance to the airport or vertiport (Appendix C,

L T A

P
£ { Figure Ci). Two trends are used; one if the trip involves travel
X through city traffic, and another for trips which do not involve
& { travel thrcugh city traffic, from suburbs to a suburban airport on
‘ the same side of the city.
z 6.1,2 Rlock Times
Block times for the varicus aircraft types are presented in
L ! Appendix A, Figurce 37.
3
H ' 6.2 TRIP COSTS
’29: The CIOL and VIOL trip costs between segment pairs of a city pair
‘f:« are the sum of the following:
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(1) Ground cost from the segment of tite origia city
to the airport or vertiport.

(2) CTOL or VIOL fare between the city pair.

(3) Ground cost from the airport or vertiport to the
segment of the destination city.

6.2.1 Ground Costs

The ground coscs are determined from a trend of ground cost vs.
straight-line distance to the airport or vertiport (Appendix C,
Figure C3).

6.2.2 CTOL Fares

CTOL fare as a function of distance was calculataed by the method
described in Appendix H and is shown as the "1968 Calculated" line
in Figure 5. The farz was based on the costs for the Boeing 727
presented in Appendix D and represents a weighted average of first
class and coach fares. A flyaway price of $4.8 million was u.ed.
The seat costs for the DC-9 were estimated to be nearly the tame as
for the 727; therefore the "1968 Calculated™” line represents what the
fare structure for present jet aircraft should be to earn the target
rate of return as described in Appendix E. The 727 design range is
about 2000 st. mi.; as a result, its empty weight is 86,000 pounds,
which is greater than the empty weight of any 95-seat VIOL aircraft,
all of which have much lower design ranges (Figures Al to A6). If a
95~seat CTOL airplane were designed for the same range as the VTOL's,
its weight would be about half that of the 727 and the fares for
rarges up to 500 miles would be much less.

Although the longer design range permits greater scheduling
flexibility, airplanes with a lower design range than that of the
727 will probably be developed, and such aircraft would have signif-
icantly lower fares than that of the 727 on stage lengths up to 500
miles. If such & plane were developed, the competitive standing of
the VIOL aircraft would be worse than indicated in this study.
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0 100 200 300 400 500 600
AIRPORT - AIRPORT DISTANCE (statute miles)

FIGURE 5. CTOL Fares {Includes 5% Federal Tox)

Actual 1967 coach and first class fares are alsc shown on Figure
5. These lines were developed by fitting lines through published
fares for service between large city pairs less than 500 miles anart.
As can be seen, the present fares are too low to permit the desired
return on investment at ranges less than 300 miles. Experts agree
that long-haul profits subsidize short-haul losses. The president

of Eastern Airlines recently wrote:1

1. "The New Economics of the Airline Industry,” by Arthur D.
lewis, Astronautics and Aeronautics, November 1967.
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.+« we must revise our fare structure so that short-haul
fares more closely reflect the cost of short-haul operations.
This will relieve our long-haul pas<engers from the burden
of subsidizing short-haul services and free the irdustry

to perform its traditional vital role: Generating and
carrying longer-haul traffic . . .

Until now, the primary factor that has limited the cegree
of industry interest in the STOL airplane is the obvious
financial loss the airlines woulcd incur with it under the
present short-haul fare structur=z. Thus, it seems to me
that the first and most essential step in developing STOL
capability is to recognize the true expense of short-haul
operations by cenventional airplanes.

The latter statement is equally applicable to the VIOL aircraft
considered here.

Comparison of the 1959 and 1967 coach fares on Figure 5 indicates
that underpricing of the short-haul routes is being corrected. Over
these eight years, the zero-distance fare intercept has been doubled.
If it is doubled again, the fare structure would then be such that a
reasonable return on investment from short-haul operations would be
realized. The equation for the ™"1968 Calculated" CTOL fare (in 1968
dollars) including 5 percent tax is:

CTOL Fare = 11.57 + .048 (DIST.) -.0000126 (DIST. )2

In spite of increasing labor costs, the airline industry has been
able to hold seat-mile costs fairly constant over the last two decades
through the introduction of larger and more efficient aircraft. It
is ascumed that this trend will continue and that the "1968 Calculateg”
CTOL fare of Figure 5 will remain valid (in 1968 dollars) through-
out the time period of the study.

6.2.3 VTOL Fares

VIOL fares as a function of distance were calculated by the method
described in Appendix H. Regression equations were then fitted thrivugh
the calculated fare points. These equations are presented in Table 3
for different prices for each cf the six VIOL aircraft types. For
the fan or jet lift type, fares were calculated for 30, 60, 90, 120
and 150 seat sizes. For the other five types, fares were calculated

24

[Y——




¥§90000°~ frete 66°2T 52 _
+950000°~ 190T* 86° 1T oz .
£5$0000°~ 2260° 16°0T 51
$650000°~ 500" 95 *01 2t 01 _u
1290000°~ vzt 025t 0z J
10§0000°* ;wor* st $£80000°- §69T* sz'rt oz |
9590000 - 260" 21 1£40000°~ £To1° $8°21 91 :
6£0000° - 6980° ot | ozt } oesoooo:- etT* By TY 2t
6150000 "~ 6201° 64°0T ot A
£4£0000° = sovte 0z #990000°~ 8960° 0T 0t 8
c230000: net st 44£0000°- 2590 6 9 06 “
‘e * “
£90000°~ e660° ot BT 3TI :
9050000 £500 ¢ 06 8080000 - wsst: [oRa: %t : i
. . ¥30000°= S0ET* 9y 11 _
$60000°- (et et 9250000 ' STt weat 6 i
180000 9951 " . X . f
.- . 9250000° = 1080° 598 y 06 .
50000 81T 8 "
090000 °~ 6260° $ 09 G o~ s
957000°- 6062° 5t 69/,0000° - 98LT* vzt " i
621000~ wae* 2t 1£90000°~ i 62°T1 n !
0§60000° - e 8 §490000°~ et ST*0T 8 _
15£0000°~ s65T° 9 $$£0000° » gLot 20°6 5
04§0000°~ 057" y o | sezoooo - $160° 32°S £ 06
I 3% 35 UvY IRTCHTLH punodud)y .
9£0G000° 6091° Kot oz 2850000° 098T" 796 et |
¥990000°~ 55T 19°21 5t 0050000 °~ G99T* 10°6 ot ‘
1930000~ 9Lty 8511 2t 6T¥0000° = oLyt 258 8
2690000°~ s0t° 668°0T ot £§£0000°= seete 86°L 3 *
£290000°~ 6560° 1201 8 9520000° = osot* £v'l v
v$£0000 = ts80° 256 9 06 ¥410000°~ $860° 88°9 z 06 |
0I5 OWRESS ITSISTYLS THUCTIUGAUCH
3 [ v TUGTITIN 30 | vaves 3 (] ] TUSYITIN 57 | 63
Rt 02

(8ouUe3stTq) O + (90URISTA) € + ¥ = § 8aeg !
momcamuc 30 NOLIONNI ¥ S¥ SNOILYNDE VI 10IA :

£ oTqeRl

-

“r

SN S T (T - i T e O v Y s T vt Y s T o O u_,,._..dﬁuﬂumdﬂumum

- ‘. Nomsen m n e
G s - N 2 s s s e

e e 2 . TR BE R s W W W TSI 3 b o weims e rae hwiar o e dekem - & se - s

N i it ol st ] S £t e e b Gk bt Sl :Z?ZE.: N




hes 3 i e T ————

RN M AR WA TS i S . T o

L — A e i1

:
H
.
i
H
t

only for the 90 seat size. 1In each case, the fares are based on the
weight and performance characteristics as shown in Appendix A, Figures
Al through A6. Fares are also presented graphically for the 90 seat
size of each type of VIOL aircraft (Figures 6 through 11).

Based on the fare structure for each price, the demand can be
determined for each aircraft type as a function of price.

6.2.4 Future CTOL and VIOL Fares

It is possible that future CTOL and VIOL fares might be significant-
1y reduced by technological or operational innovations. For example,
boron filament structures, improved engine specific fuel consumption
or specific weight, etc. could significantly reduce aircraft direct
operating costs. Similarly, no- reservation shuttie operatiomns,
computerized ticketing, etc. could markedly reduce indirect operating
costs. However, in both cases, these innovations should be equally
applicable to both CTOL and VTOL aircraft. Accordingly, the fuic
reductions for both CTOL and VIOL aircraft in intercity competition
should be approximately the same and the difference between CTOL and
VIOL fares should remain approximately as shownin this study. Since
our method of analysis depends primarily on the difference between CTOL
and VIOL fares, these innovations should have little effect on the
results of the study.
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SPLITTING PASSENGER DEMAND BETWEEN CTOL AND VTOL

The value that passengers place on their time must be estimated in
order to split passenger demand between a faster, more expensive
service and a slower, cheaper service. In this study the VIOL service
will be faster but more expensive than CTOL for travelers between the
great majority of segmen* pairs. From the relative trip times and
costs, one can determine the cost of saving time by VIOL. For example,
if the VTOL service saves 0.5 hour but costs $3.00 more than CTOL,
between a particular regment pair, the cost of savirng time by VIOL
would be $3.00 + .5 = $6.00 per hour. One must then determine what
percent of the passengers value their tire at $6.00 per hour or more
in order to split the total passenger demand between VIOL and CTOL.

A recent IDA study involving passenger demand for supersonic
transport service ercountered this value of time problem.l In thnat
study the passenger choice was between subsonic and supersonic jet
service. Details of the value of time analysis are included in the
IDA supersonic transport report and are summarized below.

Eccromic theory suggests that travelers would value their time as
& function of their earning rate. Accordingly, income distribution of
air passengers was obtained from a number of surveys conducted by
various airlines, the Survey Research Center of the University of
Michigan, and the Port of New York Authority. These surveys recorded
family income. Based on the ratio of earned to unearned income at
various income levels, the distribution was reduced from the total
income reported in the surveys to earned income. Because earnings

1. 1Institute for Defense Analyses Report R-118, Demand Analysis
for Air Travel by Suggrsonic Transport, December 1966. Available

from: Federal Clearing House for Scientific and Technical Information,
U.S. Department of Commerce, Springfieid, Virginia, 22151.
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1 ; tend to increase over time, a rate of increase in real per capita

F Cy income of 2.5 percent per year was used to increase these earnings

E ’ distributions in future time periods (Figure 12). Based on 2000

hours worked per year, the annual earnings can be converted to

earnings per hour as shown on Figure 12, For example, a person

earning $10,000 per year would be considersd to have an earning rate
of $5 per hour and if he valued his time at his earnings rate, he would
value his travel time at approximately $5 per hour.
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-7-a8-12 ANNUAL EARNINGS (thousonds of dolion)

FiGURE 12. Eamings Distribution of Air Passengers, U.S. Domestic Routes

The hypothesis that the average traveler would value his time at his
earnings rate was tested by the four methods discussed below:

(1) Elasticities of total demand to trip fare and time
changes were developed. By comparison of these elasticities
an average value of time could be inferred. For example, if
a decrease in trip time of one hour increased the number gf
trips by the same amount as a $5 reduction in fare, then it
could be deduced that in this particular case passengers in
~%e 3ggregate tended to value their time at approximately
s o2 ad.r. This methed was used with both domestic and
licrth Atlantic traffic data. In the case of domestic traffic
the sverage value of time obtained was very close to the
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average earning rate for the time period studied. However,
in the case of the North Atlantic the value of time indicated
by this method was nearly double the average earning rate.

(2) Duving the introductory period of tne jets, a jet
surcharge wac acdded to the regular propeller fares both on
domestic and on forth Rtlantic routes. A cost of saving
time was obtained by dividing this surcharge by the jet
time saving. Comparison of the percent of passengers select-
ing jet with the passenger earnings distribution yielded an
estimate of how passengers value their time relative to
their earnings. In the case of domestic passengers the split
between jet and piston service was close to the split predicted
by the .dlue-of-time equal to earnings-rate hypthesis. How-
ever, in the case of North Atlaatic passengers, points were
obtained indicating that passengers were willing to pay be-
tween 1.3 and 2.1 times their earning rate. The basic results
here and those obtained uncder (1) above were parallel. In
the North Atlantic case it is believed that the jet passengers
were willing to pay more in order to reduce the fatigue of the
approximately 12-hour piston flight. Therefore, the amount
paid by the passengers exceeded the amount which they would
be willing to pay for pure time saving. Our study considers
routes up to only 500 miles, so that this fatigue factor
should be regligible, and the domestic situation discussed
above should be the more applicable case.

(3) A comparison of the split of passenger demand between
ground common-carriers and air was made. This analysis is
superceded by the analysis presented in Appendix J of this
report which is based on a more comprehensive set of data.

The percent of common-carrier passengers going by air versus
cost of saving time by air was determined (the cost of saving
time by air decreases with trip distance and the percent of
passengers going by air increases with trip distance). This
distribution shows how much passengers are willing to pay to
save time in intercity travel. This cistribution -as then
compared with the distribution of passenger earning rate to
determine how passengers value travel time relative to their
earning rate. The analysis of Appendix .J indicates that
travelers value their time at approximately .65 times earnings.

(4) Both domestic and foreign airlines were asked for
their views on how passenger demand would split between faster,
more expensive supersonic service and slower, less expensive
subsonic service. Twelve curves were obtained from ten
different airlines (two airlines submitted bcth domestic

and international curves).2 The curves of seven out of the

2. Op. cit., IDA Report R-118, II, pp. 54-56.
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ten airlines agr:2c zuite well with the IDA curve. The other

three were substantially higher. The resulting airline -
censensus, based on a simple average of all airline curves was
that travelers value their time at approxirately 1.5 times
earnings. In all cases, the airlines said that their curves --
were based on subjective judgment, not quantitative analysis.

The subject of how passengers value their time is an extremely
complicated one. Certainly, individuals with identical earnings will
value their time differently; indeed, the same psrson will value his

time differently depending upon the urgency of his trir and the .-
particular schedule involved. Further, there is a widespread belief, <.
which we have been unable to verify analytically, that business .-

travelers value their time at a higher rate relative to their earn-
ings than ncnbusiness travelers. An additional complicating factor

is that surveys record family income, but the principal earner will
p.obally valve his time at a different rate than his depencernt:z
Recognizing these complicating factors, it is apparent thst rc o-re-
cise answer to this problem is possible. The four methocs of checking

ocutlined above, however, indicate that the initial hypothesis (that -

travelers, in the aggregate, value their tvime at their earning rate) - -

should provide reasonably accurate resuits. ..
Figure 13 indicetes the eifect on demand at varicus hourly

earnings if passergers value their time at about 2/3 earnings rate

{as indicated by Appendix J) instead of at 1 x earnings rate as usecé

in calculating the results of this study. Because of the shape of

the earnings Jdistribution curve, the effect is quite small up tc

about $3 nr. but becomes quite large above 55 hr. Accordingly, for

the most ccmpetitive VTOL aircraft the loss in demand would be saaller

than for the less competitive types. Roughly speaking, the demand for

the four fastest VIOL tvpes would be about 75 percent the demand

shown if passengers value their time at 2/3 earnings rate instead of

at 1 x earnings rate. For the helicopter and compound helicopter,

the demand would be about 62 percent of that shown.
The results of the study are based on the demand for 1285--the

zstimated final year of the aircraft production pregram. The percent-

ace passenger cemanc fcr tn2 racster, more exvensive mode will be icwer

(¥Y]
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in 1975 than in 1985 because of the lower earnings distribution.
Assuming passengers value their time at their earnings rate, Figure
14 shows, at various hcurly earnings, the ratios of passengers
preferring the faster, more expensive mode in 1975 relative to 1985.
Due to the shapes of the earnings distribution curves, the ratios
are high up to about $S hr. and then drop to about 74 percent above
$8 hr. and remain fairiy constant at that percentage on up to $25 hr.
Accordingly, the 1975 percentage passenger rreference for the most
competitive VTOL aircraft wouid be roughly 85 percent of the 1985
level; however, for the less competitive types, where passengers
would have to pay $§ or more per hour to save time, the 1975 preference
would be cnly about 74 percent of the corresponding 19F  :gures.
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STIMULATION OF AIR TRAVEL BY VTOL

We can expect VIOL not only tc capture some of the CTOL market, but

alsvu Lo increase the *total amount of air travel because of the time

saving of VIOL over CTOL. This increase is derived from two sources:
a shift from ground mnodes ol travel to VIOL travel, and an increase
in the average num!:r of trips by former CTOL passengers who switch
to VTOL.
In order to determine the extent cf this stimulation of air
- travel, we have relied on the implications suggested by a number of
.. empirical relationships observed in the travel market. In Appendix
K three methods have been used to determine the extent of this
stimulation and to serve as cross checks on each other. One method
is based con the relationship between trip distance and the percent
of passengers taking the air mode; a second method is constructed
on a statistical relationship between the number of air trips, trip
time, and other independent variabies, and a third method is based
on the implications of the effect of the 1947 change in the location
B of the airport serving Detroit on air travel between Detroit and
other cities.
A comparison of the results of all three rethods for a 50-minute
time saving is shown on Figure K5. We decidecd to use the Detroit
Airport move as the basis for determining the effect of a 50-minute
time saving because it directly reflects the effect of airport
location on air truvel. Utilizing the second method the equation
based on the Detroit Airport move was generalized to permit calculation
for any time saving. The resulting generalized equation used in cal-
culating VTOL passenger augmentation was:

(- -3 o
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where
V = augmentation factor
T = time saved (in minutes) by VTOL over CTOL
D = distance (in miles).
The increase in the total number of passengers is given by

Pa = (V-l)PS

a)
0

passenger increase and

Ps = VIOL passengers after split of initial CTOL passengers
between CTOL and VIOL service.
The total number of VIOL passengers after augmentacion is
represented by:

PV= VPS

vhere

Pv = VIOL passengers after augmentation.

The combined effects of basic CTOL traffic growth and VIOL
stimulation of air travel is shown in Figure 15, The basic CICL
traffic growth is shown by the three horizontal lines representing
the ratios of 1975 and 1985 CTOL traffic to the 1965 level of
passengers. The two curved lines represent ‘these ratios as a function
of intercity distance after the effect of VIOL stimulation. For
example, at an intercity distance of 100 miles, the 1985 total air
passengers would be 16.8 times the 1965 level. These curves are
based on a S0-minute total time saving per one-way trip by VIOL over
CTOL and equal air fares for both. Accordingly, these curves
incorporate the maximum practical VTOL stimulation effect. For the
slower types of VIOL aircraft the average time saved will probably be
less than 50 minutes; for all VIOL types the fares are likely to be
somewhat more than the CTOL fares. If the time saved by VIOL is less
than SO minutes or if the fares are higher than CTOL fares, the degree
of VIOL traffic stimulation would be reduced from that shown.
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EXPORT MARKET

To establish the total market for VIOL passenger transports it is
necessary to include an export quantity. A detailed analysis of

the foreign market by city pair was rejected because the aircraft
export market depends in large measure not on the pure economics of
the situation but con various international factors such as the
balance-of-payments, tariffs, subsidy of domestic aircraft industries,
and political climates. Accordingly, it was decided to estimate the
export market in a more generalized method. Sales of US short-haul
jet aircraft were selected as being the most similar product group
to the VIOL aircraft under consideration. Table 4 indicates the
cumulative sales of the Boeing 727 and 737, and the Douglas DC-9 to
domestic and foreign airlines as of September 1967. In accordance
with the past experience indicated by this table, the total market
is estimated at (1310 + 955) x domestic market. This is the
coefficient used in our analysis to account for foreign sales.

Table 4

EXPORT MARKET FOR SHORT-HAUL JET AIRCRAFT

Sales to Sales to
. Domestic Foreign Total
Aircraft Airlines Airlines Sales
Boeing 727 535 109 544
Boeing 737 130 59 189
Douglas DC-9 2990 187 477
Total 955 355 1310
43
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SAMPLE CALCULATIOMN

The tremendous volume cf calculationc requirec the use of a computer

to generate the results of the ctucy. Since the method of analysis

has been explained in the previous sections of the report, only a
sample hand calculation for Dallas-Houston in 1985 will be presented
here, as follows:

(1) The intercity distance = 225 statute miles. (Tnis distance
is assumel to be the same for both airports and vertiports.)

{2) 1965 number of passengers =236,000.

(3) 1965 number of passengers == 6.48 x 236,000 = 1,529,07C

(assuming CTOL service only).

(£) Esch caty is divided into 13 segments as shown in Figure 4.
Dallss segment #2 to Houston segment #1 will be used to
iliustraete the method of calculation by segment pair. 169 such
calculstions (13 segments x 13 segments) must be made for this
city csir. Depending on the size of the other cities, the number
of segments varied from five tc 21. The radial distance of each
ring ard the percent of the local origins and destinations of
pas<z2ngers within each ring are shown in Table 5.

Table 5

RADIAL DISTANCE AND PERCENT LOCAL ORIGINS AND
DESTINATIONS BY RING

Segment Racial Distance % Local OD's
City Rine Numbers (st.mi.) Within Ring
Dallas 1st 1 2.5 36:
2né 2,3,4,5 €.3 597
3rc 6,7.8,9 11.3 843
4th 10,11,12,13 17.1 100C
Houston ist 1l 2.2 462
2nd 2,3,4,5 5.8 61,
3rd 6,7,8,9 13.3 87y
4th 10,11,12,13 24.7 100

a. From Figure B7.
b. From Figure 36.
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() For each segment, the percent inhabited is estimated.

This is particularly important for cities adjacent to large
bodies of water. Dallas segment #2 was estimated to be 90

percent inhabited (Highland Park and White Rock Lake are located
in this segment). The other segments (#3, #4, #5) o1 the second
Dallas ring are all estimated to be 100 percent inhabited, as is

Houston segment #1.

(6) The number of passengers (assuming CTOL service only)

traveling between Dallas #2 and Houston #1 is calculated as

follows:

59% ~35% = 23% of Dallas OD's lie within the second ring.

Since segment #2 is only 90 percent inhabited,

=29 23% = 5.31% of Dallas OD!

390

s lie within segment #2

46% o~ Houston OD's lie within segment #1.

Therefure,

5.31 x .45 = 2.44% of all air travelers travel between

Dallas #2 and Houston #1, or

.0244 x 1,529,000 = 37,300 travelers will travel between

Dallas #2 and Houston #1.

(7) For each segment, ground times and costs to the nearest

airport and vertiport are determined as shown in Table 6.

Table 6
GROUND TIMES AND COSTS
Measure Dallas #2 Houston #1

oTOL

Distance to Airport (st.mi.) 5.8 9.7

Through City Traffic? Yes Yesa

Time to Airport (min.) 35b 43b

Cost to Airport ($) 2.02 2.64
VTOL

Distance to Vertiport (st.mi.) 4.4 1.1

Through City Traffic? Y’esa Yesa

Time to Vertiport (min.) 33b 16b

Cost to Vertiport ($) 1.80 1.26

a. Top line, Figure C1.
b. Figure C3.
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(8) Air fares and block times are determined as shown in
Table 7. A 90-seat fan or jet 1ift, price = $6 million, is
used as the VIOL aircraft.

Table 7
ATR FARES AND BLOCK TIMES
Aircraft Type Farz (§) Block Time (hr.)
CTOL 21.73% .79
90-Seat fan or jet lift b c
(price = $6 million) 26.50 .55

a. From Figure 5,
b. From Figure 1l.
c. From Figure A7.

(9) Total trip costs between Dallas #2 and Houston #1 are:

CTOL:

2.02 + 2.64 + 21.73 = $26.39
VTOL:

1.80 + 1.26 + 26.50 = $29.56

(10) Total trip times between Dallas #2 and Houston #1 are:

CTOL:
35 , 43 -
5 + 3 + .79 = 2.09 hr.
VTOL:
33 16 ce - -
-6_0-+-§6+ 035— .Lo37 hl‘.

(11) The cost of saving time by VIOL is:

29.56 = 26.38 _ 3.17 _ s, 4
5o T3~ gz = $4-40/hr.

(12) From Figure 1z, 92 percent of air passengers would be
willing to pay $4.40 per hcur saved. Hence, number of CTCL
passengers switching to VIOL would be:

.92 x 37,300 = 34,300.
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3 (13) The availability of VIOL service would stimulate the e
4 number of VIOL passengers. The percentage increase in the num-

E ber of passengers due to the additional time saving of VIOL is o

determined from the following formula:

: A% = kaTbeDT/(-c-hT) (From Appendix K) e

vhere
L a, b, ¢, e, h, and k are constants,

T = time saved by VTOL over CIOL (in minutes),

; D = distance, -and

P = number c¢f VIOL passengers before stimulation. <.

In our example, T = .72 x 60 = 43.2 minutes.

—
1]
‘

.é% = 115 x .728 x (43.2)’450

k]

X (2.718)225 x 43.2/(-260.9 -104.4 x 43.2) _ 59. 3. ..

. e

The number of VIOL travelers after stimulation is:

34,300 x (1 + .593) = 54,600. o

Ty ALy

(14) The number of VIOL passengers for the other 168 Dalias- .-
Houston segment pairs are similarly calculated and added. The
total number of VIOL passengers/year for all 169 segment
pairs = 1,540,000. .

: (15) From Figure Hi, the VIOL aircraft utilization is 2420
hrs./yr. Hence, each VIOL can make 2725/.55 = 4400 trips per year on
this route. At a load factor of .58, each VIOL can carry

.58 x 90 x 4400 = 230,000 passengers per year. Hence, number

of VIOL aircraft demanded is:

1,540,000 + 230,000 = 6.69.

(16) The nunber of passengers in each direction per year is
- 1,540,000 + 2 = 770,000. Assuning uniform scheduling throughout
the 365 days of the year, the daily round trip frequency is:

770,000  _
65 x .58 x 90 ~ 10-5-

EROENAC D IWE e, s rvvarapess -
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