

































































































































































































































































































































































































































































































































































































































































206
planning to operate its aircraft on high density routes;

otherwise it would adopt the Douglas DC-10.

CP Air made "an elaborate study of the financial,
marketing, operational and economic aspects of the two
aircraft types and decided to buy two Boeing B-747's at $29
million apiece in November 1972. Eighteen million dollars
was spent on ground eguipment. In addition to this, the
airline built a hangar for the Boeing B-747 in Toronto at an
estimated cost of between twelve to fourteen million
dollars. (Canadian Aviation, Nov. 1974, 40). The first
B-747 was to be delivered in December 1973 and the second in
April or late May of 1974. These aircraft were to be used
on high density routes such as Vancouver-Eastern Canada and
Vancouver-Tokyo-Hong Kong throughout the year, and on routes
to Hawaii during the peak holiday season. (Canadian

Aviation, May 1973, 30a).

Later on CP Air increased 1its order to four Boeing
B-747's which were delivered in 1974, It began its first
Boeing B-~747 service on the Vancouver-Tokyo-Hong Kong route
on December 16, 1973. It competed with Japan Air Lines
which provides Boeing B-747 service on this route. The
second Boeing B-747 was mainly wused in the Western
Canada-Honolulu market where it receives wide-body
competition from a number of airlines such as Western,

Braniff, Continental, Northwest and Aero American. Air

Canada and Wardair also provide indirect competition in
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TABLE 23

Average Sector Length of Route Systems of Air Canada and CP
Air (1965-1975)

Sector Length
(Miles)

Year |Air Canada |CP Air
1965 401 712
1966 427 740
1967 451 790
1968 493 769
1969 524 956
1970 544 1022
1971 548 978
1872 554 950
1973 570 991
1974 579 937
1975 613 919

Source: Dhruvarajan and Harris (1978).
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these markets. The third Boeing B-747 was allocated to the
North Atlantic market which includes service between
Toronto/Montreal and Amsterdam, Athens, Lisbon, Rome and
Milan. The first CP Air wide-body aircraft £flight on the
Toronto-Montreal-Rome route was made on April 27, 1975. The
airlines which provided competition on this route were Air
Canada, Lufthansa, KLM, SAS, Alitalia, Air France, BA,
Swissair, TAP and Iberia. The fourth Boeing B—747”was also
used on the North Atlantic routes. The airline was slow in
acquiring the wide-body aircraft because it then was boxed
in with few routes justifying such equipment. In addition,
the transcontinental capacity limitations would have forced
a frequency reduction or abandonment of service to certain
cities. (Chorley, June 1977, 29-30). The government policy
of restricting the airline's share to only a 25% traffic
share in the domestic transcontinental market combined with
the restriction on turnaround west of Edmonton or Calgary,
or east of Montreal, Toronto or Ottawa acted as the biggest
factor impeding the adoption of wide-body aircraft.
(Chorley, June 1977, 30). It forced the airline to operate
some sections of certain flights at odd times and hampered
it from offering a completely competitive product to the
travelling public. CP Air ordered four Douglas DC-10's with
the relaxation of domestic capacity limitations. These
aircraft were delivered in 1979 and were allocated to the

Pacific, Hawaiian and North Atlantic route (cp Air

1979-1980).
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One advantage 1in delayed adoption was that the airline
could learn from the experience of the operators that were
already using the technology. After placing orders for the
Douglas DC-10, the engineers of CP Air visited two major
groups of European airlines that had formed cooperatives for
using the Douglas DC-10. One such group is KSSU (KLM,
Swissair, SAS and UTA) and the other one is ATLAS (Alitalia,
TIA, Air France and Sabena). The team received a bonanza of
information on service problems, flight deck layout,
instrumentation and major overhaul experience. After
inspecting a KSSU Douglas DC-10 for a "D" check (20,000 hour
overhaul), CP Air recommended a series of modifications
which included additional corrosion protection for seat
tracks, galley floor beams, lower wing surfaces covered by
fuselage fairings, and horizontal and vertical stabilizers.
These modifications cost $155,000 per aircraft. Sixty seven
additional changes that were approved by the manufacturer
out of the eighty nine that were proposed by the airline,

cost another $85,000 per aircraft (Keith 1980, 36).

6.3.3 Ex Post Evidence

Over time, CP Air learned that it would be better off
keeping fewer aircraft types in its fleet. 1In addition, its
experience showed that the Boeing B-747 was too large for
its operation especially with increased competition due to

deregulation. In 1985, it decided to swap its Boeing

B-747's for Pakistan International Airline's Douglas
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DC-10-30"'s. This wide-body standardization, according to
President Donald Carty, was expected to increase aircraft
utilization, improve efficiency of flight training, reduce
inventories and 1lower engineering, maintenance, ramp and
inventory handling and training expenses. (Canadian
Aviation Dec. 1985, 4). The airline also expected to gain
$20 million from the disposal, and decreased investment in
B-747 parts inventory, maintenance and tooling equipment and
a flight simulator. Another 10% of annual saving in the
pilot salaries was expected as pilots flying the Douglas
DC-10 are paid less because it has one less engine and is
lighter than the Boeing B-747. (Canadian Aviation, Dec.
1985, 4).

6.4 WARDAIR

6.4.1 Origin and Nature of Present Network

Wardair International Limited?’! is one of the world's

largest supplemental airlines in terms of number of planes

and available seat miles. It 1is also the largest Canadian
charter carrier. The present name of this airline was
adopted on June 10, 1976. The airline was established as

Wardair Limited in Alberta on July 22, 1953 and was renamed
as Wardair Canada Ltd. on May 17, 1962. On August 28, 1967,
it was converted into a public airline. Now it is again a

private airline. Out of 1its 5,000,000 common shares in

71 A large portion of the following discussion 1is based on
the information extracted from Chorley (Dec. 1972).
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1977, Max Ward - founder and president - owns seventy three

percent which are worth $7,589,080.

Wardair 1is two airlines 1in one as it provides two
entirely different types of services namely, bush and
charter. The bush operation is not relevant for the present
study as wide body aircraft are not meant for such

operations.

Wardair is authorized to provide international charter
operation under licence class 9-4 from a number of major
Canadian cities including Vancouver, Edmonton, Calgary,
Toronto and Montreal to Europe, Mediterranean countries,

mainland U.S.A., Caribbean, Hawaii and Mexico.

Wardair carries out 1its business through a number of

subsidiaries. Some major ones are:

1. Wardair Canada (1975) Limited: It is the operating

arm of the airline and takes care of international
and charter business.

2. International Vacation Limited: It was involved in

the running of Trelawany Beach Hotel operation at
Montego Bay, Jamaica. It had be to phased out owing
to poor sales, but the airline is planning to revive
it.

3. Wardair Hawaii Limited: It was formed to ease the

tight condominium situation facing holiday travellers

that use the services of the airline.




4, Wardair (U.K.) Limited: It is a licensed air tr

organization based in London, England.

Being a charter carrier, Wardair has to operate u
special regulatory constraints. At the time of introduc
of wide-body aircraft, Wardair had to operate under

following limits:72

1. Sixty day advance booking 1is required for Adva
Booking Charter (ABC) travellers.

2. A carrier is not permitted to pick up passenger
more than one point in Canada when operating ABC.

3. Inclusive Tour Charter (ITC) travellers must no
mixed with ABC passengers on the same aircraft.

4., Variable return dates are not allowed.

5. Canadian origin passengers must not be flown

foreign origin passengers on the same aircraft.

In addition to these restrictions, Wardair was barred
operating on transatlantic mainline routes and from mo
any freight. These regulations were slightly relaxe

1978. After 1978, Wardair was allowed to offer vari
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aircraft low which in turn has as adverse 1impact on

72 gee Wardair (1975).

73 gee Wardair (1978-79).
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airéraft operating costs and airfares. Higher airfares keep
travel demand at a lower level in a charter market where
price elasticity of demand is farely high. Such regulatory
constraints, therefore, reduce the need for high capacity

aircraft.

The Advance Booking Charter (ABC), which came into being
in January 1973, provided a major opportunity to the airline
for growth. By 1976, 61% of the carrier's revenue was
generated by ABC. The ITC contributed 32%, domestic charter
brought 3% and the other four per cent was earned from other

miscellaneous operations.

6.4.2 Selection of Wide—-Body Aircraft

Wardair was a purely non-scheduled airline at the time when
the first of the wide—body jets were being offered for sale.
The company entered the long range market in 1966, after
nineteen years of service. Becoming a public airline
enabled it to buy its first Boeing B-707-320C in the same
year.’% It acquired its second Boeing B-707-320C in 1969.7°%
The first wide-body aircraft (Boeing B-747) was added to its
fleet in 1973, for which financing was arranged through IBM
Leasing and Financing Company Ltd. The agreement involved
repayment of twenty seven million dollars over a period of

ten years. This purchase, it seems, was triggered by the

74 gee Wardair (1967).

75 gee Wardair (1969).
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emergence of the ABC operation which provided a tremendous
opportunity to the airline for growth.?’® The Boeing B-747
together with two Boeing B-707's was mainly to serve the
North Atlantic, Caribbean, Mexico and Hawaii markets. The
airline was hoping to introduce higher standards of luxury
in these markets with the acquisition of the Boeing B-747.
Expected high utilization rates of the Boeing B-747 were to
provide solid financial returns.’’ The experience of the
airline in 1973 showed that the Boeing B-747 was the right
aircraft for 1its intercontinental routes.’® Another Boeing
B-747 was added on December 12, 1974, 1In the same year, the
Canada-U.S. bilateral agreement enabled the airline to offer
service to Florida, California, Arizona, Nevada, Puerto Rico
and U.S. Virgin Islands.’® 1In order to meet the growing
demand, Wardair ordered two more Boeing B-747's and two
Douglas DC-10-30's%° in 1974 to be delivered between May
1978 and March 1979. These aircraft replaced Boeing B-707's
and enabled the airline to provide a complete wide-body

service on intercontinental routes.?8!

76 Before ABC, a traveller had to belong to a group for at
least six month period prior to the commencement of
travel. This kept the demand for charter travel low and
prevented the charter operators from acquiring high
capacity wide-body aircraft.

77 See Wardair (1972).
78 gee Wardair (1973).

7% gee Wardair (1974).

80

Wardair was the first airline in Canada to order and
receive a Douglas DC-10.
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The history of Wardair shows that i£ has a strong
preference for the wide-body aircraft. The airline has gone
from no wide-body service in 1972 to a full wide-body
service in 1978 on its medium and long range routes. The
advantage of the wide-body aircraft is quite obvious for a
charter operator. At high load factors, the wide-body
aircraft have very 1low seat mile or ton mile operating
costs.” This enables the airline to offer cheaper airfares
in the highly competitive charter market. Low airfares in
turn stimulate the demand®? for air travel thereby helping
the airline to attain even higher load factors. However,
high 1load factors alone do not assure lower seat mile
operating costs. The airline must also simultaneously
attain sufficiently high utilization rates. The average
daily aircraft utilization rate for entire fleet of Wardair
was 11.6 hours in 1977.83 fThis 1is much higher than the
similar average daily utilization rates of 7.52 hours for

Air Canada and 9.35 hours for CP Air.8%

81 See Wardair (1976).

82 According to Department of Trade estimates, the price
elasticity of leisure travel varies between -2.2 and -4.6
as opposed to -0.9 for the business travellers.

83 See Wardair (1977).

84 Calculated from Dhruvarajan and Harris (1978, 143-4),.
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6.4.3 Ex Post Evidence
The mainline domestic operation of the airline has been
undergoing some changes due to the changing regulatory and
competitive environment. The airline is now permitted to
operate on domestic mainline routes, carry freight and offer
nonscheduled service. The attitude of the airline toward
the size of aircraft has also changed as a consequence of
all these changes in its operating environment. Wardair now
prefers smaller aircraft than jumbos so as to be able to
provide a higher service freguency. However, the airline is
still interested in the aircraft that have operating costs
comparable to the jumbos. This 1is because the airline
expects to remain mainly a charter carrier in the near
future. Since the airfares in the charter operation are
almost half of the economy rates of scheduled carriers, the
airline needs aircraft that have lower seat mile operating

costs.

The changing priorities of Wardair are quite evident from
its recent purchase of Airbus A-310's. 1In order to meet the
growing demand on medium range (mainly domestic) routes, it
ordered six 222-seater 3,000 nautical mile ranged Airbus
A-310-200's in 1980 which were to be delivered on various
dates between October 1983 and Spring 1985. The airline
also bought the option for another six aircraft to be

acquired 1in 1986.85 Eighty five percent of $300 million

85 gee Wardair (1980).
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required to acquire the first six Airbus A-310's came from a
Consortium of European Banks at 10% rate of interest. The
airline chose the the Airbus A-310 over the Boeing B-767 for

the following reasons:

1. The Airbus A-310 had 1lower seat mile operating
costs.86

2. Wardair plans to be more active in the air freight
market. According to the airline, the Airbus A-310
is a better freighter.

3. The Airbus A-310 1is expected to be very reliable
being a derivative of a highly reliable aircraft
Airbus A-300.

4. The aircraft enables the airline to offer a greater
service frequency as compared to the high capacity
wide-body aircraft.

5. Highly sophisticated avionics make it an

easy-to-operate aircraft. (Canadian Aviation 1981).

86 The Airbus A-310 has lower seat mile operating cost on
relatively shorter distances such as the domestic routes
in Canada. The Boeing B-767 on the other hand is more
economic on the longer routes. (Canadian Aviation, May
1981, 18-19).
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6.5 CONSUMER'S POINT OF VIEW

Wide-body aircraft have great consumer appeal because of
their spacious cabins which are about twice as wide as the
traditional narrow-body aircraft (Table 24). Because of
their wide cabins, the wide-body aircraft are believed to
give a comfortable roomy look rather than a suffocating tube
like appearance. Moreover, the "thrill" of travelling by a
new aircraft type, which had never been flown, added to the

attraction of these aircraft for the consumer.

Airfare is another important factor influencing the level
of consumer's satisfaction which might have been affected by
relatively lower operating costs of wide-body aircraft as
shown in Tables 17, 18 and 19. The airfares would generally
fall with reduction in the operating cost per passenger for
a given trip unless the demand is completely inelastic which
is generally not the case in the airline industry. The
lower fares in turn increase the consumer's surplus and
consequently improve the level of their satisfaction.
However, it is quite possible for the seat-mile operating
cost to increase with the introduction of the wide-body
aircraft. Airlines operating in competitive markets may
offer wide-body service even when the narrow-body aircraft

have lower seat mile operating costs.®’

87 guch a situation 1is not expected to prevail 1in the long
run especially when not much consumer appeal is involved
as competition will force the inefficient aircraft out of
the market. As mentioned in the literature survey
chapter, Eads (1972, 188-90) noted that local airlines in
the United States wused larger than optimal size of




219
TABLE 24

Cabin Width of Long Range Wide/Narrow Body Jet Aircraft

Cabin Width

Alircraft |Feet |Inches

B-747 20 1.5
L-1011 18 11.0
DC-10 18 S.0
B-707 11 8.0
DC-8 11 8.0

Source: Green and Swanborough (1982), and Taylor (1974).
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Travel time, another important factor affecting the
consumer's wutility, has not changed by any significant
amount with the introduction of the wide-body jet aircraft.
Wide-body aircraft have slightly increased the travel time
on the shorter routes. A Douglas DC-8, for example, takes
less time than a Boeing B-747 or a Lockheed L-1011 on short
distance route segments such as those for Halifax-St.John's,
Antigua-Bridgetown, Bridgetown-Port of Spain,
Paris-Frankfurt and Frankfurt-Copenhagen, etc. (Table 14).
On the other hand, the wide-body aircraft take less time
than the Douglas DC-8 on longer routes such as
Toronto-Vancouver, Toronto-London, Los Angeles-Toronto,
London—-Montreal, Paris—Montreal, Toronto~Antigua, and
Montreal-Zurich.®® There is not much difference in block
times of the wiae—body and the narrow-body aircraft on the
medium distance routes. A Boeing B-747, for example, takes
exactly the same time as a Douglas DC-8 between Vancouver
and Winnipeg. The difference between the travel times of
the three aircraft types results from the difference in

their ascending, descending and cruising times.

aircraft under the rate-of-return regulation.

88 cp Air flight CP 381 takes 10 hours 45 minutes on
Wednesday when it uses Douglas DC-8-63 between Vancouver
and Amsterdam which is a distance of 4873 miles. The
same flight on Thursday uses a Boeing B-747 which takes

only 9 hours and 55 minutes on the same route (CP Air
1979-80, 25).
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Since fewer trips are needed to carry a given amount of
traffic by wide-body aircraft, it 1is possible that their
introduction might have reduced the frequency of service and
consequently, increased the waiting time on any given route.
Wide-body aircraft, on the other hand, have lower seat mile
operating costs than the narrow-body aircraft. If this cost
reduction is transferred to the customer in the form of
lower airfares, there would be an increase in the amount of.
travel. The additional capacity required to meet this
increased demand may counteract the earlier effect of
aircraft size on that lowers service frequency. Although it
is not possible to speculate whether, on net, the service
frequency will increase or fall, it can, however, be
concluded that the effect of increase in demand due to lower
airfares will be large on routes which are mainly dominated

by leisure travel.

The wide-body aircraft were also safe compared to the
first generation jets. In case of a stall, the first
generation jets would drop on one wing whereas wide-body
aircraft dive on their noses and level off as the speed

increases (RKuter, 92-3).

Finally, the impact of wide-body aircraft on the level of
cabin noise should not be ignored. These aircraft use
quieter engines than the previous generation narrow-body

aircraft, and therefore, have improved the 1level of

consumer's satisfaction by reducing noise in the cabin. As
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has been pointed out earlier, the Lockheed L-1011 has an
additional advantage in reducing the cabin noise because its

engines are located far from the fuselage.

6.5.1 Consumer Appeal and Choice of Wide-Body Aircraft

The spaciousness of the wide-body aircraft was one of the
major reasons why a large number of airlines were extremely
anxious in acquiring them at the time when they were first
being offered for sale. Moreover, wide-body aircraft
enabled the airlines to differentiate their product by
showing movies in the roomy cabins. Wide-body aircraft also
had an additional element of consumer . appeal because of
their superior freight capabilities as compared to the
previous generation narrow-body aircraft. The firms
operating in differentiated oligopoly environment could not
afford to lose market shares and consequent profits by not

adopting the aircraft with strong consumer preference.

A number of surveys were conducted in the early 1970's to
gather information from the consumers regarding their
opinion about the wide-body aircraft (Kuter 1973, 125-130,
and Geddes May 1972, 456). In a survey that was conducted
in the spring of 1970, right after the introduction of the
Boeing B-747, eighty-five percent of the passengers reported

that they preferred it over the narrow-body aircraft. The

preference fell to seventy-six percent by the summer of the
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same year and to seventy-one percent by the winter of
1970-71. This decline 1in the popularity of wide-body
aircraft among the consumers was caused by a number of bugs
in the new aircraft. The failure of the multiplex
entertainment procedure annoyed many customers by scrambling
the different types of music and movie audio or by a
complete failure of the sound system. A new light-weight
multiplex sound system was designed to replace several miles
of wiring in the airplane. The system was complex and
consisted of 668 components with hundreds of transistors in
each. Because of this complexity, it took a long time to
rectify the problem. The reliability of the system improved
by eight-hundred percent by the end of 1971 due to a better
equipment, a more careful testing and improved installation.
Other problems at the time of introduction of the Boeing
B-747 included departure delays due to incomplete or
unorganized terminal facilities, delay due to accidently
deployed emergency chutes, delay due to engine changes,
guantities of lost baggage in large containers, and delays
and inconvenience caused by the lack of adequate training or
experience in the staff. The vunhappy customers began to
return in the second year of service as the personnel became
better trained and more experienced, and a number of other
bugs were removed. The consumer preference edged up to
seventy-three percent in the spring of 1971 and reached

eighty-nine percent by the end of 1971 summer.
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Although the majority of business and pleasure travellers
had a high preference for the wide-body aircraft, the latter
had relatively stronger preference than the former. Out of
the 3,290 pleasure travellers who responded to a survey that
was conducted in early 1971, 86.5 percent expressed their
preference for the Boeing B-747 over the narrow-body jets,
51.4 percent strongly, 29 percent moderately and 6.1 percent
slightly. Among 2,361 business travellers who responded to
the survey, 81.2 percent said they preferred the Boeing
B-747 over the narrow-body aircraft, 38.5 percent strongly,

31.9 moderately and 10.8 percent weakly.

A survey of travellers on the North-Atlantic route in the
summer of 1971 revealed that 64 percent of all categories of
Boeing B-747 travellers said they felt less fatigued in the
big airplane, 32 percent felt about the same degree of
fatigue than the narrow-body aircraft, but, 4 percent felt

more fatigued in the wide-body aircraft.

It should be pointed out here that although surveys show
strong consumer preférences for the wide-body aircraft, not
everyone agrees that wide-body aircraft, on balance, have
improved the level of satisfaction of the consumer. Sampson
(1980, 128), for example, finds a similarity between the
passengers travelling in a wide-body aircraft and the slaves
of the eighteenth century as both are packed very close to

each other. With an increase 1in seating density, the

wide-body airliners are beginning to look like a fast-food
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outlet or a crowded theatre. The air traveller hardly gets
a "thrill" of travelling in the traditional sense.
Passengers in the middle section are completely out of touch
with the outer world and hardly have any sense of travelling
at all. However, it is quite possible that some may prefer

the middle section of the aircraft.

Although the estimates of this chapter show an operating
cost advantages of the wide-body over the narrow-body
aircraft, these estimates 1involve a great deal of
uncertainty. The airlines had first-hand experience with
the narrow-body aircraft and therefore were gquite aware of
their operating costs. The airlines could have waited a
little longer at least until a more reliable operating cost
estimates became available before risking 18-24 million
dollars apiece on wide-body aircraft 1if consumer appeal had
not been a major factor. This can be observed from Air
Canada's acquisition of the Boeing B-747. At the time of
decision, the airline realized that the operating cost
advantages of the aircraft would be outweighed by the cost
involved in introducing this new type of aircraft in the
fleet. However, since all its competitors had decided to
equip with these aircraft, the airline felt it would be left
behind if it did not acquire the aircraft with great appeal
for the consumer because of their roomy cabins (Smith 1986,

268). The consumer appeal was also an important factor in

the choice of the Lockheed L-1011 (Canadian Aviation,
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January 1969,'38). There is also no reason to believe that
consumer appeal had no influence on CP-Air's and Wardair's
choice of wide-body aircraft. CP Air waited a bit longer
before acquiring the wide-body jets, not because of lack of
consumer appeal, but because of its unsuitable network. The
airline adopted these aircraft as soon as it received a more
equitable route assignment. The influence of consumer
appeal on the selection of wide-body aircraft by Wardair
which thrives on the non-business traveller market, cannot
be disputed especially when surveys indicate a very strong
preference of the pleasure travellers for the wide-body

aircraft.

It can be concluded from this discussion that consumer
appeal rather than cost advantage was decisive in
introducing the wide-body aircraft for Air Canada and CP Air
while low unit costs in charter operation enabled Wardair to

exploit latent consumer interest in holiday markets.

6.6 SOCIETY'S POINT OF VIEW

Canada did not produce any aircraft that were comparable
with the wide-body aircraft. The only option that was
available to the Canadian airlines was to operate long range
narrow-body jets such as the Boeing B-707, Douglas DC-8 or
Douglas DC-8-§ instead of wide-body aircraft. The

government would have prefered those aircraft which require

least outflow of funds from the country. In the case of Air
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Canada, the airline would have caused a loss of foreign
exchange worth $52,013,200 ($504,648,000-$452,634,000) if it
had chosen to operate narrow-body instead of wide-body

aircraft. (Tables 25 and 26).8°

Some investment in airports and ground eqguipment was
necessary in order to accommodate the wide-body aircraft.
The ground equipment that was wused for narrow-body aircraft
was not adequate for the wide-body aircraft because of the
difference in their dimensions. Passenger doors, for
example, were six feet higher off the ground and fuel
requirement was three times as high in the case of wide body
aircraft. What used to be a walk around inspection became a
drive around inspection on a special piece of eguipment
which could lift mechanics, inspectors and flight engineers
up to the area they had to inspect. About fifty different
pieces of ground equipment were required to service a B-747
during a routine transit. The cost of this equipment ranged
from $1500 each for the cargo container dollies to $125,000
for a tow truck. Any airport expecting to handle the
wide-body aircraft had to invest at least a million dollars
on ground equipment and terminal reconstruction (Flanagan
1969, 1662). Although wide-body aircraft could operate from
the existing runways, taxiways had to be widened by 30 feet.

This was expected to cost about $239,000 (Department of

89 The assumption here is that this saving of funds does not
crowd out any exports from the country. If there is any
such crowding out, these figures must be adjusted to
estimate the true benefits or costs.
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TABLE 25

Number and Cost of Wide-Body Aircraft including Spare Parts

|
|
1
|
|
.
.

(in 1972 dollars)

B-747/B-747-UD L-1011

Year |No. cost (%) No. Cost ($§) Total Cost (§)

5 129,095,000 6 112,417,200 241,512,200

3 56,208,600 159,484,600
51,638,000

1872
1873 4 103,276,000

1974 2 51,638,000

284,009,000 168,625,800 452,634,800

Note: The number of a given type of aircraft required in
a given year are taken from the author's estimates of

Table 15.

Source: See Boeing (1970) for cost data.
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TABLE 26
Number and Cost of using Douglas DC-8-S and Douglas DC-8-F

including Spares instead of Wide-Body Aircraft

(in 1972 dollars)

No. of Douglas DC-8-S/DC-8-F Required
Year Instead of
B-747|B-747-UD|L-1011|Total |Additional Cost of
Acquisition
1972 12 8 20 20 234,720,000
1973 13 10 14 37 17 195,512,000
1974 16 13 14 43 6 70,416,000
43 504,648,000

Note: The number of a given type of aircraft required in
a given year are taken from the author's estimates of
Table 16 (Scheme 3), Table 18 (Scheme 3) and
Table 20 (Scheme 2)

Source: See Boeing (1970) for cost data.
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Transport 1968, 1103).

Aircraft noise around airports and low level airways
causes a lot of discomfort to the general public. At Los
Angeles airport, for example, an amount of about $2.5
billion in claims is pending in law suits based on airport
noise. The airport has spent about $74 to $100 million to
buy up the land around the airports. The city also had
plans to spend $25 million to sound proof schools in the

vicinity of the airport (Perreautt 1974, 106).

The cause of community complaints at the time of the
introduction of the Boeing B-707 and the Douglas DC-8 was an
irritating high pitched whine at approach power. Wide-body
aircraft have significantly reduced the noise problem as
they use much quieter engines than the previous generation
narrow-body aircraft such as the Boeing B-707 and the
Douglas DC-8. In addition, the wide-body aircraft, because
of their size, require fewer trips to transport a given
payload, which in turn, means that the number of times the
public has to put up with the noise is smaller. In
addition, the level of airspace congestion at the airports
is also relatively low due to the reduction in the number of
flights. Moreover, fewer new airports are required to

accommodate the growing traffic which saves a substantial

amount of social investment.
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The impact of the wide-body aircraft on employment is
difficult to judge. The high capacity wide-body aircraft
require a flight crew of three instead of the four needed to
operate the first generation jets. In addition, fewer
flights are required to carry a given payload. Both these
factors act to reduce employment. However, the lower seat
mile operating costs and consequent lower airfares may have
stimulated the travel demand, and therefore 1increased the
demand for labour. The net effect of wide-body aircraft on
crew demand is therefore not clear. In addition, there is
no guarantee that jobs will be maintained if airlines do not
adopt the wide-body aircraft because, if a certain airline
does not adopt aircraft with consumer appeal but competitors
do, it is bound to loose a portion of its market share which
will in turn reduce the demand for labour. The experience
of Canadian airlines suggests that the adoption of wide-body
aircraft has generally stimulated the demand for labour. CP
Air, for example, went through the largest pilot hiring and
retraining program when it purchased its first two B-747's
in 1973. It needed 54 pilots to keep these two aircraft in
operation (Canadian Aviation, May 1973, 30a). The airline
needed 105 pilots in order to obtain the desired 11 hours of
daily utilization rate from its Douglas DC-10's. The Airbus

A-310 purchase by Wardair created 125 flying jobs (Canadian

Aviation, May 1981, 19)
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The demand for the cabin and the ground staff generally
has a direct relationship with the volume of traffic.
Depending upon the direction in which the travel demand
changes due to the introduction of wide-body aircraft, the
demand for cabin staff, baggage handlers, ticket clerks and
other ground personnel will change in the same direction.
The wide-body aircraft have most likely increased the demand
for travel by reducing the operating cost and consequently
the airfares, and by reducing the 1level of cabin noise and

providing more comfortable roomy cabins.

The impact of wide-body aircraft on maintenance workers
is not clear. Being more modern and more reliable, the
wide-body aircraft may require fewer maintenance checks than
the previous generation narrow-body aircraft. As a result
of this, the demand for maintenance workers is expected to
fall. However, the increase in travel demand as a result of
the introduction of wide-body aircraft may increase the
number of aircraft 1in operation thereby raising the demand
for maintenance workers. Whether the travel demand will
increase or fall depends upon the relative magnitudes of the

two opposite forces acting on the demand for maintenance

staff.

The Canadian government had an offset program in the
seventies which encouraged 1investment in the country in

return for purchase of foreign produced aircraft. The

purchase of wide-body aircraft also brought subcontracts to
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Canadian firms which created more jobs. The 1977 order of
CP Air for four Douglas DC-10's provided employment to 550
people for one year at Douglas Aircraft of Canada Limited
(Canadian Aviation, Dec. 1977, 26). The construction of new
terminals, hangars and maintenance facilities to accommodate
the wide-body aircraft also created an unknown number of

jobs in the country.

Air Canada's purchase of the Lockheed L-1011 in the early
seventies brought an estimated $100 million worth of orders
for Canadian firms. A 1list of firms involved and their

shares of work are shown in Table 27.

Finally, the use of modern wide-body aircraft by Canadian
firms has brought pride to Canada, for which it is not

possible to allocate any dollar value.
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TABLE 27

Canadian Involvement in Lockheed L-1011 TriStar
Northwest Industries Limited, Edmonton: Cabin floor

section, pressure bulkheads, nose wheel doors and air
conditioning ducts.

Fleet Manufacturing Limited, Fort Erie, Ontario: Main
landing gear doors, engine cowlings and aircraft upper
body.

Williams Machine Division of Havlik Enterprises,
Preston, Ontario: Passenger door tracks.

Atlas Titanium Limited, Welland, Ontario: Titanium
plate.

W. R. Elliot, Limited, Kitchener, Ontario: Landing gear
components.

Bristol Aerospace Limited, Winnipeg: Huge S-duct which
carries air to the centre-mounted engine.

Coldstream Products of Canada Limited, winnipeg:
Refrigerator and cold storage units.

CAE Industies Limited, Montreal: L-1011 flight
simulator.

Heroux Limited, Montreal: Landing gear components.

United Aircraft of Canada Limited, Montreal: UACL PT-6
turbine engine for auxiliary power unit.

Alcan Aluminium Limited, Montreal: Wrought aluminium
tool plate.

Source: Canadian Aviation [Feb. 1973, 42].




Chapter VII

SUMMARY AND CONCLUSION

This thesis analyses the adoption of wide-body aircraft by
three Canadian airlines, namely Air Canada, CP Air and
Wardair from the points of view of the airlines, consumers
and government. The thesis reveals the influence of various
economic factors on the adoption of technologically optimal
aircraft with a special reference to the Canadian airline
industry. The specific focus of the study 1is late 1960's
and early 1970's when wide-body aircraft were first
introduced. A structure, conduct and performance framework

is basis of this study.

A literature review dealing with the economics of
technological change and economics of air transport was

performed to gain understanding of current knowledge in this

field. It was found that studies pertaining to innovation,
diffusion, optimal technological change, technological
change and regulation, and technological change in the

airline and aircraft manufacturing industries were most
relevant in this thesis. The survey revealed a number of
hypotheses that express the relationship between
technological change and economic factors such as cost,

demand, market structure, competition, monopoly power,

- 235 -




236
requlation, uncertainty and profit potentials. The evidence
supporting these hypotheses was, however, often
inconclusive. The review showed a scarcity of a general
treatment of economics of optimization of technological
change and, in particular, specific studies of air
transport's optimization in airline, consumer and social

settings.

In order to understand the impact of technological change
on airlines, it was necessary to study the economic
differences among airlines and aircraft. It was pointed out

that airlines can be differentiated in a meaningful manner

on the basis of their route structures, service types and
markets served, and aircraft can be distinguished 1in
economic terms on the basis of their size, speed and

utilization rates.

The thesis also discussed a number of technical,
financial and economic factors which can be considered in
order to evaluate a given type of aircraft. The evaluation
of aircraft on an individual basis was shown to be
inadequate as the selected aircraft must fit into an airline
system of routes and traffic. This requires a systems
analysis within which an airline simultaneously offers
several different types of services in many different
markets and operates several types of aircraft at any given

time. A framework was developed in this thesis to simplify

the analytical process by dividing supply and demand into
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mutually exclusive components of airline markets and

aircraft types.

It was shown with the help of theoretical arguments that
the technologically optimal fleet may differ for airlines
operating in differing competitive environments. The impact
of technological change in aircraft on consumers and society
was discussed and a number of factors were outlined which
can be used to evaluate the technological optimality of a
given type of aircraft from the points of view of consumer
and government. A number of situations such as slack
management, an adverse impact on profits, a poor financial
situation, lack of competition and excess adoption were
found responsible for limiting the transfer of benefits of a
new technology to consumers and the public. This study also
outlined a framework which explains the interaction among
various institutional components of society to influence the

aircraft selection in their favour.

The thesis also developed a procedure which utilized the
annual aircraft operating cost data from a Boeing(13970)
report prepared for Air Canada to compare the economics of
various long range jet aircraft. Information about planhed
service frequency and load factors on specific routes where
wide-body aircraft were found desirable by Boeing and Air
Canada was used to estimate wide-body aircraft requirement

for Air Canada for 1972-74 period. These estimates were

compared with a number of alternate fleet schemes to
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determine cost efficiency. Although the study showed that
wide-body aircraft had some cost advantage over narrow-body
aircraft, the main reason for their adoption by Air Canada
and CP Air was their strong consumer appeal. Wardair
acquired wide-body aircraft to take advantage of their lower
seat mile operating cost in order to exploit the latent

consumer demand in the tourist market.

The wide-body aircraft have benefited the consumers by
providing spacious cabins, improved safety standards,
reduced cabin noise and lower airfares. They have also
benefited society by reducing the congestion of airways, and
lowering noise around airports. They have also provided
employment and reduced outflow of funds from the country.
Both of these were perceived as benefits to society by the

government of Canada.

Finally, to sum up the findings of this thesis, the
airlines involved were operating as oligopolies in
product-differentiated markets. Their operating environment
was controlled by population distribution and government
with respect to routes and price competition. The wide-body
aircraft technology that was studied in this thesis had
built-in preferences. Long lead times and uncertainty had
impact on fleet acquisition. There were problems of product
adaptation as different airlines had different systems.

Cost advantages of the wide-body aircraft were only moderate

compared to the narrow-body aircraft. Consumer preference
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in an oligopoly setfing was strategic in investment.
Wide-body aircraft had externalities which affected the
society's welfare and government offset program had
manufacturing implications. Despite the problem of product
adaptation, consumer preferences were sufficient to induce
airlines to adopt the wide-body aircraft. Since wide-body
aircraft have a large capacity and are expensive, the large
firms were in a better position to adopt them. Profit
potentials and competition were also important as airlines

introduced wide-body aircraft on those routes which were

most profitable and where rivalry was most intense.




ABBREVIATIONS

ABC: Advance Booking Charter.

A-300: Airbus Industrie A-300.

A-310: Airbus Industrie A-310.

Air France: Compagnie Nationale Air France, France.
Alitalia: Alitalia Lines Aeree Italiane, Italy.

ATLAS: Alitalia, Air France, Lufthansa, Iberia and Sabena.
B-707: Boeing B-707.

B-727: Boeing B-727.

B-737: Boeing B-737.

B-747: Boeing B-747.

B-747-UD: Boeing B-747 (Upper Deck). Also known as B-747
Combi.

B-767: Boeing B-767.

BA: Brymon Airways, United Kingdom.

BAC: British Aircraft Corporation.

BOAC: British Overseas Airways Corporation, U.K.

CP Air: Canadian Pacific Airlines, Canada. (Now it is
known as Canadian Airlines International).

CAB: Civil Aviation Board, U.S.A.

Comet 1: de Havilland (later bought by Hawker Siddeley)
Comet 1.

Concorde: BAC and Sud-Aviation Concorde.
CF-5 or CF-5A: Lockheed CF-5 or Lockheed CF-5A.
Constellation: Lockheed Constellation.

DC-3: Douglas DC-3.
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DC-4: Douglas DC-4.
DC-6: Douglas DC-6.
DC-7: Douglas DC-7
DC-8: Douglas DC-8.
DC-8-F: Douglas DC-8-Freighter.
DC-8-S: Douglas DC-8 Stretched.
DC-9: Douglas DC-9.
DC-10: Douglas DC-10.
DHC-7 Dash 7: de Havilland Canada DHC-7 Dash 7.
DHC-8 Dash 8: de Havilland Canada DHC-8 Dash 8.
DOC: Direct Operating Cost.
FAA: Federal Aviation Administration, U.S.A.
FAR: Federal Aviation Regulation, U.S.A.
Hr. or hr.: Hour.
IATA: International Air Transport Association.
Iberia: Lineas Aereas de Espana, SA., Spain.
ICAO: International Civil Aviation Organization.
I0OC: 1Indirect Operating Cost.
Irish:s Aer Lingus Republic of Ireland.
ITC: 1Inclusive Tour Charter.
JAL: Japan Air Lines Co. Ltd., Japan.
KLM: KLM Royal Dutch Airlines, Netherlands.
KSSU: KLM, Swissair, SAS and UTA.
LA: Los Angeles, U.S.A.
L-1011: Lockheed L-1011 TriStar.

Mph or mph: Miles per Hour.

P&W: Pratt and Whitney.




Pan Am or Pan American: Pan American World Airways Inc.,
United States.

R&D: Research and Development.

Sabena:

Sabena Belgium World Airlines, Belgium.

SAS: Scandinavian Airlines System, Scandinavia.

STOL: Short Take-Off and Landing Aircraft.

Swissair:

Swiss Air Transport Co. Ltd.,Switzerland.

TAP: Transportes Aereos Nacionales, SA, Honduras.

TOC: Total Operating Cost.

Tu-144:

Tupolev Tu-144,

UTA: Union de Transports Aeriens, France.

VTOL: Vertical Take-0Off and Landing Aircraft.

Wardair:

Wardair International Limited, Canada.
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GLOSSARY OF ECONOMICS TERMS

Adoption: the primary process or mechanism by which an
innovation is diffused (Mansfield 1971).

Deregqulation: the removal of some or all of the controls
that were previously imposed by the regulatory
authorities.

Diffusion: wide-spread acceptance of an invention (Sahal
1981).

Economic Regulation: control of any one or more of prices,
rate of return, entry and exit, service standards,
financial structure, accounting methods etc., by a
regulatory authority.

Externality (Positive or Beneficial): an economic effect
that causes individual benefits to others with no
corresponding compensation provided to or paid by those
who generate the externality (Baumol, 1985).

Externality (Negative or Detrimental): an economic effect
that causes damages to others with no corresponding
compensation provided to or paid by those who generate
the externality (Baumol, 1985).

Game Theory: an analyses of the behaviour of competing
firms mathematically, treating it as analogous to the

strategies of rival players in a competing game (Baumol
1985).

Gross National Product: the sum of the money values of all
final goods and services produced by the economy during a
specified period, usually one year (Baumol 1985).

Indifference Curve: a line connecting all combinations of
commodities that are equally desirable to the consumer
(Baumol 1985).

Innovation: an invention applied for the first time
(Mansfield 1971).

Invention: the act of generating a new idea (Baumol 1985).
Marginal Cost: the increase in the firm's total cost

required if it increases its output by an additional
amount (Baumol 1985).
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Marginal Revenue: the addition to total revenue resulting
from the addition of one unit to total output (Baumol
1985).

Market: a set of sellers and buyers whose activities affect
the price at which a particular commodity is sold.

Monopoly: an industry in which there is only one supplier
of a product for which there are no close substitutes,
and in which it is difficult or impossible to coexist
(Baumol 1885).

Moral Hazard: tendency of insurance to discourage policy
holders from protecting themselves from risk (Baumol
1985).

Oligopoly: a market dominated by a few sellers, at least
several of which are large enough relative to the total

market to be able to influence the market price (Baumol
1985).

Optimal Aircraft: see Technologically Optimal Aircraft.

Production Possibilities Frontier: a graphical presentation
of the different combinations of various goods that a
producer can turn out, given the available resources and
existing technology (Baumol 1985).

Strong Uncertainty: a condition where predictions cannot be
made as to when particular dilemmas will arise or how
they will arise (Klein 1977, 38).

Technigue: a utilized method of production (Mansfield,
1971).

Technology: society's pool of knowledge regarding
industrial arts (Mansfield, 1971).

Technological Change: the advance of technology, such
advance often taking the form of new methods of producing
existing products, new designs which enable the
production of products with important new
characteristics, and new techniques of organization,
marketing and management (Mansfield, 1971).

Technologically Optimal Aircraft: aircraft that maximize
profit for firm, maximize utility for consumers, and
maximize welfare for society.

Utility (Total): measured in money terms it is the maximum
amount of money a consumer is willing to give in exchange
for a quantity of goods or services (Baumol, 1985).




245

Uncertainty: a condition where definite prediction about
the state of the world can not be made on the basis of
initial conditions.




GLOSSARY OF AIRLINE AND AIRCRAFT TERMS

Aerodynamics: the branch of fluid mechanics dealing with
air (gaseous) motion, and the reactions of a body moving
within that air.

Aerofoil (Airfoil): a body or structure shaped to obtain
and aerodynamic reaction when travelling through the air.

Air Cargo: all commercial air express and air freight
exclusive of airmail and air parcel-post.

Air Carrier: aircraft operators licenced by the appropriate
licencing authority of a country to transport by air,
persons, property, and mail.

Air Carrier Operations: revenue and operating activities of
all licenced air carriers.

Aircraft: any vehicle which moves through the air -
balloon, airship, glider, kite, aeroplane (or airplane) ,
etc. It is commonly used to mean aeroplane - a heavier-
than-air powered aircraft. (Aircraft in this thesis
means a heavier-than-air powered aircraft).

Air Freight: property other than express and passenger
baggage transported by air, for which a standard tariff
rate is charged per unit of weight or volume.

Airframe: an aircraft's structure, without power plant and
systems.

Air Traffic: aircraft in operation anywhere in the airspace
or on that area of an airport normally used for the
movement of aircraft.

Aircraft Operating Costs (Direct): total costs of flying
the aircraft including fuel, o0il, maintenance,
depreciation, crew, rental, insurance, and damage
reserves.

Aircraft Operating Costs (Total): operating costs consist
of flying costs (salaries, wages, personnel expenses,
fuel, oil, aircraft supplies, landing fees, etc.),
maintenance costs (labour and materials, maintenance
service purchased, overhaul provisions, and applied
maintenance burden), and depreciation or rental.
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Aircraft Type: a term used in grouping aircraft by basic
configuration, for instance, high-capacity aircraft, long
range aircraft, supersonic aircraft, etc.

Airline: refers to a company involved in aerial
transportation.

Airport: an area of land or water that is used or intended
to be used for landing or take off of aircraft, including
building facilities, if any.

Angle of Attack: angle at which the airstream meets an
aerofoil surface.

Aspect Ratio: ratio of square of wing span to wing area.
It is also defined as ratio of the span to the chord of
an aerofoil.

Aviation Fuel: piston engines used in airplanes generally
fly on high-octane gasoline. (The octane rating is a
measure of fuel performance expressed as a percentage of
the performance of iso-octane). Modern jet engines use
refined kerosene or other light hydrocarbons which are
generally cheaper than piston fuel.

Avionics: airborne electrical and electronic equipment, and
avionic training aids.

Biplane: a fixed-wing aircraft with two sets of wings
mounted, generally, one above the other.

Block Speed: the Average Speed for each sector calculated
from the block time.

Block Time: this is the time for each sector between engine
being switched on at departure and off on arrival.

Cabin: enclosed compartment for crew and/or passengers in
an aircraft.

Cabin Crew: refers to stewards and stewardesses.

Charter Transportation: public transport of passengers or
goods from a designated base at a toll per mile or per
hour for the hire of all or part of the capacity of an
aircraft.

Chord: the distance measured from the leading- to trailing-
edge of an airofoil (or aerofoil).

City-Pair: a method of presenting statistical data which is
used to show the volumes of traffic between specific
cities.
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Civil Aircraft: general term covering all non-military
aircraft.

Civil Aviation: all flying performed by civil aircraft.
CTOL: conventional take off and landing aircraft.

Cowling: the name of the fairing which, usually encloses an
engine.

Destination: the last point in the itinerary and the last
point at which the passenger is to deplane at the
completion of the journey. 1In round trips, the
destination and origin is the same as the city of origin.

Drag: a force exerted on a moving body in a direction
opposite to its direction of motion.

Flap: most usually a wing trailing-edge movable surface
which can be deployed partially to increase lift, or
completely to increase drag.

Flight Crew: refers to the pilot, co-pilot and flight
engineer if any.

Flight Deck: (i) separate crew compartment of a cabin
aircraft, or (ii) the operational deck of an aircraft
carrier.

Flight Simulator: a ground-based training device to permit
the practice of flight operations; often specific to a
particular aircraft for detailed training.

Flying-Boat: a heavier-than-air aircraft which is supported
on the water by its water—-tight fuselage.

Fuselage: the body structure of an aircraft.
Galley: kitchen area in an aircraft.

Glider: a heavier-than-air, fixed wing, unpowered aircraft
for gliding or soaring flight.

Goods: air cargo (freight and express) plus mail and excess
baggage.

Hull: the water-tight fuselage or body of a flying boat.
Sometimes it refers to fuselage of any aircraft.

Icing: condition arising when atmospheric water freezes on
the external surfaces of an aircraft.
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Inertial Navigation System: navigation in which highly
sensitive accelerometers record, via a computer, the
complex accelerations of an aircraft about its three
axes, thus integrating its linear displacement from the
beginning of a selected course and pinpointing the
aircraft's position at all times.

Instructional flying: any use of an aircraft for the
purpose of formal instruction with the flight instructor
aboard, or with the manoeuvres on the particular flight
specified by the flight instructor.

Itinerary: all points in the passenger journey, beginning
with the origin, followed by the routing and ending with
the destination, in the sequence shown in the fare ladder
section of the coupon. The 'coupon' is each of the
component parts of a ticket containing separate travel
authority for the different trip segments of the total
travel covered by the passenger ticket.

Landing Weight: normal maximum weight at which an aircraft
is permitted to land.

Length of (passenger) Haul: the average distance flown by
an airline's passengers; this is obtained by dividing an
airline's total passenger-miles by the number of
passengers carried.

Lift: the force generated by an aerofoil section, acting at
right angles to the airstream flowing past it.

Mach Number: named after the Austrian physicist Ernst Mach,
a means of recording the speed of a body as a ratio to
the speed of sound in the same ambient conditions. The
speed of sound in dry air at 0°C (32°F) is approximately
1087 ft. (331 meters)/second; 741 miles per hour (1193
Kilometers per hour). Hence Mach 0.8 represents eight-
tenths of the speed of sound.

Monocoque: structure in which the outer skin carries the
primary stresses, and is free of internal bracing.

Operating Revenue: revenue from the performance of air
transportation and related incidental services. It
includes (i) transport revenue from all classes of
traffic and (ii) non-transport revenues consisting of
subsidy payments and the net amount of revenues less
related expenses from services (incidental to air
transportation.

Passenger: refers to revenue passengers only, and ingludes
passengers paying half-fare or more, but does not include
infants in arms.
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Passenger destination: the last point in an itinerary in
the case of one-way trips. Usually it is the furthest
point from origin in round trips.

Payload: the useful load of an aircraft; cargo, passengers;
in a military aircraft, its weapon load.

Peak Day: the day with the greatest number of occurrences
in any given period.

Peak Hour: the hour with the greatest number of occurrences
in any given period.

Power Plant: the source of propulsion for example, piston
engines, jet-turbine-driven propellers, jet engines
without propellers.

Pressurization: artificially increased pressure in an
aircraft to compensate for the reduced external pressure
as the aircraft gains altitude.

Propeller: rotating blades of aerofoil section, engine
driven, each of which reacts as an aircraft's wing,
generating low-pressure in front and higher behind, thus
pulling the aircraft forward.

Scheduled Air Carriers: air carriers which offer public
transportation of persons, mail, and/or goods by
aircraft, serving specific points in accordance with a
service schedule, and a toll per unit.

Seat Pitch: the distance between the back of one seat and
the same point on the back of the seat in front.

Seating Density: number of seats per unit cabin floor area.
Sector Length: see Stage length.

Slat: auxiliary aerofoil surface, mounted forward of a main
aerofoil, to maintain a smooth airflow over the main
aerofoil at high angles of attack.

Slot: the gap between the slat and leading-edge of the main
aerofoil, which splits the airflow and maintains a smooth
flow over the main aerofoil upper surface.

Spoilers: drag-inducing surfaces which can be deployed
differentially for lateral control, or simultaneously for
lift dumping to improve the effectiveness of landing
brakes.

Stage Length: 1ideally this should be air route distance
between two airports; many airlines (and IATA) use the
great circle distance, which is shorter than the distance
actually flown.
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Stall: condition which arises when the smooth airflow over
a wing's upper surface breaks down and its lift is
destroyed.

Subsonic: flight at a speed below that of sound.
Supersonic: speed in excess of that of sound.

Swept Wing: wing of which the angle between the wing
leading-edge and the centre line of the rear fuselage is
less than S0 degrees.

Take-Off Weight: maximum allowable weight of an aircraft at
the beginning of its take off run.

Thrust: force which propels an aircraft through the air;
generated by conventional propeller or the jet efflux of
a turbine engine.

Ton Miles per Hour: this measures an aircraft's hourly
productivity; it is the payload capacity multiplied by
the average speed; the latter may be the average block
speed or the cruise speed.

Traffic Density: refers to the size of passenger or cargo
demand on a route-segment, route, a group of routes or
entire network of an airline.

Turbofan: gas turbine engine with large diameter forward
fan. Air is ducted from the tips of these fan blades and
bypassed through the engine, and added to the normal jet
efflux to provide high propulsive efficiency.

Turbojet: gas turbine engine in its simplest form producing
a high velocity efflux.

Turboprop: gas turbine engine in which maximum energy is
taken from the turbine to drive a reduction gear and
conventional propeller.

Undercarriage: the skis, floats, wheels, etc., on which an
aircraft lands, along with associated braces. The
invention of the retractable undercarriage did much to
improve streamlining, while the introduction of tricycle
landing gear (providing a strong, three-point support for
wheels on many large aircraft) allows designers to
combine the advantages of retractable landing gear with
the strong construction needed for hard braking.

Utilization: average number of block hours that each
aircraft is in use; utilization may be measured on a
daily or an annual basis.

Wing Span: the distance from tip to tip of the wing or
tailplane.
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Sources: See Mondey (1978), Doganis (1985) and Statistics
Canada (1971) for most of the definitions given above.
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Appendix A
DETAILED TABLES USED IN THE SYSTEM ANALYSIS FOR
AIR CANADA
This Appendix gives detailed calculations that were
necessary to estimate the number of aircraft required by Air
Canada during the 1972-74 period. The number of aircraft
were estimated by using the frequencies that were estimated
by Boeing (1970) in cooperation with Air Canada. The
estimates of total block time were obtained by multiplying
the planned frequencies by block time necessary to make a
return trip over the relevant route segment. Block times
for making a return trip over any route segment were
estimated with the help of equations 6.2 to 6.4 (Chapter 6).
Assuming a maximum daily utilization rate of twelve hours
per day, the number of aircraft was estimated by dividing
the total block time by twelve. Since, it is not possible
to operate a fraction of an aircraft, the fractions were
assumed to be a whole number.®® The average daily
utilization rate for any aircraft type in any given year was
estimated by dividing 1its total wutilization rate by the

number of aircraft required.

80 See equation 6.11 of Chapter 6.
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A number of alternative fleet possibilities were
considered in order to confirm the optimality of a given
type of wide-body aircraft for Air Canada's fleet.®' A
similar procedure was followed to estimate the number of
various types of aircraft that were needed to replace the
selected wide-body aircraft. While estimating the passenger
and cargo capacities offered by aircraft in the alternative
schemes, an attempt was made to maintain the load factors
that resulted with the original allocation of the wide-body
aircraft.®? The passenger and cargo capacities for each

aircraft were taken from Table 10.

! Detailed discussion about these schemes can be seen in

Section 6.2 of Chapter 6.

92 The reason is that these load factors were the target
load factors as pointed out in the Boeing (1970) study.




1972

TARLF. 2B

1973

Capacity Oftered by Boeing R-747 and alternative Fleet Schemes

’ C:;; ;;;;M - Original Scheme ! Scheme 2 Scheme 3 Original Scheme ! Scheme 2 Scheme 1
- “‘P C P C P C P C P P [ P C P
Yancouver -Edmonton 1095 §7.6| 1536 58.92] 1536} 58.92] 1188] 65,64 1095 1536f 58.92| 1636 58,92 t188
Vancouver -Toronto 2555 (34.4] 3584 137.48| 3584 137.48| 2574] 136.647 2555 3584 137.48| 3584} 137,481 2574
Vancouver-Calqary 1460 76.8| 2048| 78.56] 2048) 18.56| 13)86| 104.48B( 1460 2048 78.56| 2048 78.56| 1186
Edmonton Toronto 1095 87,6| 1536| S8.92} 1536 58,92| ¢188F 65,64} 1095 1536 58.92) 1536} 58.92| 1188
Calgary-Toronto 1460 76.8| 1536f 58.92| 1536 58.92| 1188 65.64] 1460 1536 58.92| 1536 58.92{ 1188
winnipeg-Toronto 1095 57.6) 2048] 78.56| 2048| 78.56| 1386 104.48| 1095 20481 78.56| 2048 18.567 1186
Toronto London 2555 1344 5120 170,12} 2555) 134.40[ 2574} 170,12} 2555 S120) 170.12{ 2555 138.4] 2574
Torento-Montreal 3650 192.0| 2574 196.4| 6215| 254.00| 3762 202.28} 1650 2574 196.4| 5120 196.4| 3762
Montreal-London 1095 7.6 t188| 65.64| 1095| S57.60f 1188| 65.64| 1095 1188} 65.64| 1095 S7.6| 1188
Montreal-Paris 255% 13.4] 2574| 136.64| 2555 134.40| 2574| 136.64| 2555 2574¢ 136.64| 2555 114,41 2574
Paris-Frankfurt 2555 13,4 2574} 136.647 2555{ 134.40} 2574} 136.64| 2555 2574] 136.64] 2555 134.4) 2574
Vancouver -Winnipeq 1095 1536 58.92 1188

Note: P stands for Passenger capacity measured in terms of number of

¢ stands for Cargo capacity measured in terms of tons,

Source! See Roeing (1970) feor data.

seats;

Scheme 1

The passenger and cargo capacities are obtained by multiplying the frequencies {Table 29) by capacities of aircraft {Table 107,

Tscheme 2

_?,-_,, .,_; ..( .
58,92} 1516 58.92

137.48] 3584 137.48
78.56| 2048 78.56

58.,92| 156 58.92

137,48 3548 117,48
78.56| 2048 18.56

170,12 2555 1384
274.96} 7168 274.96
136,64 2595 1144
136,64 2555 1344
136.64] 2555 1344
137,481 1584 137,48

66,64
136.64
104,48

65.64

' ;;héme ]
;_ __._E,_v
t188

2574

1186

1188

2574 116,
1386] 104,
2574 170,
5148 273.
25747 116,
25741 136,
2574 116,
25741 136

69¢



TABLE 29

270

Planned Frequency, Total Weekly Block Time and Number of

Boeing B-747 Required

1972 1973 1974

City Pair F T F T F T
Vancouver-Edmonton 3 4,621 3 4,62 3 4,62
Vancouver-Toronto 7 31.221 7 31.22 7 31.22
Vancouver-Calgary 4 5.56] 4 5.56 4 5.56
Edmonton-Toronto 3 11.13}1 3 11.13 3 11.13
Winnipeg-Toronto 3 7.02| 3 7.02 7 16.38
Calgary-Toronto 4 14.84 4 14,84 4 14.84
Toronto-London 7 46.2| 7 46.2 7 46.2
Toronto-Montreal 10 11.9]10 11.9 4 16.66
Montreal-London 3 19.89] 3 19.89 7 46.41
Montreal-Paris 7 48.93| 7 48,93 7 48.93
Paris-Frankfurt 7 7.98( 7 7.98 7 7.98
Vancouver-winnipeg 3 8.25 7 19.25
Weekly Block Time

(one way) 209.29 217.14 269.18
Weekly Block Time

(two way) 418.58 434.28 538.36
Daily Block Time

(two way) 59.78 62.04 76.91
No. of Aircraft Required 5 6 7
Daily Utilization (Hrs.) 11.96 10.34 10.99

Where;

F
T

Frequency of service per week.
Total weekly block time.

Data Source: Boeing (1970).



TABLE 30

Alternative Fleet Possibilities for

Boeing B-747 System (1972)

Scheme | Scheme 2 Scheme 3
City Pair L-1011 DC-8-S DC-8-F L-1011 B-747 DC-8-S DC-8-F
F T F T T F T F T T T

Vancouver-Edmonton 6 8.94 6 8.94 6 8.88 1 1.48
Vancouver-Toronto 141 194.48 141194.48 13 59.15 2 9.10
Vancouver-Calgary 8 10.80 8| 10.80 7 9.31 2 2.66
Edmonton-Toronto 6 22.02 6] 22.02 6 22.50 1 3.75
Winnipeg-Toronto 6 13.80 6] 13.80 6 13.92 1 2.32
Calgary-Toronto 8 29.28 81 29.28 7 26.25 2 7.50
Toronto-London 13 96.33 22.23 7 50.40| 13 96.33 3 22.23
Toronto-Montreal 20 22.80 20| 22.80( 3 19.89] 19 21.09 3 3.33
Montreal-London 6 40.921 1 6.82 3 19.89 6 40.92 1 6.82
Montreal-Paris 13 93.47( 2| 14.38 7 48.93| 13 93.47 2 14.38
Paris-Frankfurt 13 13.91 2 2.14 7 7.98| 13 13.91 2 2.14
Vancouver-Winnipeg
Weekly Block Time

(one way) 302.12 244.63 45.57 161.10 75.71
Weekly Block Time

(two way) 604.24 489.26 91.14 322.20 151.42
Daily Block Time

(two way) 86.32 69.89 13.02 46.03 21,63
No. of Aircraft Required 8 6 2 4 2
Daily Utilization {(Hrs.) 10.79 11.65 6.51 11.51 10.82

Where;

T

Data Source: Boeing (1970).

Frequency of service per week.
Total weekly block time.
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TABLE 31

Alternative Fleet Possibilities for Boeing B-747 System (1973)

Scheme 1 Scheme 2 Scheme 3
City Pair L-1011 DC-8-S DC-8-F L-1011 B-747 DC-8-§ DC-8-F
F T F T F T F T F T F T F T

Vancouver-Edmonton 6 8.94 6 8.94 6 8.88 1 1.48
Vancouver-Toronto 14] 194.48 141194.48 13 59.15 2 9.10
Vancouver-Calgary 8 10.80 8| 10.80 7 9.31 2 2.66
Edmonton-Toronto 6 22.02 6| 22.02 6 22.50 1 3.75
Winnipeg-Toronto 6 13.80 6] 13.80 6 13.92 1 2.32
Calgary-Toronto 8 29.28 8| 29.28 7 26.25 2 7.50
Toronto-London 13 96.331 3] 22.23 7 50.40}| 13 96.33 3 22.23
Toronto-Montreal 20 22.80 20{ 22.80( 3 19.89) 19 21.09 3 3.33
Montreal-London 6 40.92{ 1 6.82 3 19.89 6 40.92 1 6.82
Montreal-Paris 13 93.47] 2} 14.38 7 48.931 13 93.47 2 14,138
Paris~Frankfurt 13 13.91] 2 2.14 7 7.98} 13 13.91 2 2.14
Vancouver-Winnipeg 6 16.26 6] 16.26 6 16.50 1 2.75
Weekly Block Time

(one way) 318.38 244.63 45,57 177.60 78.46
Weekly Block Time

(two way) 636.76 489.26 91.14 355.20 156.92
Daily Block Time

(two way) 90.97 69.89 13.02 50.74 22.42
No. of Aircraft Required 8 6 2 5 2
Daily Utilization (Hrs.) 11.37 11.65 6.51 10.14 11,21

Where;

F
T

Frequency of service per week.
Total weekly block time.

won

Data Source: Boeing (1970).
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TABLE 32

Alternative Fleet Possibilities for Boeing B-747 System (1974)

Scheme 1 Scheme 2 Scheme 3
City Pair L-10H1 DC-8-S DC-8-F L-1011 B-747 DC-8-S DC-8-F
F T F T F T F T F T F T F T
Vancouver-Edmonton 6 8.94 6 8.94 6 B8.88 ! 1.48
Vancouver-Toronto 14 194.48 14(194.48 13 59.1% 2 9.10
Vancouver-Calgary 8 10.80 8| 10.80 7 9.31 2 2.66
Edmonton-Toronto 6 22.02 6| 22.02 6 22.50 1 3.75
Winnipeg-Toronto 14 32.20 4] 32.20 13 48.75 2 4.64
Calgary-Toronto 8 29.28 8 2%9.28 7 26.25 2 7.50
Toronto-London 13 96.337 3| 22.23 7 50.40( 13 96.33 3 22.23
Toronto-Montreal 28 31.92 281 31,92 26 28.86 4 4.44
Montreal-London 13 88.66[ 2| 13.64 7 46.41] 13 88.66 2 13.64
Montreal-Paris 13 93.47} 2| 14.38 7 48.93( 13 93.47 2 14,38
Paris-Frankfurt 13 13.91} 2 2.14 7 7.98) 13 13.91 2 2.14
Vancouver~-Winnipeg 14 37.94 141 37.94 13 35.75 2 2.75
Weekly Block Time
(one way) 367.58 292.37 52.39 239.45 88.71
Weekly Block Time
(two way) 735.16 584.74 104.78 478.90 177.42
Daily Block Time
(two way) 105.02 85.53 14.97 68.41 25.35
No. of Aircraft Required 9 7 2 6 3
Daily Utilization (Hrs.) 11.67 11.93 7.48 11.40 8.49

Where;

F
T

Freguency of service per week.
Total weekly block time.

Data Source: Boeing (1970).

gLe




TABLE 33

Note: P

Capacity Offered by Boeing B-747-UD and Alternative Fleet Schemes
1973 15;4

City Pair Original Scheme ! Scheme 2 Scheme 3 Original Scheme 1 Scheme 2 Scheme 3

é C P C P C P C P C P C P C P C
Vancouver-Edmonton 1144] 116.07| 3072| t17.84| 3072} 117.84| 1188 333.48} 1144} 116.07 3072; 117.84 .3072 117.84| 1188| 333.48
Vancouver-Calgary 858 87.05| 2304 88.38{ 2304 88.38 7921 222.32 858 87.05| 2304 88.38| 2304 88.38 792) 222.32
Edmonton-Toronto 1144 116.07) 3072 117.84| 3072 117.84| 1188 333.48] 1144 116.07] 3072| t17.84| 3072| 117.84| 1188} 333.48
Calgary-Toronto 858 87.05{ 2304 88.38{ 2304 88.38 792| 222.32 858 87.05| 6588 309.38| 4306} 291,52 792 222.32
Toronto-Frankfurt 2002| 203.13) 19890 221.0{ 2002| 203.14] 1980 555.8| 2002| 203.13| 1980 221.0f 2002| 203.14| 1980 555.8
Frankfurt-Copenhagen 2002| 203.13} 1980 221.0| 2002 203.14| 1980 555,8| 2002{ 203.13] 2304 88.38| 2304 88.38| 1980 555.8
Vancouver-Toronto 858 87.05( 2304 88.38] 2304 88.38 792| 222.32
Toronto-Montreal 858 87.05 792 88.4 858 87.06 7921 222.32
Montreal-Zurich 858 87.06 792 88.4 858 87.06 792) 222.32
Zurich-Vienna 858 87.05 792 222.32

C stands for Cargo capacity measured in terms of tons.

Source:

See Boeing (1970)

for data.

pacities of aircratt (Table 10).

stands for Passenger capacity measured in terms of number of seats;

The passenger and cargo capacities are obtained by multiplying the freq

vencies (Table 34)

by ca-
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TABLE 34

275

Planned Frequency, Total Weekly Block Time and Number of
Boeing B-747-UD Required

1973 1974

City Pair F T F T
Vancouver-Edmonton 4 6.14| 4 6.14
Vancouver—Calgary 3 4,18 3 4.18
Edmonton-Toronto 4 14.83| 4 14.83
Calgary-Toronto 3 11.12( 3 11.12
Toronto-Frankfurt 7 55.54( 7 55.54
Frankfurt-Copenhagen 7 9.68| 7 9.68
Vancouver-Toronto 3 13.389
Toronto-Montreal 3 3.56
Montreal-Zurich 3 22.59
Zurich-Vienna 3 3.89
Weekly Block Time

(one way) 101.49 144,92
Weekly Block Time

(two way) 202.98 289.83
Daily Block Time

(two way) 29.00 41.40
No. of Aircraft Required 3 4
Daily Utilization (Hrs.) 9.67 10.35

Where;

F
T

Total weekly block time.

Data Source: Boeing (1970).

Frequency of service per week.



TABLE 35

Alternative Fleet Possibilities for Boeing B-747-UD System (1973)

Scheme 1 Scheme 2 Scheme 3
City Pair L-1011 DC-8-S DC-8-F L-1011 B-747-UD DC-8-§ DC-8-F
F T F T F T F T F T F T F T

Vancouver-Edmonton 12 17.88 121 17.88 6 8.88 9 13.32
Vancouver-Calgary 9 12.15 9] 12.15 4 5.32 6 7.98
Edmonton-Toronto 12 44.04 121 44.04 6 22.50 9 33.75
Calgary-Toronto 9 32.94 9| 32.94 4 15.00 6 22.50
Toronto-Frankfurt 10 81.80] 5| 40.90 7 55.54| 10 81.80f 15] 122,70
Frankfurt-Copenhagen 10 13.20¢1 5 6.60 7 9.68| 10 13.20{ 15 19.80
Vancouver-Toronto
Toronto-Montreal
Montreal-Zurich
Zurich-Vienna
Weekly Block Time

(one way) 16.01 95.00 101.49 146.70 220.05
Weekly Block Time

(two way) 212.02 190.00 202.98 293.40 440.10
Daily Block Time

(two way) 30.29 27.14 29.00 41.9 62.87

No. of Aircraft Required 3 3 3 4 6
Daily Utilization (Hrs.) 10.09 9.04 9.67 10.47 10.48

Where;

F
T

Frequency of service per week.
Total weekly block time.

N

Data Source: Boeing (1970).
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TABLE 36

Alternative Fleet Possibilities for Boeing B-747-UD System {1974)

Scheme 1 Scheme 2 Scheme 3 ]
City Pair L~-1011 pDC-8-S DC-8-F L-1011 B-747-UD DC-8-S DC-8-F
F T F T F T F T F T F T F “;"ﬁ_
Vancouver~Edmonton 12 17.88 12| 17.88 6 8.88 9 13,32
Vancouver-Calgary 9 12,15 9 12.15% 4 5.32 6 7.98
Edmonton-Toronto 12 44.04 121 44.04 6 22.50 9 33.7%
Calgary-Toronto 9 32.94 91 32.94 4 15.00 6 22.50
Toronto-Frankfurt 10 81.80f 5| 40.90 7 55.541 10 81.80( 15| 122,70
Frankfurt-Copenhagen 10 13.20) S 6.60 7 9.68) 10 13.204 15 19.80
Vancouver-Toronto 9 39.78 9] 39.78 4 18.20 6 27.30
Toronto-Montreal 9 10.26 9| 10.26 4 4,44 6 6.66
Montreal-Zurich 4 31.04] 2} 15.52 3 22.59 4 31.04 6 46.56
Zurich-Vienna 4 4.88) 2 2.44 3 3.89 4 4.88 6 7.32
Weekly Block Time
(one way) 157,05 130,92 65.46 144,92 205,26 307.79
Weekly Block Time
{(two way) 314.10 261.84 130.92 289.83 410.52 615.58
Daily Block Time
(two way) 44.87 37.40 18.70 41.40 58.65 87.94
No. of Aircraft Required 4 4 2 4 5 8
Daily Utilization (Hrs.) 11,22 9.35 9.135 10.35% ~J 11.73 10.99
Where; o o
F - Frequency of service per week.

T = Total weekly block time.
Data Source: Boeing (1970).
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TABLE 37

Capacity Offered by Lockheed L-1011 and Alternative Fleet Schemes

1972 1973 1974
City Pair Original Scheme 1 Scheme 2 Original Scheme 1 Scheme 2 Original Scheme 1 Scheme 2
P C P C P C P C P C P C P C P C P C

Vancouver-gEdmonton 1792 68.94| 1825 96.0] 1782 81.72) 1792 68.74| 1825 96.0} 1782 B81.72] 1792 68.74]| 1825 49.1) 1782 81.72
Vancouver-Toronto 1792 68.74] 1825 96.0{ 1782 81,721 1792 68.74] 1825 96.0] 1782 81,721 1792 68.741 1825 49,11 1782 81,72
Vancouver-Winnipeg 1792 68.74| 1825 96.0} 1782 81.,72{ 1792 68.741 1825 96.0] 1782 8t.,72| 1792 68.74}) 1825 49,1 1782 81.72
Vancouver-Calgary 1792 68.74| 1825 96.0| 1782 81,721 1792 68,74 1825 96.0| 1782 B1.,72] 1792 68.74 1825 49.1] 1782 81.72
Edmonton-Toronto 1792 68.741 1825 96,0 1782 81,721 1792 68,741 1825 96.0{ 1782 B1.72] 1792 68.74] 1825 49.1] 1782 81,72
Winnipeg-Toronto 1792 68.74| 1825 96.0| 1782 81,72 1792 68.74| 1825 96.0§ 1782 g1.7221 1792 68.74| 1825 49.1}] 1782 81.72
Calgary-Toronto 1792 68.74| 1825 96.0] 1782 81,72 1792 68.74]| 1825 96.0} 1782 81.721 1792 68.74| 1825 49,1 1782 81.72
LA-Toronto 1492 68.74| 1825 96.0| 1782 81.72| 3584| 137.48] 3650 192.0| 3564| 163.44] 3584| 137.48] 3650 98.2| 3564| 163.44
Toronto-Montreal 8960| 343.70| 9125 480.0| 8910 408.6|11264| 432.08|11680 614.4111286] 539.88]12032) 461.54)12410] 333.88{11880| 555.96
Montreal-St.John's 1792 68.74| 1825 96.0) 1782 81,721 1792 68.74| 1825 96.0| 1782 81.72] 1792 68.74] 1825 49.1| 1782 81,72
Toronto-Miami 1792 68.74| 1825 96.0f 1782 81.72[ 1792 68.74| 1825 49.1] 1782 81.72
Toronto-Antigua 512 19.64 730 38.4 594 44.16( 1280 49.1| 1460 38.72) 1188 65.64
Toronto-New York 3584 | 135.52] 3650 192.0) 3564] 131.04| 1792 68.74| 1825 49,1} 1782 81,72
Montreal-New York 35841 135.52| 3650 192,01 3564 131.04] 1792 68.74] 1825 49,1} 1782 81.72
Toronto-Halifax 35841 135.52] 3650 192.0| 3564| 131.04] 3584| 135.52| 3650 98.2| 3564 163.44
Halifax-St.John's 1792 68.74] 1825 96.0] 1782 81,721 1792 68.74] 1825 49.1] 1782 81.72
Antigua-Bridgetown 512 19.64 730 38.4 594 44,16 1280 49.1] 1460 38,721 1188 65.64
Bridgetown-P of

Spain 512 19.64 730 38.4 594 44.16| 1280 49.1( 1460 38.72| 1188 65.64

Note: P stands for Passenger capacity measured in terms of number of seats;
C stands for Cargo capacity measured in terms of tons.
Source: See Boeing (1970) for data.

The passenger and cargo capacities are obtained by multiplying
the frequencies (Table 38) by capacities of aircraft (Table 10).
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Planned Frequency, Total

Lockheed

TABLE 38
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Weekly Block Time and Number of
L-1011 Required

1972 1973 1974

City Pair F T F T F T
Vancouver—-Edmonton 7 10.461 7 10.46 7 10.46
Vancouver-Toronto 7 30.96¢ 7 30.96 7 30.96
Vancouver-Calgary 7 S.461 7 9.46 7 9.46
Edmonton-Toronto 7 25.66| 7 25.66 7 25.66
Winnipeg-Toronto 7 16.07| 7 16.07 7 16.07
Calgary-Toronto 7 25.65| 7 25.65 7 25.65
LA-Toronto 7 32.17(14 64.40] 14 64.40
Toronto-Montreal 35 40.04 )44 50.16| 47 53.58
Vancouver-winnipeg 7 18.99( 7 18.99 7 18.99
Montreal-St.John's 7 8.58| 7 8.88 7 8.88
Toronto-Miami 7 20.01 7 20.01
Toronto-Antigua 2 8.94 5 22.35
Toronto-New York 14 17.35 7 8.68
Montreal-New York 14 16.49| 14 16.49
Toronto-Halifax 14 28.65| 14 28.65
Halifax-St.John's 7 5.46 7 5.46
Antigua~Bridgetown 2 2.30 5 5.75
Bridgetown-P. of Spain 2 1.91 5 4.75
Weekly Block Time

(one way) 218.4 361.62 376.11
Weekly Block Time

(two way) 436.8 723.24 752,22
Daily Block Time

(two way) 62.40 103.32 107.46
No. of Aircraft Required 6 9 )
Daily Utilization (Hrs.) 10.40 11.48 11.94

Where;

F =
T =

Frequency of service per week.

Total weekly block tim

e.

Data Source: Boeing (1970).
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TABLE 39
Alternative Fleet possibilities on Lockheed L-1011 Routes
(1972)
Scheme 1 Scheme 2
City Pair B-747 DC-8-S DC-8-F
F T F T F T
Vancouver-Edmonton 5 7.70 9 13.32) 1| 1.48
Vancouver-Toronto 5 22.30 S 40.95| 1 4,55
Vancouver-Calgary 5 6.95 S 11.97| 1 1.33
Edmonton-Toronto 5 18.55 9 33.75] 1 3.75
Winnipeg-Toronto 5 11.70 S 20.88] 1 2.32
Calgary-Toronto 5 18.55 9 33.75] 1 3.75
Toronto-London
Toronto-Montreal 25 29.75] 45 49.95| 5 5.55
Montreal-London
Montreal-Paris
Paris-Frankfurt
Vancouver-Winnipeg 5 13.75 S 24.75( 1 2.75
LA-Toronto 5 23.20 9 42.57] 1 4,73
Montreal-St.John's 5 6.55 S 11.16f 1 1.24
Toronto-Miami
Toronto-Antigua
Toronto—-New York
Montreal-New York
Toronto-Halifax
Halifax-St.John's
Antigua-Bridgetown
Bridgetown-P. of Spain
Weekly Block Time
(one way) 159.00 283.05 31.45
Weekly Block Time
(two way) 318.00 566.10 62.90
Daily Block Time
(two way) 45.43 80.87 8.99
No. of Aircraft Required 4 7 1
Daily Utilization (Hrs.) 11.36 11.55 8.99

Where;

F = Frequency of service per week.
T = Total weekly block time.
Data Source: Boeing (1970).
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TABLE 40
Alternative Fleet possibilities on Lockheed L-1011 Routes
(1973)
Scheme 1 Scheme 2
City Pair B-747 DC-8-S DC-8-F
F T F T F T

Vancouver—-Edmonton 5 7.70 9 13.32] 1 1.48
Vancouver-Toronto 5 22.30 9 40.95] 1 4,55
Vancouver-Calgary 5 6.95 S 11.97] 1 1.33
Edmonton-Toronto 5 18.55 9 33.75| 1 3.75
Winnipeg-Toronto 5 11.70 S 20.88| 1 2.32
Calgary-Toronto 5 18.55 S 33.75| 1 3.75
Toronto-London
Toronto-Montreal 32 38.08| 57 63.271 7 7.77
Montreal-London
Montreal-Paris
Paris-Frankfurt
Vancouver-Winnipeg 5 13.75 9 24.75| 1 2.75
LA-Toronto 10 46.40( 18 85.14} 2 9.46
Montreal-St.John's 5 6.55 9 11.16] 1 1.24
Toronto-Miami 5 14,50 9 26.19( 1 2.91
Toronto-Antigua 2 9.02 3 13.77} 1 4.59
Toronto—-New York 10 12.80 18 21.781 2 2.42
Montreal—-New York 10 12.20| 18 20.52| 2 2.28
Toronto-Halifax 10 20.90)| 18 37.08| 2 4,12
Halifax-St.John's 5 4,10 9 6.57| 1 0.73
Antigua-Bridgetown 2 2.38 3 3.36| 1 1.12
Bridgetown-P. of Spain 2 2.00 3 2.73| 1 0.91
Weekly Block Time

(one way) 268.43 470.94 57.48
Weekly Block Time

(two way) 536.86 941.88 114.96
Daily Block Time

(two way) 76.69 134.55 16.42
No. of Aircraft Required 5 12 2
Daily Utilization (Hrs.) 11.65 11.21 8.21

Where;
F =
T =

Frequency of service per week.
Total weekly block time.

Data Source: Boeing (1970).



282

TABLE 41
Alternative Fleet possibilities on Lockheed L-1011 Routes
(1974)
Scheme 1 Scheme 2
City Pair B-747 DC-8-S DC-8-F
P T F T F T

Vancouver-Edmonton 5 7.70 9 13.32] 1 1.48
Vancouver-Toronto 5 22.30 9 40.95] 1 4,55
Vancouver-Calgary 5 6.95 9 11.97] 1 1.33
Edmonton-Toronto 5 18.55 9 33.75( 1 3.75
Winnipeg-Toronto 5 11.70 9 20.88( 1 2.32
Calgary-Toronto 5 18.55 9 33.75] 1 3.75
Toronto-London
Toronto-Montreal 34 40.46| 60 66.60| 7 7.77
Montreal-London
Montreal-Paris
Paris-Frankfurt
Vancouver-winnipeg 5 13.75 9 24,75 1 2.75
LA-Toronto 10 46,40 18 85.14} 2 9.46
Montreal-St.John's 5 6.55 9 11.16| 1 1.24
Toronto-Miami 5 14,50 S 26.19] 1 2.91
Toronto-Antigua 4 18.04 6 27.54| 1 4,59
Toronto—-New York 5 6.40 9 10.89| 1 1.21
Montreal-New York 10 12.20| 18 20.52| 2 2.28
Toronto-Halifax 10 20.90| 18 37.08| 2 4,12
Halifax-St.John's 5 4.10 9 6.57| 1 0.73
Antigua-Bridgetown 4 4.76 6 3.36( 1 1.12
Bridgetown-P. of Spain 4 4.00 6 5.46| 1 0.91
Weekly Block Time

(one way) 277.81 479.88 56.27
Weekly Block Time

(two way) 555.62 959.76 112.54
Daily Block Time

(two way) 79.37 137.11 16.08
No. of Aircraft Required 7 12 2
Daily Utilization (Hrs.) 11.34 11.43 8.04

Where;
F o=
T =

Frequency of service per week.
Total weekly block time.

Data Source: Boeing (1970).





