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ABSTRACT 

The purpose of this thesis i s to attempt to explain the forces 

behind the past growth of Canadian a i r travel and to use the explanation 

as a basis for forecasting the long-run growth of Canadian a i r t r a v e l . 

The forecasting attitude adopted in this study i s that of the Department 

of Transport wishing to quantitatively forecast, to 1975, t o t a l Canadian 

domestic and international a i r passenger boardings independent of other 

modes, on the basis of average t o t a l Canadian data. Accurate forecasts 

are important to the Department of Transport since new airports cannot be 

constructed instantaneously, but at the same time, premature construction 

of airports i s undesirable. 

There are a great variety of forecasting methods. Due to the prob 

lems of inadequate Canadian a i r passenger travel data, however, the author 

f e l t that the only appropriate quantitative method of forecasting a i r 

passenger boardings at the major Canadian air p o r t s , would be with dynamic 

and s t a t i c , multiple regression models. The dynamic model i s a new 

approach at forecasting a i r passenger boardings, since at the time of 

this study, not one example of i t s use in forecasting a i r passenger boardin 

could be found. The dynamic model of this thesis expresses the idea that 

current decisions are influenced by past behavior i . e . habit formation. 

Also, although there are many examples of the use of a s t a t i c model for 

forecasting a i r passengers, the form of this study's s t a t i c models i s 

quite unique since i t t r i e s to take into account the increasing a i r travel 

e l a s t i c i t y of r i s i n g per capita incomes. 

There are many factors affecting demand but i t was not possible 

to provide e x p l i c i t e l y in multiple regression forecasting formulas for 



a l l of them because of the complexities involved and the lack of data 

with respect to some of them. I t was found that one of the major factors 

affecting future boardings per capita w i l l be fare policy. The long-run 

fare e l a s t i c i t y was found to be approximately -2.30. In forecasting a i r 

passenger boardings, f i v e different assumptions were made with respect 

to future fare l e v e l s . 

The growth patterns of each of this thesis's f i v e a i r passenger 

boarding forecasts based on the fi v e future fare assumptions had two 

things i n common: (1) a l l showed a declining rate of growth both i n terms 

of boardings per capita and t o t a l Canadian boardings and (2) a l l showed 

absolute annual increments which in general increased from year to year 

throughout the entire forecast period. These two trends are both major 

characteristics of a growth industry which has not yet matured. 

An average annual decrease of 0.1334 current cents in the a i r 

passenger y i e l d per passenger-mile seems the most reasonable future fare 

assumption. I f th i s is so, the growth of t o t a l a i r passenger boardings 

w i l l progressively decline from a 7.81 percent increase in 1968 to a 6.54 

percent increase in 1975 and the growth of boardings per capita w i l l 

progressively decline from a 5.07 percent increase in 1968 to a 4.35 per

cent increase in 1975. This forecasted growth i s much lower than i n the 

h i s t o r i c a l period of 1955-1966 when the average percent growth in t o t a l 

boardings was 11.4 percent and i n boardings per capita was 8.48 percent. 

Of course, national forecasts of t o t a l domestic and international 

a i r passenger boardings are of l i t t l e value in comparison to a i r passenger 

boarding forecasts of individual Canadian c i t i e s . Fortunately, the largest 

twenty-five a i r transportation hubs, which have accounted for 89 percent 

to 93 percent of the t o t a l of a l l Canadian a i r passenger boardings i n the 



past, have through time each maintained a generally consistent relationship 

to the national to ta l . Thus, by f i t t ing numerous least-squares trend 

curves through each community's past percentage of national air passenger 

boardings and modifying where necessary because of the advice of experienced 

people in Canadian air travel , forecasted percentages of total Canadian 

boardings were arrived at for each of the largest twenty-five Canadian 

air transportation hubs. 
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CHAPTER I 

INTRODUCTION 

A. Scope and Purpose of the Study 

The purpose of this study i s to explain the forces behind the past 

growth of Canadian a i r t r a v e l and to use this explanation as a basis for 

a projection of the future growth rate of Canadian a i r t r a v e l . Of course, 

accepting normal fluctuations in the Canadian economy but barring any 

major world catastrophe, growth in a i r t r a f f i c i s inevitable as the a i r 

lines strengthen their position i n the common carriage of passengers. 

There is the ever-present incentive to travel i n any developed country 

and the a i r l i n e s represent the most e f f i c i e n t long-range transportation 

media available. 

It is necessary, however, to have more than vague long-range 

forecasts to be able to plan and construct a i r p o r t s . But accurately fore

casting future events is a hazardous undertaking i n any industry i n this 

modern era of rapidly increasing incomes and changing technology. One 

way of reducing the margin of error is to have a short forecasting period. 

In many quarters, f i v e years i s considered to be the longest forecast 

period, i n which any confidence can be put. However, government agencies 

connected with a i r transportation require long-range forecasts of from 

ten to twenty years for conceptual planning. 

B. Forecasting Attitude of This Study 

There is a wide d i v e r s i t y in forecasting attitudes. The viewpoint 
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of the economist, who defines future trends on the basis of large scale 

quantitative models, i s far removed from the businessman, who is concerned 

with increasing his c l i e n t e l e or smoothly running his company. There are 

also further differences in research carried out by those trying to analyze 

individual behaviour i n terms of s o c i a l class, education received and age, 

and research carried out by s t a t i s t i c i a n s using average data for the 

t o t a l Canadian population. Furthermore, there i s the wide difference i n 

opinion between those who think an overall study should be made f i r s t of 

a l l modes from which respective shares could be distributed to each mode, 

and those who assume a high degree of independence between modes and thus 

calculate each separately. 

The problem tackled i n this thesis is to forecast quantitatively 

to 1975, t o t a l Canadian domestic and international a i r transport boardings''' 

on the basis of average t o t a l Canadian data. This i s the problem which 

faces the Department of Transport. Accurate forecasts are important to 

the Department of Transport since new airports cannot be constructed 

instantaneously, but at the same time, premature construction of new 

airports is undesirable. To bu i l d an airport with a 1975 annual capacity 

of 500,000 boardings where the actual need may only be 100,000 boardings 

annually,- i s to deprive more urgent needs of resources. On the other 

hand, construction of an airport designed to handle 100,000 boardings 

annually, where 500,000 w i l l be using i t , may have consequences which are 

much more serious than that of economic misallocation alone. The s o c i a l 

Boarding passengers are defined as those scheduled passengers who 
originate th e i r t r i p at the reporting station (Airport) plus those who 
transfer from other f l i g h t s of the same c a r r i e r with more than normal lay
over time (generally more than 4 hours). Domestic boarding passengers 
are those a r r i v i n g from or departing to Canadian points while inter
national boarding passengers are those a r r i v i n g from or departing for 
points abroad (including U.S.). 
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and p o l i t i c a l effects a r i s i n g from t r a f f i c congestion do breed c o n f l i c t s 

that are not eas i l y resolved. 

An attempt is being made to forecast boarding passengers rather than 
2 

o r i g i n and destination passengers since r e l i a b l e boarding s t a t i s t i c s go 

back as far as 1955, whereas r e l i a b l e domestic o r i g i n and destination 

s t a t i s t i c s only came into being in approximately 1961 and thus do not 

provide a time series of adequate length for forecasting purposes. I t 

must be emphasized that this study's forecasts represent an i n i t i a l step, 

open to la t e r methodological improvements. Although forecasts of future 

events can never have a completely s c i e n t i f i c , a n a l y t i c a l basis since 

human actions are not e n t i r e l y random and some few individuals exercise 

an important influence on events, v a l i d a n a l y t i c a l observation about 

relationships among important variables i n the system is very useful in 

improving the quality of forecasts. 
C. Forecasting Techniques 

As already mentioned, this study's forecasts are to have a quan

t i t a t i v e , s c i e n t i f i c basis. But a great variety of forecasting methods 

e x i s t . One group of methods has the common t r a i t that they base future 

values of a variable only on the past relationship of the variable over 

time. Within this group are several possible methods. One technique is 

to draw a freehand trend l i n e through past data and to extrapolate i t to 

y i e l d forecasts. A second technique involves mathematically f i t t i n g an 

Origin/destination passengers are defined as those who complete a 
continuous Canadian Carrier online journey from the boarding station to 
the passenger's immediate destination. 
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appropriate least squares trend l i n e to h i s t o r i c a l data and projecting i t 

forward. An example of the use of this technique can be found i n a formula 
3 

devised by Professor J. Tinbergen of the Rotterdam School of Economics. 

A t h i r d possible technique of determining future values of a variable based 

on past relationships, i s to make judgments regarding future year-to-year 

changes and i t e r a t i v e l y apply these expected changes to obtain the required 

estimates. An example of the use of this technique i s i n Mr. Larsson's 

"A C r i t i c a l Review of E a r l i e r Forecasting of A i r T r a f f i c and a New Approach"^ 

However, regardless of which technique is used i n this f i r s t type of fore

casting methods, there is the i m p l i c i t assumption that those factors which 

effect a i r passenger boardings are highly correlated with time and w i l l 

continue to be i n the future; but i f past growth i s i r r e g u l a r , as Canadian 

a i r t r a v e l has been, time i s inadequate as the sole explanatory variable 

on which to base a projection. 

A better method of forecasting i s to e x p l i c i t l y take into account 

the influence of causal factors. This method, however, is dependent upon 

the f u l f i l l m e n t of three basic requirements: 

(a) It must be mathematically possible to approximate the re

lationship of the dependent variable to i t s determinants, 

and i t must be reasonable to assume this quantitative 

relationship w i l l persist in the future. 

(b) It must be possible to relate changes i n a par t i c u l a r variable 

to i d e n t i f i a b l e causal factors. 

G. Desmas, Methods of Market Research in Air Transport, (Paris: 
I n s t i t u t du Transport Aerien, 1964), p. 15. 

4 
Ibid., p. 13. 
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(c) Excellent projections of the independent variables can be made 

or are available. 

Provided these conditions are met--and they are in this study—the most 

appropriate tool i n establishing this mathematical causal relationship 

is multiple correlation and regression analysis. 

In i t s simple linear form, a multiple regression model, can be 

formulated i n an equation of this form: 

Y = a + b Xx + b 2X 2 

where: Y = variable to be forecast, i . e . dependent variable. 

X^ = causal factor, i.e. independent variable. 

X 2 = causal factor. i . e . independent variable, 

a = constant. 

b^ = weight or coeffic i e n t of variable X^ 

b^ = weight or coe f f i c i e n t of variable X^ 

The researcher specifies those variables, such as X^ and X ^ , which he 

considers to be determinants of Y and then uses h i s t o r i c a l data to estimate 

a, b^ and b^ by the method of least squares. In other words,, minimizing 

the squared deviations of the observed combinations of Y, X^ and X^ from 

the straight l i n e . Since multiple regression and correlation e x p l i c i t l y 

takes into account the influence of causal factors, i t has a more scien

t i f i c basis than trend analysis. 

Multiple regression analysis has been the most widely used a i r 

travel forecasting technique. Some of the more recent studies employing 

variations of this technique are: 

- Boeing Company. Forecast of Free World A i r l i n e T r a f f i c 1959- 

1975. Renton, Washington: Boeing Company, 1961. 
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Boeing Company. International A i r T r a f f i c Forecast. Renton, 

Washington: Boeing Company, 1966. 

Boeing Company. T r a f f i c Forecast. Renton, Washington: Boeing 

Company, 1967. 

C i v i l Aeronautics Board. Forecast of A i r l i n e Passenger T r a f f i c  

in the United States: 1959-1965. A Report prepared by the Research 

and S t a t i s t i c s Division of the Bureau of Accounts and S t a t i s t i c s . 

Washington: Government Printing Office, 1959. 

C i v i l Aeronautics Board. Forecasts of Passenger T r a f f i c on the  

Domestic Trunk A i r Carriers, Domestic Operations, Scheduled  

Service 1965-1975. Staff Report Number Five of the Research 

and S t a t i s t i c s Division of the Bureau of Accounts and S t a t i s t i c s . 

Washington: Government Printing Office, 1965. 

Clare, Kenneth G. Southern C a l i f o r n i a Regional Airport Study. 

South Pasadena, C a l i f o r n i a : Southern C a l i f o r n i a Labratories of 

Stanford Research I n s t i t u t e , 1964. 

Federal Aviation Administration. Aviation Demand and Airport  

F a c i l i t y Requirement Forecast for Large Air Transportation Hubs  

Through 1980. Washington: Government Printing Office, 1967. 

Federal Aviation Administration. Aviation F o r e c a s t s — F i s c a l  

Years 1962-1967. A Report Prepared by the A i r Commerce Division 

of the Economics Branch. Washington: Government Printing Office, 

1961. 

Federal Aviation Administration. Aviation Forecast--Fiscal Years  

1967-1977. A Report Prepared by the Systems Planning Division of 

the Airport Services Branch. Washington: Government Printing 

Office, 1967. 
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Saginor, Irving. Forecast of Scheduled Domestic A i r Passenger  

T r a f f i c for the Eleven Trunk Carriers 1968-1977. Economic 

Research Section, Planning, Programming and Research Division, 

C i v i l Aeronautics Board, Washington: Government Printing Office, 

1967. 

Richmond, Samuel B. "Forecasting A i r Passenger T r a f f i c by 

Multiple Regression Analyses", The Journal of A i r Law and  

Commerce. XXII (Autumn, 1955), pp. 434-449. 

Senary, P h i l i p and Robert M. Williams, " A i r l i n e Fare Policy and 

Public Investment", Transportation Journal, VII ( F a l l , 1967), 

pp. 41-49. 

A i r Canada. "Air Canada's Econometric Marketing Model". 

Technical paper for the Second Annual Meeting of the Canadian 

Transportation Research Forum, Niagara F a l l s : September 8-9, 

1966. 

A thi r d procedure of forecasting, the evolution theory method, i s 

based on a thorough study of past history and a detection of some apparent 

rule of growth which can be assumed to continue i n the future. The only 

widely known study using this approach was by T. F. Comick and W. M. 

W a l l a c e . A f t e r closely s c r u t i n i z i n g the development of the U.S. domestic 

a i r t r a f f i c , Comick and Wallace concluded that a i r t r a f f i c develops i n 

successive leaps according to technical progress leading to the introduction 

of new a i r c r a f t types. These leaps have been in nine year intervals since 

1926 with the rate of growth declining progressively. Unfortunately, this 

T. F. Comick and W. M. Wallace, Forecast of United States Domestic  
A i r l i n e T r a f f i c 1961-1975, Market Research and Planning Div i s i o n , Boeing 
Company (Washington: Government Printing Office, 1967). 
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evolution theory method could not be used in Canada since r e l i a b l e 

Canadian domestic and international a i r passenger boardings only go back 

as far as 1955. 

Along quite similar l i n e s , the Boeing Company just recently fore

casted a i r travel using the concept of a growth industry--growth begins 

with innovation and i t continues as long as technological improvements: 

(a) upgrade quality and lower unit costs simultaneously; (b) upgrade 

quality at s t a t i c unit costs; or (c) lower unit costs at s t a t i c quality. 

They have t r i e d to quantify the quality of each element of a t o t a l t r i p 

experience. The following quality variables were analyzed: 

(1) Seat Departures -- This variable r e f l e c t s the quality of 

convenience of ample departure frequency, combined with seat 

a v a i l a b i l i t y ; i t permits the a i r t r a v e l l e r to f l y when he 

wants, with only short notice for reservations.^ 

(2) A i r l i n e Scheduling -- Since the increase of nonstop services 

leads to greater passenger convenience in terms of fewer 

transfers and shorter travel time, the quantity variable 

used was average number of intermediate stops equals average 
8 

passenger t r i p divided by average airplane t r i p . 

(3) Schedule R e l i a b i l i t y -- Percentage of t o t a l nonstop and one-

stop f l i g h t s of domestic trunk carriers that arrive within 

W. M. Wallace and J. G. Moore, Call i n g the Turns--The Forecasting  
Problem in the A i r Transport Industry, Market Research and Planning 
Di v i s i o n , The Boeing Company (Renton, Washington: The Boeing Company, 
1968), p. 9. 

^ I b i d . , p. 15. 

^ I b i d . , p. 16. 
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9 0 - 1 5 minutes of. scheduled time. 

(4) Schedule Cancellation equals seat miles performed divided by 

seat miles scheduled.^ 

(5) Passenger Service -- Each of the variables of passenger 

service (food, labour, interrupted t r i p expense, insurance 

and a l l other) were put in terms of constant dollars per 

passenger to measure service improvement 

(6) A i r Time of Average Passenger Trip equals average passenger 

t r i p divided by f l i g h t time. This variable r e f l e c t s not only 

increasing a i r speed but also a trend toward longer average 
- • 1 2 passenger t r i p s . 

(7) Interior Airplane Passenger Perceived Noise i n Deubels per 

Passenger-hour. 

(8) Space equals Cubic feet of passenger space per revenue 

passenger including load factor. This index was calculated 

by taking each a i r c r a f t type and dividing i t s cabin volume 

by average i n s t a l l e d seats and load factor. This value was 

weighted with Revenue Passenger Miles flown by a p a r t i c u l a r 

a i r c r a f t type and a subsequent composite "space" index for a l l 

airplanes was computed. 

9 
Ib i d . , p. 17 . 

1 0 I b i d . , p. 18. 
n i b i d . , p. 19. 
12 

Ib i d . , p. 20. 
13 

Ibid., p. 21. 
14 

Ibid., p. 22. 
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(9) Ride Comfort equals v e r t i c a l G's experienced by the airplane 

due to a unit gust loading. After these values were calculated 

for each a i r c r a f t type, they were weighted by RPM's flown by 

the a i r c r a f t type to obtain a composite index for a l l a i r c r a f t 
15 

types. 

(10) Safety equals 1/ (accidents + 2 x passenger F a t a l i t i e s ) . ^ 

The r e l a t i v e weighting for each quality variable was calculated by finding 

the Bayesian weights. The Boeing Company was very fortunate in being able 

to quantify these quality variables since here in Canada, only a few of 

these quality variables could be quantified due to a lack of data. 

A f i f t h a i r travel forecasting method is the market analysis method. 

With market analysis forecasting techniques, the composition of the a i r 

travel market i s determined as to age, industry, family income, education, 

etc., for several years, and then compared for these same years to a break

down of the national population by the same ch a r a c t e r i s t i c s . This shows 

how people with various s o c i a l , economic and demographic characteristics 

demonstrate d i s t i n c t and predictable a i r travel behaviour. Assuming this 

hypothesis to be true, the composition and size of the future a i r travel 

market w i l l be determined p r i n c i p a l l y by the future size of each of the 

corresponding elements of the population as a whole, measured in terms of 

(at least) occupation, age, industry, income and education, and the di s 

t i n c t growth rate of a i r travel frequency per thousand people in each 

15 Ibid., p. 23. 
16 lb i d . , p. 24. 
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population group. The Port of New York Authority has made the most com

prehensive use of the market analysis forecasting technique.^ The 

Douglas A i r c r a f t Corporation conducted a s u p e r f i c i a l study using this 

technique. 

A s i x t h a i r travel forecasting method i s the t r a f f i c model approach, 

T r a f f i c models estimate, through equations, travel by each major travel 

mode on each origin-destination segment for each of several t r i p types. 

T r a f f i c models are very sensitive to changes i n the travel time, cost 

and convenience of tra v e l by each available travel mode, as well as to 

socio-economic changes as they affect t r a v e l . So far travel models have 

been used mainly for urban transportation purposes, but some a i r t r a f f i c 

models have been developed for i n t e r - c i t y t r a v e l . Probably the most 
19 

extensive application is by Wesley H. Long. 

Unfortunately, s t a t i s t i c a l information on a i r travel in Canada i s 

less complete than i n the United States and data on other modes of travel 

such as car and bus t r i p s i s even less available. Consequently, t r a f f i c 

and market analysis forecasting techniques could not be experimented with 

i n this study. 

Port of New York Authority, New York's Air Travelers, A Report 
Prepared by the Forecast and Analysis Division of the Aviation Department 
(New York: Port of New York Authority, 1955). 

18 
Douglas A i r c r a f t D i v i s i o n , Measuring the 7Q's--An Air Travel  

Market Analysis, (Long Beach, C a l i f o r n i a : Douglas A i r c r a f t D i v i s i o n , 
1966) . 

Wesley H. Long, "City Characteristics and the Demand for Inter-
urban A i r Travel", Land Economics, XLIV (May, 1968), pp. 197-204. 



CHAPTER I I 

THE FORECASTING TECHNIQUE USED IN THIS STUDY 

A. Forecasting Using Multiple Regression Models 

Due to the problems of inadequate Canadian a i r passenger travel 

data, as mentioned in Chapter one, the author f e l t that the most approp

r i a t e method of forecasting a i r passenger boardings at the major Canadian 

airports would be with dynamic and s t a t i c , multiple regression models. 

The dynamic model i s a new approach at forecasting a i r passenger boardings, 

since at the time of this study not one example of i t s use in forecasting 

a i r passenger boardings could be found. The major airplane manufacturers 

(Boeing, Douglas and Lockheed), the C i v i l Aeronautics Board and the 

Federal Aviation Agency have made quantitative forecasts of U.S. a i r 

passenger boarding using only s t a t i c multiple regression forecasting 

models. The dynamic model of this study expresses the idea that current 

decisions are influenced by past behaviour i . e . habit formation. Also, 

although there are many examples of the use of a s t a t i c model for fore

casting boardings using variables similar to those used in this study, 

the form of this study's s t a t i c models is unique since i t t r i e s to take 

into account the increasing a i r travel e l a s t i c i t y of r i s i n g per capita 

incomes. 

Throughout this study, i t must be remembered that high correlation 

coefficients with time-series are commonplace, so that this in i t s e l f i s 

l i t t l e reason for self-congratulation. More important i n many respects 

is the s t a t i s t i c a l significance of the regression c o e f f i c i e n t s . The 

s t a t i s t i c a l significance or r e l i a b i l i t y of regression coefficients i s 



usually measured in terms of the standard errors of the regression co

e f f i c i e n t s . Given the assumption of a normal d i s t r i b u t i o n , 99 percent of 

a l l the individual observations w i l l f a l l within three standard errors 

of the regression c o e f f i c i e n t , 95 percent w i l l f a l l within two standard 

errors and 68 percent within one standard error. Thus, one can t e l l how 

well a regression c o e f f i c i e n t represents the data on which i t i s based 

by examining the size of the standard error of the regression c o e f f i c i e n t ; 

the smaller the standard error, the smaller the scatter in the data and 

the better the regression represents that pa r t i c u l a r data. In this study, 

any model which has a regression c o e f f i c i e n t with a standard error larger 

than the regression coeff i c i e n t has been rejected. 

Multiple regression need not be carried out only on a linear basis 

but can be f i t t e d to any mathematical curve. In the present state of the 

forecasting a r t , the mathematical form of the forecasting model cannot be 

specified a p r i o r i . Although there i s quite wide agreement on the adoption 

of a mathematical growth curve describing f i r s t of a l l a rapid development, 

tending after a certain stage to a degree of s t a b i l i z a t i o n ; there are wide 

differences of opinion as to the exact stage of development reached i n 

Canada.''" Thus several different forms, especially those involving loga

rithmic transformation of one or more of the variables w i l l be t r i e d . 

It i s possible, given a s u f f i c i e n t number of parameters and a small 

number of observations, to adjust any curve to a mathematical expression. 

The adjustment, however, is only of p r a c t i c a l value when i t retains but 

three or four e a s i l y measurable variables and expresses a simple, easily 

G. Desmas, Methods of Market Research in A i r Transport, (Paris: 
I n s t i t u t du Transport Aerien, 1964), p. 49. 
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interpreted relationship. Since the computer is being used in this study, 

many large models involving many variables could easily be b u i l t . The 

l i m i t s of the computer's ca p a b i l i t i e s , however, extend well beyond the 

l i m i t s of their usefulmess i n model building. Using the high order of 

computation c a p a b i l i t i e s of computers, complex mathematical models have 

been developed in other transportation f i e l d s (especially urban transporta

tion) to purportedly show s c i e n t i f i c a l l y the exact relationships between 

large numbers of variables depicting the many characteristics of t r a v e l 

l e r s . But in developing these seemingly precise mathematical models, the 

important fact seems to have been overlooked, that there are few, i f any, 

f u l l y validated and generally accepted behavioral models, and few r e a l i s t i c 

measurable inputs for the computers to digest. Complex mathematical models 

founded on a series of assumptions as to human behavior rather than on 

factual data, have created an aura of mathematical precision that i s very 

misleading. 

Mathematical forecasting models used with a r e l a t i v e l y few meaning

f u l variables, however, are much better than verbal models. F i r s t of a l l , 

a forecast based on i n t u i t i o n i s hard to define. It is d i f f i c u l t to 

explain exactly what is and what is not taken into account and to what 

extent. Secondly i t i s d i f f i c u l t to choose among several verbal models 

since t h e i r accuracy i s hard to test. On the other hand, a mathematical 

model leads to completeness. The mathematical framework allows one to see 

where gaps exist so that important areas or essential relationships are 

less l i k e l y to be omitted. Thirdly by setting up formal de f i n i t i o n s of 

relationships, the vagueness and inaccuracy present in many verbal 

theories is precluded. For example, multiple regression and correlation 

techniques may show that i t i s impossible to accept, as is so often done 
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in verbal forecasts, the simplifying assumption of a l l other things 

remaining constant. A fourth advantage of mathematical models is that 

the i r framework permits the use of actual figures. Furthermore, with 

predictions in actual figures, i t is easily possible to test prediction 

results so that i f errors occur, the model can be easily corrected. Of 

course, i t should be emphasized that the results of a mathematical model 

can be no better than the assumptions and the series of s p e c i f i c judgments 

that go into the model. 

A mathematical framework does not have to be complete i n every 

d e t a i l . The forecaster must use judgment and make l o g i c a l assumptions in 

forming the framework. The forecaster can test the effect of opposing 

ideas to see i f they would make s i g n i f i c a n t differences i n the predicted 

r e s u l t s . A l o g i c a l l y more v a l i d forecasting model would introduce 

variables which would be d i f f i c u l t to measure and project, and the whole 

structure would be much more complex. The best plan of attack i s to f i r s t 

deduce what are the immediate causes suggested by theory, and then to 

subject them to p r a c t i c a l considerations of manageability and a v a i l a b i l i t y 

of s t a t i s t i c a l observations. In most cases, a r e l a t i v e l y small number of 

variables w i l l s u f f i c e since, although there may, in fact, be many other 

variables r e l a t i n g to the s i t u a t i o n , they may either tend to balance each 

other out or be of minor importance quantitatively. 

Of course, s i g n i f i c a n t differences between the estimated levels of 

the predictor factors used in the multiple regression forecasting models 

developed i n this study and the levels actually realized during each of 

the next nine years would necessitate revising the forecasts. Even i f 

the independent variables do approximate their estimated values, actual 

a i r passenger boardings w i l l probably not correspond exactly with the 
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forecasts because they are based on a study of average relationships. 

But i f the values of the independent variables turn out as forecast, i t 

is u n l i k e l y that the number of Canadian a i r passenger boardings w i l l d i f f e r 

s i g n i f i c a n t l y from the levels indicated by s t a t i s t i c a l l y v a l i d and l o g i 

c a l l y correct multiple regression forecasting models. 

The art of forecasting has been developing during the last few 

decades, and w i l l no doubt be considerably refined as time goes on. Such 

refinement w i l l come about mainly as a result of improvements in the 

c o l l e c t i n g and processing of important s t a t i s t i c s and an improved under

standing of economic relationships and human behavior. Today, man cannot 

re l y on the c r y s t a l b a l l or patterns of tea-leaves to t e l l the future, but 

he must know the future subject to unpredictable events--and mathematical 

forecasts should not be measured by a non-valid yardstick borrowed from 

the greener pastures of the experimental s c i e n t i s t s . 

B. Choice of Independent or Predictor Variables 

There i s a wide variety of possible predictor or independent 

variables which could appear i n a regression equation. An appraisal of 

the various factors affecting a i r travel can never be complete, but some 

of the most important are the following: 

(1) General Economic Health Measures 

(a) Gross National Product--Since this variable measures the 

t o t a l value of goods and services produced by the Canadian 

economy, i t demonstrates the process by which these goods and 

services were produced and incomes were generated. Like any 

other industry, the a i r transportation industry i s dependent 

on the economy within which i t e x i s t s . However, the t o t a l 
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a i r transportation industry (and each segment of the industry) 

w i l l expand at rates d i f f e r i n g from that of the t o t a l economy, 

so that one cannot forecast commercial a i r travel just on the 

basis of Gross National Product since one does not know the 

position of the industry on the Gross National Product growth 

curve. In other words, we cannot simply relate a i r travel to 

Gross National Product functionally for long periods since 

one cannot allow for the "youth" of a i r transport. For 

example, one cannot assume a s t a b i l i t y of psychological factors 

and fare l e v e l s . Furthermore, i t i s generally assumed that 

the rate of growth of commercial a i r t r a f f i c exceeds that of 

the t o t a l economy because of the changing composition of 

consumer demands as personal income r i s e s . In other words, 

with the r i s e in personal income, the purchase of services, 

including a i r transportation, tends to command an increasing 

percentage of the consumer d o l l a r . Reliable estimates of 

potential Gross National Product to 1975 have been made by 

the Economic Council of Canada. 

(b) R e t a i l Sales—As evidenced by continued increases in the volume 

of Canadian R e t a i l Sales, Canadian consumers are spending 

their larger incomes. However, as r e t a i l sales have not i n 

creased as fast as discretionary income, people have an 

increasing capability to buy goods and services, such as a i r 

t r a v e l , which are not essential for maintaining a basic standard 

of l i v i n g . 

Population Trends 

(a) Total S i z e — S i n c e consumption and production, not only of the 
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products of a v i a t i o n but of a l l other goods and s e r v i c e s , 

depend f i r s t on popu l a t i o n s i z e , t h i s i s a very important 

v a r i a b l e . The r a t e of growth i n Canadian p o p u l a t i o n has been 

d e c l i n i n g s i n c e the Canadian b i r t h r a t e began to f a l l and since 

net immigration began to l e v e l o f f . Although t h i s might at 

f i r s t glance appear to have an adverse e f f e c t on the a i r 

t r a v e l market, i t may not sin c e w i t h " f a m i l y p l a n n i n g " there 

w i l l be a r e d u c t i o n i n f a m i l y s i z e . With smaller f a m i l i e s , 

l e s s i s spent on the minimum l i v i n g n e c e s s i t i e s of food, 

c l o t h i n g and housing, l e a v i n g more f o r d i s c r e t i o n a r y spending 

on a i r t r a v e l . 

(b) Age D i s t r i b u t i o n — W i t h the passage of time, the p r o p o r t i o n 

of experienced a i r t r a v e l l e r s and those who have been born and 

reared during the age when a i r t r a n s p o r t a t i o n became a primary 

mode of common c a r r i e r t r a v e l w i l l increase as o l d s t e r s who 

have never taken an a i r t r i p represent a smaller p r o p o r t i o n 

of the p o p u l a t i o n . There i s s t i l l u n c e r t a i n t y as to the e f f e c t 

of t h i s r i s e i n t r a v e l experience on the volume of a i r t r a f f i c 

s i nce at present we do not know whether experienced a i r t r a v e l 

l e r s w i l l continue to be more l i k e l y to employ t h i s mode than 
2 

other people, other f a c t o r s remaining constant. 

(c) Education--Educated people u s u a l l y have both the d e s i r e and the 

means to t r a v e l , and t h e i r occupations commonly c a l l f o r a 

considerable amount of a i r t r a v e l . 

J . B. Lansing, The T r a v e l Market: 1958, 1959-1960, 1961-1962. 
(Ann Arbor, Michigan: Survey Research Center, 1963), p. 51. 
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Education has both an indirect and a direct effect on a i r 

t r a v e l . The direct effect i s a result of t r a v e l l i n g by a i r 

for the purpose of "going to and from school." In the future, 

international educational travel for purposes of study, teaching 

and research should increase since international educational 

exchange i s becoming an important feature of international 

r e l a t i o n s . 

The indirect impact of education which is indicated by the fact 

that professional, technical, managerial and administrative 

people tend to travel by a i r more frequently than persons i n 

other occupations, i s far more important than the direct impact 

of education. This has been brought out in several United 
3 

States a i r passenger surveys by John B. Lansing. A i r Canada 
4 

also found this out in a Vancouver a i r travel survey. Surveys 

by John B. Lansing have also found that the proportion of per

sons with college degrees or some college tra i n i n g i s s i g n i f i 

cantly higher among a i r passengers than among the general 

population.^ 

In the future these direct and indirect impacts of education 

w i l l exert considerable influence on the future volume of a i r 

t r a v e l . School enrollments and especially university enrol

lments, are increasing faster than population. 

3 
I b i d . , p. 70. 

4 
A i r Canada, The Vancouver Market Experiment, A report Prepared by 

the Market Analysis Division (Montreal: A i r Canada, 1967), p. 109. 
^Lansing, op. c i t . , p. 76. 
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(d) Leisure and Recreation Time--The average work week has steadily 

declined over the past 50 years and i s expected to decline 

gradually during the forthcoming decade. Consequently leisure 

and recreational time w i l l have increasingly s i g n i f i c a n t 

economic and s o c i a l ramifications. Furthermore longer block-

time leisure should increase in the future, as more and longer 

vacations and holidays, early retirement and possibly longer 

weekends become a r e a l i t y . 

The true significance of increased leisure periods can be 

rea l i z e d when we also take into account changes i n the age, 

income and education of Canadians. By 1975, the over 65 age 

group should have increased by 20 to 30 percent and this group 

w i l l have the greatest amount of leisure time. Also those i n 

the higher income brackets normally devote more daily time to 

their work and therefore value leisure time more highly. As 

a result much of their leisure time w i l l be devoted to changing 

th e i r environment, and to rest and relaxation. The non-business 

portion of a i r travel (about one-third of domestic and three-

fourths of overseas passengers carried by United States 1 

scheduled a i r l i n e s ) i s a larger potential a i r travel market 

than business a i r t r a v e l . So far the a i r l i n e s have not been 

too successful i n capturing a large share of the domestic non

business travel market. 

In the calculations reported in this study, most variables are expressed in 

A i r Transportation 1975 and Beyond: A Systems Approach, A Report of 
the Transportation Workshop 1967 (Cambridge, Massachusetts: Massachusetts 
I n s t i t u t e of Technology Press, 1968), p. 173. 
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per capita terms so that forecasts of t r a f f i c per head are m u l t i p l i e d by 

forecasted population l e v e l s to get t o t a l boardings. It i s desirable to 

use per capita terms p a r t l y because the underlying theory of consumer 

choice r e f e r s p r i m a r i l y to i n d i v i d u a l s , and p a r t l y because per capita 

r e l a t i o n s h i p s are l i k e l y to be more meaningful and stable than r e l a t i o n 

ships between aggregates. Furthermore, i t i s f e l t that i t is i l l o g i c a l to 

use combinations of v a r i a b l e s such as Gross National Product (related to 

population mass) and consumer pr i c e index and a i r l i n e passenger y i e l d per 

passenger-mile (related to persons). However, the use of per capita 

figures r a i s e s the d i f f i c u l t y of not being s t r i c t l y correct in giving a l l 

persons equal weight i r r e s p e c t i v e of age and sex. As i s well known, in 

p r i n c i p l e one should use a scale of weights; but due to the l i m i t e d data 

a v a i l a b l e on the c h a r a c t e r i s t i c s of a i r t r a v e l l e r s , the use of such a 

scale i s not p o s s i b l e . 

(3) Income Changes 

(a) Discretionary Income--This i s a general measure of the funds 

av a i l a b l e for non-essential consumer spending and as such gives 

an i n d i c a t i o n of how much Canadians can spend on a i r t r a v e l . 

Perhaps, i n the future, larger portions of d i s c r e t i o n a r y income 

w i l l be spent on a i r t r a v e l as Canadians become more a f f l u e n t 

and have greater l e i s u r e periods i n which to spend t h e i r incomes. 

A i r transportation i s in an a t t r a c t i v e p o s i t i o n for continued 

rapid growth i f i t can compete with other services and goods 

av a i l a b l e to the consumer. In 1965, for instance, the t o t a l 

passenger service sales of a l l Canadian scheduled a i r l i n e s 
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amounted to approximately $282 m i l l i o n . ^ Yet in 1965, personal 

consumption expenditures for services amounted to more than 

$12,625 m i l l i o n . 8 

Unfortunately, r e l i a b l e published forecasts of discretionary 

income could not be found, 

(b) Household Di s t r i b u t i o n of Income--The t o t a l amount of d i s 

cretionary income available for a i r travel gains added s i g 

nificance when i t i s seen that the portion of families with an 

income of $10,000 or over has increased greatly since 1955. 

T r a d i t i o n a l l y , a i r l i n e s have drawn most of the i r customers from 

the middle and upper income brackets. The Lansing Reports found 

that, of those who travelled by a i r , income le v e l i s obviously 

a decisive factor since 59 percent of those with incomes of 
9 

$10,000 and over are experienced a i r t r a v e l l e r s . 

(4) Urbanization Factors — Generally speaking, urban dwellers have higher 

incomes, have more recreation and travel time, and are less conserva

tiv e in th e i r outlook with respect to exploring new h o r i z o n s . ^ Since 

1955, t o t a l Canadian urbanization has increased. 

Increasing urbanization also affects the length of time spent i n 

getting to an airport to start a f l i g h t since new airports are being 

^Dominion Bureau of S t a t i s t i c s , C i v i l Aviation; 1965 (Ottawa: 
Queen's Pri n t e r , 1965), p. 24. 

g 
Dominion Bureau of S t a t i s t i c s , National Accounts-Income and Expen

dit u r e ; 1965 (Ottawa: Queen's Pri n t e r , 1965), p. 50. 
^Lansing, op. c i t . , p. 1 

^The Douglas A i r c r a f t Corp., Effect of Selected Demographic  
Characteristics on U.S. Cit i z e n Travel Abroad (Los Angeles: The Douglas 
A i r c r a f t Corporation, 1967), p. 1. 
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forced further out into the country to avoid r e s i d e n t i a l areas because 

of i t s requirement for long clear approaches and of the noise generated 

along these lanes. Thus, with the increasing speed of planes, the 

amount of time spent getting to an airport to start a f l i g h t as a 

percentage of t o t a l time from o r i g i n to destination tends to increase. 

The e f f o r t to plan and locate the airport so that i t i s isolated from 

the c i t y has c l e a r l y f a i l e d i n some areas and i t i s quite l i k e l y to 

f a i l i n others for two reasons; (a) the airport i n i t s e l f is not a 

passive element but a force that attracts development in i t s d i r e c t i o n , 

and (b) most c i t i e s are growing so fast as to make their boundaries 

short-lived. 

(5) Technology--Although there i s a wide divergence in opinion, i t appears 

that technical progress may have had just as great an influence on 

a i r travel growth as has economic expansion. Technical progress has 

allowed the v e r t i c a l component of growth to increase. 

As mentioned e a r l i e r the Boeing Company in a study e n t i t l e d "Forecast 

of U.S. Domestic A i r l i n e T r a f f i c 1961-1975", found that a i r t r a f f i c 

develops i n successive leaps according to technical progress leading 

to the introduction of new a i r c r a f t types. These leaps have been of 

nine year intervals since 1926, and the growth rate of each new cycle 

was about one-half that of the preceding cycle."''''" Also mentioned 

e a r l i e r , the Boeing Company has forecast a i r t r a v e l , using the concept 

of a growth industry—growth begins with innovation and i t continues 

as long as technological improvements: (a) upgrade quality and lower 

unit costs simultaneously; (b) upgrade quality at s t a t i c unit costs; 

^T. F. Comick and W. M. Wallace, Forecast of United States Domestic  
A i r l i n e T r a f f i c 1961-1975, Market Research and Planning Di v i s i o n , The Boeing 
Company (Renton, Washington: The Boeing Company, 1961), p. 6. 
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12 or (c) lower unit costs at s t a t i c quality. 

(6) Fares—Although i t i s generally recognized as desirable to introduce 

a fares factor i n any equation r e f e r r i n g to the growth of a i r t r a v e l , 

this i s considered a delicate i f not impossible operation. However, 

i t i s essential to allow for the influence of price changes in any 

forecasting model. Many forecasting models give price an i m p l i c i t 

r o l e , assuming that rates w i l l adapt themselves to market conditions . • 

and w i l l not impede development. Other models assume fares to be 

stable or that they w i l l develop at a given rate. As of yet, there 

have been few good studies of the e l a s t i c i t y of demand as applied to 

a i r l i n e fare reductions due to the problems associated with holding 

constant such items as changes in the general price l e v e l , alternations 

in consumer's attitudes, technological advances and variations i n 

competitive mode prices. Perhaps the best study so far i s the one 
13 

by Brown and Watkins of the C i v i l Aeronautics Board. At present, 

the Department of Transport i s conducting a market survey of a i r 

passengers which should give an indication of the attitudes of 

existing or potential customers to price levels and different fare 

combinations. 

Fu l l y r e a l i z i n g the complexity of the rates question, the fare factor 

chosen i n this study is average a i r passenger y i e l d per passenger-mile 

W. M. Wallace and J. G. Moore, Call i n g the Turns--The Forecasting  
Problem i n the A i r Transport Industry, Market Research and Planning Div i s i o n , 
The Boeing Company (Renton, Washington: The Boeing Company, 1968), p. 9. 

13 
S. L. Brown and W. S. Watkins, "The Demand for A i r Travel: A 

Regression Study of Time-Series and Cross-Sectional Data i n the U.S. 
Domestic Market" (Washington: Government Printing Office, 1968). 
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for Canadian scheduled carriers i.e. t o t a l a i r passenger revenue 

divided by t o t a l a i r passenger-miles. This i s a general average of 

a l l fares paid by the public, r e f l e c t i n g the effects of the growing 

proportion of economy t r a f f i c and discount fares, as well as changing 

prices in a i r as well as other modes of t r a v e l . It would have been 

much better to use a measure of fare structure since the price is far 

more important to the individual farepayer than the o v e r a l l average 

y i e l d ; since no one pays the average y i e l d . A fare structure measure 

would give appropriate consideration to the cost and value of service 

differences between classes of service and between long, medium and 

short-haul fares to the individual farepayer. However, due to a lack 

of adequate data on fare structures, the average y i e l d had to be used 

in this study. 

In the past, there have been substantial price changes depending on 

the length of haul and these are reflected i n the average a i r passenger 

y i e l d . In 1958, there was a substantial reduction, p r i n c i p a l l y in 

economy fares. From 1958 onward there was an upward d r i f t in fares 

u n t i l 1961, when fares were increased for short and medium haul t r i p s , 

but long-haul economy fares were substantially reduced. However, in 

1962, f i n a n c i a l problems forced an upward revision i n fare levels in 

nearly a l l categories. No further major changes were made to fares 

u n t i l 1968 when most domestic fares were on the average increased by 

ten percent with a $2 minimum increase. 

To make forecasts of t o t a l Canadian a i r passenger boardings, i t is 

necessary to have forecasts of the various predictor variables used i n the 

forecasting model. Fortunately, forecasts of some predictor variables have 

been made by r e l i a b l e external groups. Forecasts of potential Canadian 
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Gross National Product and population made by the Economic Council of 

Canada are shown i n Table I. The forecasts of potential GNP in current 
14 

dollars assume a two percent GNP price deflator. Forecasts of the other 

socio-economic variables can be made from h i s t o r i c a l data using trend 

projection i n conjunction with the exponential smoothing method of 

finding the trend l e v e l , but necessarily these w i l l be much cruder long-

range forecasts due to the elementary projection technique employed. A i r 

Canada has used this method, adding an annual 1 percent and 2 percent to/ 

from the exponentially smoothed curve to give f i v e forecasts of predictor 

variables ."'"'' Since this method is crude, i t was f e l t that i t would be 

far better not to make any internal forecast of socio-economic variables, 

but rather to r e l y on r e l i a b l e external forecasts where available. I t i s 

even more d i f f i c u l t to forecast a i r passenger y i e l d per passenger-mile 
a 

since this depends so much on a i r l i n e ' company p o l i c i e s , and the eff i c i e n c y 

of the next generation of airplanes. 

It does not look as i f there w i l l be substantial reductions in unit 

capacity costs due to larger future passenger volumes since the effective 

impact of economies of scale on t o t a l costs are uncertain. However, tech

n i c a l improvements in a i r c r a f t , f l i g h t support equipment, reservation 

systems, luggage handling and t i c k e t i n g could substantially reduce unit 

capacity costs and passenger costs i n the future. But declining unit 

The Economic Council of Canada, Fourth Annual Review—The Canadian  
Economy from the 1960's to the 1970's, September 1967, p. 110. 

"'""'Kates, Peat, Marwick and Co., "Study of A i r Travel Forecasting 
Techniques", (Toronto: Kates, Peat, Marwick and Company, 1967), p. 56. 
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TABLE I 

FORECASTS OF POTENTIAL GROSS NATIONAL 

PRODUCT AND POPULATION 

Population Based on 
Medium Immigration 

Year Gross National Product and F e r t i l i t y 
'000,000 '000 

In Constant Dollars In Current Dollars 

1967 60,625 61,779 20,251.8 
1968 63,656 66,103 20,596.3 
1969 66,839 70,730 20,943.7 
1970 70,181 75,681 21,294.0 
1971 73,515 80,600 21,647.7 
1972 77,007 85,839 22,008.1 
1973 80,665 91,419 22,374.9 
1974 84,496 97,361 22,747.9 
1975 88,510 103,689 23,126.5 
1976 23,509.9 
1977 23,900.3 
1978 24,297.7 
1979 24,701.2 
1980 25,110.0 

Sources: The Economic Council of Canada, Fourth Annual Review—  
The Canadian Economy from the 1960's to the 1970's, 
September 1967, p. 89. 

Wolfgang I l l i n g , Population, Family, Household and Labour  
Force Growth to 1980 (Ottawa: Economic Council of Canada, 
1967), p. 40-41. 
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capacity cost does not necessarily mean f a l l i n g fares. There is the danger 

that a i r l i n e overcapacity w i l l develop, and a i r carriers w i l l propose 

r a i s i n g passenger-mile yields r e l a t i v e to passenger-mile costs in an 

attempt to improve p r o f i t s . However, so f a r , studies have found that 

"fare increases have l i t t l e effect on revenues but can substantially affect 

t r a f f i c growth."''"^ As a r e s u l t , fare increases would probably cause the 

t r a f f i c levels to be substantially below forecast levels and be ineffective 

in improving the p r o f i t s i t u a t i o n . 

Consequently the future a i r passenger y i e l d per passenger-mile is 

very dependent on the future capacity of the Canadian scheduled a i r l i n e 

industry. This study does not attempt to forecast capacity but rather 

gives f i v e alternative forecasts of a i r passenger y i e l d per passenger-mile 

and shows how they affect the future size of a i r passenger boardings. 

Forecast A i s based on the assumption that fares w i l l decline 0.1334 

current cents annually--the average annual decrease from 1955 to 1966. 

Forecast B i s based on the assumption that fares w i l l decline more annually 

in the future, that i s they w i l l decline 0.20 current cents annually. A 

t h i r d fare assumption of an average annual decline in fares of only 0.05 

current cents gives Forecast C. Forecast D i s based on the assumption that 

fares w i l l remain constant i n current cents at the 1966 l e v e l i n the future. 

The f i f t h fare assumption of an annual increase of 0.05 current cents gives 

Forecast E. 

It might be appropriate at this point, to comment on the quality 

of the data used. Since for most variables they are the only figures 

Forecasts of Passenger T r a f f i c of the Domestic Trunk Carriers, 
Domestic Operations, Scheduled Service, 1965-1975, Research and S t a t i s t i c s 
D i v i s i o n , Bureau of Accounts and S t a t i s t i c s , C i v i l Aeronautics Board 
(Washington: Government Printing Office, 1965), p. 11. 
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available, there is no basis for commenting on their accuracy without a 

great deal of additional research. However, i t is an accepted fact that 

total Canadian domestic and international boardings can be out by as much 

as five percent a year. One is always tempted to attribute unsatisfactory 

regression results to defects in the data but i t is equally conceivable 

that'crude data w i l l give higher correlations. 



CHAPTER I I I 

MAJOR PROBLEMS AND ASSUMPTIONS 

A. Major Problems 

The determination of a r e l a t i o n between the past and the future 

encounters major d i f f i c u l t i e s i n economic time series projections. Some 

of the major problems have already been mentioned, but further elaboration 

on them and others i s necessary. 

F i r s t of a l l , i t i s possible, guided by purely empirical c r i t e r i a 

of goodness of f i t , to f i t a great variety of curves to describe past 

data f a i r l y adequately, but each curve yields different projection levels 

for the future. The crux of the problem l i e s i n the fact that, in the 

absence of effec t i v e theory or even of working hypotheses, a great wealth 

and variety of data i s needed to d i f f e r e n t i a t e amongst the many models 

that can describe major characteristics of change. However, no such variety 

of data i s available at present. With the limited information now available 

on a i r passenger characteristics in Canada, i t i s extremely d i f f i c u l t to 

choose even among the simple models used to describe underlying secular 

trends in a i r passenger boardings. The development of superior a i r travel 

forecasting models requires a detailed data base providing travel demand 

by origin-destination segment, t r i p purpose, socio-economic type of t r a v e l 

l e r , party size and other market i d e n t i f i c a t i o n features; at present, 

however, such data are lacking. 

Although an attempt may be made to determine individual behavior, 

which d i f f e r s greatly depending on whether an economic or socia l viewpoint 
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i s taken, no data are available to know correctly what percentage of a i r 

travel i s business and what percentage i s pleasure. Knowledge of the 

s p l i t between business and pleasure travel i s important in policy decisions, 

owing to the very different demands placed on airport f a c i l i t i e s by, for 

example, large families with many pieces of luggage and a business t r a v e l 

l e r with only a briefcase. With an adequate data base, a market analysis 

forecasting model could be used. 

Projections into the future w i l l d i f f e r s i g n i f i c a n t l y depending 

on the model used as can easily be demonstrated by f i t t i n g three curves, 

such as an exponential, double-logarithmic and linear curve to past data 

on boardings and then projecting values into the future. This projecting 

problem is made even more d i f f i c u l t by the fact that at present, there 

are only eleven years of h i s t o r i c a l boarding data from which to derive 

relationships for ten year forecasts. With such a short period, i t i s 

quite easy to calculate trends which may simply be "optical i l l u s i o n s " or 

may only partly account for the facts. In order to pick out long-term 

trends, quite long periods of data are needed in which certain factors 

are stable and s p e c i f i c general conditions are maintained. Irregular and 

fast growth lends i t s e l f much less readily to forecasting. 

In conjunction with the d i f f i c u l t y of choosing between many theore

t i c a l models, there are several other problems that arise when time-series 

data are used in multiple regression models. These problems are auto

cor r e l a t i o n , m u l t i c o l l i n e a r i t y , and lagged variables. 

If a l l observations of variables are completely random drawings from 

a bi v a r i a t e or multivariate normal universe ( i . e . successive observations 

are drawn independently of previous values), a l l the simple, and multiple 

correlation c o e f f i c i e n t s , the simple and multiple regression coefficients 
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and the standard error of estimate, calculated from the observations are 

true estimates of corresponding parameters of that universe. However, 

in time-series analysis, this quite often i s not true since auto

correlation coefficients (the correlation between each item of a series 

and the item of the same series next following i t in time)''" d i f f e r s i g 

n i f i c a n t l y from zero, meaning that the basic simple sampling conditions 

have probably not been met. 

If the simple method of least squares is applied in a si t u a t i o n i n 

which the random errors are autocorrelated, the sampling errors under-
2 

estimate the true sampling errors of the estimates. The regression 

coef f i c i e n t s w i l l be unbiased but the downward bias in the standard errors 

w i l l tend to d i s t o r t the tests of significance, and make the results look 

s i g n i f i c a n t i n cases where they are not. Thus the serious effect of auto

correlation i n the random errors is that supposedly s i g n i f i c a n t results 

could be i n s i g n i f i c a n t in cases, where, i f we had the correct standard 

errors, the estimates c l e a r l y would not be s i g n i f i c a n t . 

There are two commonly used tests for the presence of s i g n i f i c a n t 

autocorrelation in residuals: (a) a c o e f f i c i e n t of autocorrelation and 

(b) the r a t i o of "mean-square successive difference" to the variance ( i . e . 

Von Neumann's r a t i o ) . I f the residual derived from mathematically f i t t e d 

regression i s Z, then the coefficient of autocorrelation i s calculated 

as follows: . 

Mordecai Ezekiel and Karl A. Fox, Methods of Correlation and  
Regression Analysis (New York: John Wiley, 1963), p. 327. 

2 
James J. Thomas, Notes on the Theory of Multiple Regression  

Analysis (Athens, Greece: Center of Economic Research, 1964), p. 96. 
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m 
I Z t Z t - 1 r = t=l a 

I Zt2 
t=l 

Where n i s the sample size and Z again is a res i d u a l , the formula for 

calculating Von Neumann's r a t i o i s : 

m 2 
I < Z

t - l " V t=2 
n - 1 

6 2 

s z 
2 m-1 0 

Von Neumann's r a t i o gives a better indication of autocorrelation since i t 

is based upon somewhat less r e s t r i c t i v e assumptions and since 1950 has been 
3 

generally used i n the analysis of economic time series. At the given l e v e l 

of significance and the appropriate sample size (N), there is positive 

autocorrelation i f Von Naumann's r a t i o f a l l s below the following c r i t i c a l 

value of K, or negative autocorrelation i f i t exceeds the following 

c r i t i c a l value of K'; i f i t f a l l s between the two c r i t i c a l values, no 

evidence of autocorrelation i s present. 

3 Ezekiel, op. c i t . , p. 337. 
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TABLE I I 

Five and One Percent Significance Points 
for the Ratio of the Mean-Square Successive 

Difference to the Variance 4 

N Values of K Values of K1 

P = .01 P = .05 P = .05 P = .01 
10 .8353 1.1803 3.2642 3.6091 
11 .8706 1.2062 3.1938 3.5294 
12 .9033 1.2301 3.1335 3.4603 

I f there i s autocorrelation, an estimating procedure must be used which 

e x p l i c i t l y takes this dependence into account. The methods used, y i e l d 

estimates of the regression coefficients in two stages. F i r s t , the para

meters of the assumed f i r s t - o r d e r autoregressive process are computed to 

generate the error terms: 

u = pu + v t p t - l t 

Second, the resulting estimate of p, p, are used to transform the o r i g i n a l 

variables as follows: 

Y t = Y t " P Y t - l 

X.',. = X.^ - pX.„ . i t i t xt-1 

(Z)> 

Note that i f f> = 1., then this process amounts to taking f i r s t differences 

and i f p > 0, the transformed variables are weighted sums (rather than 

differences) of the o r i g i n a l variables.~* There are two common methods of 

4 
Ibi d . , p. 341. 

^For formal j u s t i f i c a t i o n of the procedure, see J. Edward Kane, 
Economic S t a t i s t i c s and Econometrics (New York: Harper and Row, 1968), p. 37 
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estimating p. 

One method of estimating p i s to assume e^ = pe^ ^ + v (suppress 

the intercept) where e is the ordinary least-squares error term. Of 

course, i f the v turn out to be autocorrelated, they can themselves be 

used as input data and another try made. However, each i t e r a t i o n throws 

away a valuable degree of freedom. 

A second method produces estimates of p with nice asymptotic 

properties and ones more e f f i c i e n t for samples of a l l sizes.^ Taking the 

two variables case (Y i s dependent and X is independent), one regresses 

Y on the three variables Y ^, X t, X ^ and estimate the parameter of 

the r e l a t i o n : 

Y t " 3 + P Y t - l + B l X t + B 2 X t - l + V t 

Then as before, one employs the re s u l t i n g estimate of p in equations (2) 

to generate the corrected variables Y' and X'. 

Not only does one have autocorrelation problems in time series 

regression analysis but also m u l t i c o l l i n e a r i t y problems. M u l t i c o l l i n e a r i t y 

is the "general problem which arises when some or a l l of the explanatory 

variables in a r e l a t i o n are so highly correlated one with another that i t 

becomes very d i f f i c u l t , i f not impossible, to disentangle their separate 

influences and obtain a reasonably precise estimate of their r e l a t i v e 
g 

e f f e c t s . " Least squares allocate the sum of explained v a r i a t i o n among 

Kane, op. c i t . , p. 371. 

' ' j . Durbin, "Estimation of Parameters in Time-Series Regression 
Models", Journal of the Royal S t a t i s t i c a l Society, Vol. 22, series B 
(1960), pp. 139-153. 

g 
J. Johnston, Econometric Methods (Toronto: McGraw-Hill, 1963), 

p. 201. 



the individual explanatory variables more a r b i t r a r i l y and unreliably as 

the degree of m u l t i c o l l i n e a r i t y increases. Consequently, m u l t i c o l l i n e a r i t y 

results in parameter estimates that are: (a) possessed of inordinately high 

standard errors and (b) discomfortingly sensitive to changes both in the 

precise data set employed and in the precise model s p e c i f i c a t i o n . As a 

r e s u l t , when m u l t i c o l l i n e a r i t y i s p a r t i c u l a r l y severe, no regression co

e f f i c i e n t w i l l prove s u f f i c i e n t l y large r e l a t i v e to i t s standard error to 

achieve s t a t i s t i c a l significance, while at the same time the equation as a 
2 

whole registers a very high R . 

Conventional methods of testing are not very precise and are exceed

ingly tedious to administer since when the number of variables is three or 

greater, i t i s no longer adequate to just look at pairwise relations among 

fi r s t - o r d e r correlation c o e f f i c i e n t s . M u l t i c o l l i n e a r i t y can be quite subtle 
involving the interaction of the various rows and columns of the moment 

9 
matrix. However, i f two or more time series are intercorrelated as the 

result of trends, the use of f i r s t differences (in a time series of n 

o r i g i n a l values, X t, there w i l l be n-1 f i r s t differences, X f c +^ - X^) w i l l 

t y p i c a l l y reduce intercorrelation and thus increase the probability that 

the regression coefficients obtained w i l l represent meaningful r e l a t i o n -

ships. 

I f theory leads to the formulation of a relationship in which lagged 

values of the dependent variable appear on the right-hand side of a least 

squares regression equation, we run into another problem. In applying 

Kane, op. c i t . , p. 278. 

^Ezekiel, op. c i t . , p. 342 
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least-squares regression we assume that the error terms are independent of 

future values of variables on the right hand side of the equation, as well 

as current and past values. However in a model with lagged values of the 

dependent variable on the right-hand side of an equation, the error term 

is not independent of future values of the explanatory variables. The 

consequences of using least-squares estimators when this assumption of 

independence between disturbance term and explanatory variable is viola t e d , 

is that the least squares estimates w i l l be biased, though i f the disturbance 

term has a normal d i s t r i b u t i o n , they w i l l tend to have the desirable asymp

t o t i c properties of consistency and e f f i c i e n c y . ^ 

But l e t us assume that the major d i f f i c u l t y of selecting the proper 

pattern of systematic change to describe the past has been solved and that 

accurate standard errors, confidence intervals and significance levels have 

been calculated for the regression c o e f f i c i e n t s . At this point, one faces 

the problem of determining whether this pattern can be projected into the 
12 

future. This d i f f i c u l t y must be examined in view of two considerations. 

F i r s t of a l l , w i l l the future contain some elements that did not exist in 

the past? I f , at the time of the forecast, there are indications or 

portents of impending changes, f u l l y taking these into account w i l l enable 

one to deal more precisely with the translation from the past to the future. 

But foreknowledge of such portents, no matter how good, is never ample. 

For example, w i l l the new generation of "jumbo j e t s " and v e r t i c a l takeoff 

Johnston, op. c i t . , p. 212. 
12 

Simon Kuznets, "Concepts and Assumptions in Long-Term Projections 
of National Product", Studies i n Income and Wealth, Vol. XVI, 1954, 
p. 14. 
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planes lower the cost, expand the market coverage, increase the safety, 

comfort and convenience of f l y i n g and decrease the travel time as much as 

past innovations such as the introduction of the jet? Obviously, a tech

n i c a l innovation l i k e the supersonic transport (SST) may materially a l t e r 

future travel patterns, i n the same way as the development of short-haul 

a i r c r a f t w i l l influence the structure of the market for t r i p s of between 

500 and 1,000 miles. In the past, each new generation of planes has 

increased a i r t r a v e l but this is no guarantee for the future. I t is 

necessary to ascertain whether the "new" changes are analogous to those 

that affected the pattern of past change which one is projecting, or 

whether they are so new as.to come outside the range of past changes. 

This r e a l l y introduces the second question of what was the range of 

changing situations under which the persistent pattern of long-term movement 
13 

was found i n the past. I f great changes occurred in possibly relevant 

conditions during the period in which one empirically establishes a long-

term trend, then this pattern has more significance than one calculated for 

a period in which the poten t i a l l y relevant conditions changed but l i t t l e . 

Unless i t i s assumed that the future w i l l be free of changes in r e l a t i v e 

conditions, projecting a pattern which has not been tested for a di v e r s i t y 

of conditions is a ri s k y endeavor. 

Thus, whether the past can be projected into the future depends on 

whether possible future changes, insofar as they can be foreseen at present, 

can be compared with the range of relevant changes in the past within which 

the systematic pattern persisted. This requires: (1) knowledge of the 

Ibid., p. 15. 
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conditions and factors that are relevant to the projection; (2) s k i l l to 

appraise the magnitude of future changes i n relevant factors and (3) s k i l l 

to estimate the magnitude of past changes i n relevant factors. 

B. Major Assumptions 

From the discussion of the previous section on major problems, 

i t can be concluded that any economic projection such as the present one, 

carries with i t a multitude of assumptions. 

A f i r s t group of assumptions is concerned with the continuity of 
14 

physical nature. It i s assumed that the laws governing the physical 

universe, as observed by empirical science i n the past, w i l l continue. The 

laws relate to inanimate nature, b i o l o g i c a l species and the psyche of man. 

A second group of assumptions pertains to forces or factors "that 

may be outside and not affected by the so c i a l system but which may affect 

i t much more s p e c i f i c a l l y than the borrowed assumptions" under the f i r s t 

group.^ The f i r s t group of assumptions only allows one to expect that 

society w i l l continue to function on the same broad physical foundation, 

but not to l i m i t or specify any particular magnitudes for the performance 

of human society. An assumption included in the group i s that there w i l l 

be no major breakthrough i n present modes of travel--however, improvements 

in the quality of a i r service w i l l gradually occur i n the future, as i n 

the past. Furthermore i t is assumed that technological development and 

innovation w i l l result in greater output per man-hour and the length of 

the work week w i l l decline gradually as i t has in the past. 

Ibid., p. 16 . 

Ib id ., p . 17 . 



- 39 -

A t h i r d group of assumptions is concerned with s o c i a l c o n t i n u i t y . ^ 

Such continuity i s more doubtful than that of the physical universe. 

Assumptions of continuity are e s s e n t i a l l y judgments of the effects of 

possible changes in the future, foreshadowed at present. Since the raison 

d'etre for a projection i s to indicate acceptable p o s s i b i l i t i e s , one must 

put l i m i t s on future events. One cannot simply say that the projection 

w i l l be accurate i f the future changes are l i k e those in the past since 

projections cannot assume wartime conditions or long periods of semi-

mobilization of s u f f i c i e n t magnitude to result i n continued in f l a t i o n a r y 

pressure. Although the economy w i l l probably experience ups and downs, i t 

i s assumed that the Canadian government w i l l be at least p a r t i a l l y e ffective 

in i t s countercyclical measures to prevent deflations and unemployment of 

the magnitude of the depression of the 1930's. It is also assumed that 

society w i l l adapt i t s e l f , belatedly or with d i f f i c u l t y , to new tastes and 

habits . 

The fourth and f i n a l group of assumptions may be regarded as 

"specifying conditions"."^ The purpose of some specifying conditions is 

to bring to the attention of the readers certain future contingencies, not 

necessarily revealed i n the past but which quite probably w i l l occur in the 

future while others set out future range l i m i t s of past changes. The 

specifying conditions for the basic variables used are: 

(1) The Canadian population and Gross National Product w i l l increase 

according to the estimates of the Economic Council of Canada. 

16 Ibid ., p. 19, 
17 Ibid. , p. 20. 
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The s p l i t in a i r travel between business and pleasure t r i p s 

and between professional and family t r a v e l , w i l l remain much 

the same in the future as in the past. Any change in the 

composition of the yet unknown c l i e n t e l e s p l i t would bring 

about changes i n the attitude towards the choice between a i r 

and surface transport. 

The r a t i o of domestic to international travel w i l l be much 

similar i n the future as in the past. 

In the future, the effect of competition from surface modes 

of transport w i l l be roughly the same as in the past. The 

possible introduction of much higher speed i n t e r - c i t y ground 

transportation systems w i l l not s i g n i f i c a n t l y induce short-haul 

passengers to s h i f t to surface transportation on a Canada wide 

basis. Implied in this assumption is that the problem of 

providing adequate airports and airport-access can be solved. 

Thus i t i s assumed that a i r travel w i l l continue to gain t r a f f i c 

from the railways and w i l l divert some t r a f f i c from the private 

car so a i r travel w i l l continue to grow as in the past provided 

the economy grows as predicted and that fares are competitive 

with respect to other modes. 

Although there may be a question of possible competition for 

business travel from other modern means of communication such 

as telephones with attached closed c i r c u i t t e l e v i s i o n screens, 

this study maintains that each has a different role to play and 

thus such development w i l l not greatly affect a i r t r a v e l . In 

1960, the University of Michigan Survey Research Center found 

that most business travelers either meet with a group of people 
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or have several appointments. Few t r i p s are made to talk to 

just one person. Consequently the purposes of a business t r i p 

could not be served by a system of communication designed for 

conversations between only two persons, one in each location. 

It was also found that the time spent at appointments on busi

ness t r i p s was quite long (usually over 12 hours). Consequently 

a new means of communication would have to be suitable for long 

periods of use. Therefore new methods of communication might 
18 

complement but should not supplement business t r a v e l . 

(6) There w i l l be no major interruptions of the productive process 

(including a i r l i n e industry) through labour disputes. 

(7) No s p e c i f i c provisions have been made for the future introduction 

of new types of a i r c r a f t such as "stretched" versions of the 

present subsonic j e t s , the C-5A, or the supersonic transport. 

The "stretched" versions of the present subsonics are affecting 

at present and w i l l affect in the future, passenger demand 

through their effect on passenger fares, but the C-5A or the 

SST w i l l have very l i t t l e impact on demand during the forecast 

period. I t i s hard to determine how the larger a i r c r a f t w i l l 

affect fares. The larger planes have lower direct operating 

cost per seat-mile but i f their introduction cycle coincides 

with a future recession in general business, fares would probably 

be increased. Fares would probably be increased as a result of 

Ai r Transportation 1975 and Beyond: A Systems Approach, A Report 
the Transportation Workshop 1967 (Cambridge, Massachusetts: Massachu-

tts I n s titute of Technology Press, 1968), p. 90. 
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the pressure of slower t r a f f i c growth and reduced p r o f i t s at a 

time when cash flow needs are highest. At the most recent 

International A i r Transport Association meeting in January of 

1969, i t was decided that fares on Jumbo Jets such as the 
19 

Boeing 747 would not be reduced. Although the bigger planes 

have lower operating costs per seat-mile, there is c o n f l i c t 

between the a i r l i n e s that plan to use the Jumbos (and who of 

course want the lowest possible prices) and the others who w i l l 

be without Jumbos (and who naturally do not want to be under-

priced by the "Jumbojetters"). 

(8) The Canadian scheduled a i r l i n e passenger y i e l d per passenger-

mile w i l l , i n the future, go in one of f i v e directions: i t w i l l 

decrease 0.1334 current cents annually (Forecast A); i t w i l l 

decrease 0.20 current cents annually (Forecast B); i t w i l l 

decrease 0.05 current cents annually (Forecast C); i t w i l l 

remain constant at the 1966 l e v e l (Forecast D); or i t w i l l 

increase 0.05 current cents annually (Forecast E). The reader 

may choose whichever projection he believes w i l l occur. In an 
20 

a r t i c l e published in July 1968, the International C i v i l 

Aviation Organization forecast an average annual reduction in 

world average fares per passenger-kilometre of two percent 

with a maximum of four percent and a minimum of no reduction. 
Ramsay Milne, "Jumbos Won't Reduce Fares", The Province, January 

29, 1969, p. 15. 
20 

International C i v i l Aviation Organization, A Review of the Economic  
Situation of A i r Transport 1957-1967 (Montreal: International C i v i l Aviation 
Organization, 1968), p. 26. 
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This assumes that the a i r l i n e s w i l l not abandon t h e i r low-fa re 

p o l i c y as a r e s u l t o f poor p r o f i t margins due to the a c c e l e r a t 

r i s e i n a i r t r an spo r t wages and s a l a r i e s . I t i s b e l i e v e d that 

r i s i n g personnel cos t s should be o f f s e t by increased a i r c r a f t 

p r o d u c t i v i t y . I t a l s o assumes, o f course , that a i r l i n e s w i l l 

cont inue to s t i m u l a t e growth o f t r a f f i c and to ma in t a in pas

senger load f ac to r s by o f f e r i n g promot iona l of f -peak f a r e s . 



CHAPTER IV 

STATIC FORECASTING MODELS 

A. Introduction 

Although one forecasting model may be s t a t i s t i c a l l y correct, i t was 

thought necessary to use a combination of models since a single model 

could y i e l d misleading results due to the short h i s t o r i c a l data period, as 

discussed in chapter three. Thus i t was decided to use a combination of 

the two basic forms of multiple regression forecasting models, s t a t i c ( i . e . 

has no lagged variables) and dynamic ( i . e . has lagged variables) and to 

discuss each one separately i n this and the following chapter respectively. 

From the discussion in chapters one, two and three, i t i s seen that 

a s t a t i c model can have many mathematical forms. The relationship can be 

linear or c u r v i l i n e a r . Various combination of dependent and independent 

variables can be used. 

To determine which variables to use, simple l i n e a r , exponential 

and double logarithmic correlations among the many possible independent 

and dependent variables were f i r s t calculated. However, two major problems 

were encountered. Although many variables such as Gross National Product 

per capita and personal disposable income per capita i n d i v i d u a l l y cor-
2 

related highly with boardings per capita ( i . e . R > 0.90), there was 

si g n i f i c a n t autocorrelation amongst the residuals. There was s i g n i f i c a n t 

autocorrelation not only when using t o t a l boardings but also when using 

t o t a l boardings minus Vancouver and V i c t o r i a boardings.''" 
''"The reason for subtracting Vancouver and V i c t o r i a boardings was that 

they have been quite e r r a t i c since the introduction in 1958 of the e f f i c i e n t 
Government of B r i t i s h Columbia ferry system. 
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As a r e s u l t , some forecasts of Canadian t o t a l annual boarding passengers 

by the Department of Transport, may be inaccurate since these forecasts 
2 

are based on a simple linear regression with GNP. 

An attempt was made to reduce the autocorrelation, by transforming 

the variables as follows: 
Y t = Y t " P Y t - l 

X t = X t " p X t - l 
3 

Where p i s computed by either of the two methods shown i n chapter three. 

Although both these methods eliminated any s i g n i f i c a n t autocorrelation 

amongst the residuals, they also eliminated in most instances any s i g n i f i 

cant correlation between the two dependent variables and the various inder 

pendent variables since the boarding s t a t i s t i c s were too unreliable for 

such a sensitive method of correlation. 

In addition to the problem of autocorrelation, there was the second 

d i f f i c u l t y of s i g n i f i c a n t intercorrelation amongst many of the independent 

variables. Since m u l t i c o l l i n e a r i t y in multiple regression equations often 

leads to i l l o g i c a l r e s u l t s , this meant that the number of socio-economic 

variables could be reduced down to one or at most two. 
B. Structures of the Static Equations 

Since simple regression models proved unsuccessful due to auto

correlation problems and since i n t e r c o r r e l a t i o n amongst many of the 

2 
Department of Transport, A i r T r a n s p o r t a t i o n — S t a t i s t i c s and Fore 

casts , A Report Prepared by the Transportation Policy and Research Branch 
(Ottawa: Queen's Pri n t e r , 1968), p. gen. 7. 

3 
See page 33. 
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independent variables reduced the number of independent variables needed, 

this study experimented with l o g i c a l l y v a l i d multiple regression models 

using combinations of three or four of the following variables for the 

1955-1966 time period. 

B - boardings per capita (dependent variable) 

BL - natural logarithm of boardings per capita (dependent variable) 

BLO - common logarithm of boardings per capita (dependent variable) 

GC - GNP per capita i n current dollars 

GCT - GNP per capita i n current dollars multiplied by trend factor t 

GCLT - natural logarithm of the GNP per capita i n current dollars 
multiplied by trend factor t 

GCLOT - common logarithm of GNP per capita i n current dollars 
multiplied by trend factor t 

GCTL - GNP per capita in current dollars multiplied by the natural 
logarithm of the trend factor t 

GCTLO - GNP per capita i n current dollars multiplied by the common 
logarithm of the trend factor t 

GCLTL - natural logarithm of GNP per capita i n current dollars 
multiplied by the natural logarithm of the trend factor t 

GCLOTLO - common logarithm of GNP per capita i n current dollars 
multiplied by the common logarithm of the trend factor 
t 

GCL - natural logarithm of GNP per capita i n current dollars 

GCLO - common logarithm of GNP per capita i n current dollars 

T - trend factor t ( i . e . 1955 = 1) 

TL - natural logarithm of trend factor t 

TLO - common logarithm of trend factor t 

GP - GNP per capita i n constant 1949 dollars 

GPT - GNP per capita i n constant 1949 dollars multiplied by trend 
factor t 



- 47 -

GPTL - GNP per capita i n constant 1949 dollars multiplied by natural 
logarithm of trend factor t 

GPTLO - GNP per capita i n constant 1949 dollars multiplied by common 
logarithm of trend factor t 

GPLT - natural logarithm of GNP per capita i n constant 1949 dollars 
multiplied by the trend factor t 

GPLOT - common logarithm of GNP per capita i n constant 1949 dollars 
multiplied by the trend factor t 

GPLTL - natural logarithm of GNP per capita i n constant 1949 dollars 
multiplied by the natural logarithm of the trend factor t 

GPLOTLO - common logarithm of GNP per capita in constant 1949 dollars 
multiplied by the common logarithm of the trend factor t 

GPL - natural logarithm of GNP per capita i n constant 1949 dollars 

YC - average a i r passenger y i e l d (in current dollars) per passenger 
mile for Canadian scheduled carriers 

YCL - natural logarithm of average a i r passenger y i e l d ( i n current 
dollars) per passenger mile for Canadian scheduled, carriers 

YCLO - common logarithm of average a i r passenger y i e l d ( i n current 
dollars) per passenger mile for Canadian scheduled carriers 

YP - average a i r passenger y i e l d ( i n constant 1949 dollars) per 
passenger mile for Canadian scheduled carriers 

YPLO - common logarithm of average a i r passenger y i e l d (in constant 
1949 dollars) per passenger mile for Canadian scheduled 
carriers 

Deflated versions of GNP per capita and average a i r passenger y i e l d 

per passenger mile of scheduled Canadian carriers were experimented with 

to t r y to adjust for changes i n the purchasing power of money. The Consumer 

Price Index was used as a deflator since i t r e f l e c t s the average prices paid 

by consumers for most goods and services. However, this procedure i s not 
4 

completely precise since no perfect index has yet been constructed. 

M. H. Spencer, C. G. Clark and P. W. Haguet, Business and Economic  
Forecasting - An Econometric Approach, (Homewood, I l l i n o i s : Richard D. 
Irwin, 1961), p. 73. 
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Also a trend factor t has been included as a catchall for the many 

factors known to change over time, such as tastes, quality and technology, 

but for which data was unavailable or which, singly, would be expected to 

have a small effect on the dependent variable. The C i v i l Aeronautics 

Board has used a trend factor, along with average a i r passenger y i e l d per 

passenger mile and r e a l disposable income per capita, i n their a i r travel 

multiple regression forecasting models, the most recent use being in 

1967.5 

Furthermore, the reason for including m u l t i p l i c a t i v e combinations of 

the time factor t and GNP per capita as independent variables, was to 

experiment with s t a t i c equations of the type: 

B t = a + (c + dt) x GNPfc -eY (Eq. 4:1) 

Equation 4:1 takes into account the influence of gradually r i s i n g 

per capita income on changes i n the income e l a s t i c i t y of per capita a i r 

t r a v e l . In other words, i t was assumed that the income coeffic i e n t and 

thus income e l a s t i c i t y increases gradually as incomes r i s e over time i . e . 

as incomes r i s e over time, the slope of the relationship between boardings 

and income w i l l become steeper. Theoretically, a better variable than GNP 

would have been re a l disposable income per capita but GNP per capita was 

used since i t was highly correlated with personal disposable income per 

capita and because r e l i a b l e potential estimates of GNP have been made by 

the Economic Council of Canada whereas no such forecasts were available 

for personal disposable income. 

Irving Saginor, Forecast of Scheduled Domestic A i r Passenger  
T r a f f i c for the Eleven Trunk Carriers 1968-1977, Economic Research Section, 
Planning, Programming and Research D i v i s i o n , C i v i l Aeronautics Board 
(Washington: Government Printing Office, 1967), p. 14. 
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By testing relationships in which the dependent variable and the 

independent variables are expressed i n either natural or common logarithmic* 

form, a m u l t i p l i c a t i v e relationship was assumed. In other words, proportion

a l or percentage changes of fares and/or GNP per capita, for example, are 

assumed to be related to proportional or percentage changes of t r a f f i c . 

This relationship i s expressed by this simple single equation: 

B = A ( FARE3 ) ( GNPb ) U 

For each year, t r a f f i c i s the product of a constant A and of fare and GNP 

per capita, each to a certain constant power. And of course, there is an 

error term U to represent the proportional residual between actual and c a l 

culated t r a f f i c . Fare and GNP per capita are considered as exogenous 

variables; they affect boardings but boardings do not affect fare or GNP 

per capita i n the same time period. 

The m u l t i p l i c a t i v e relationship shown on the la s t page can be trans

formed to a simple linear form by taking logarithms of a l l the variables: 

Log B = log A + a log FARE + b log GNP + log U 

This mathematical model has several important implications. The r e l a t i o n 

ships of e l a s t i c i t i e s of t r a f f i c to fares and GNP per capita are deemed to 

be constant over the h i s t o r i c a l data period and the forecast period( i . e . 

1967 - 1975). The assumption of persistence over the period of forecast 

provides the basis for forecasting boardings from projections of i t s 

independent variables. E l a s t i c i t i e s could possibly not remain constant so 

the forecasting equations should be pe r i o d i c a l l y tested, updated and 

recomputed. As already mentioned, by including an independent variable 

which i s a m u l t i p l i c a t i v e combination of a time factor and GNP per capita, 

as well as an independent variable of GNP per capita, this study has tested 

Although there exists a constant relationship between common loga
rithms and natural logarithms, both logarithms were experimented with due 
to possible roundoff errors. 
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the assumption that the e l a s t i c i t y of t r a f f i c to GNP per capita does not 

remain constant. 

C. Results of Trying Various S t a t i c Estimating Equations 

Using the various variables given i n the previous section, l o g i c a l l y 

v a l i d multiple regression models involving no more than three independent 

variables were computed. Of the approximately 100 models tested, only 
2 

the following one proved s t a t i s t i c a l l y s i g n i f i c a n t ( i . e . high R , no s i g 

n i f i c a n t autocorrelation and s t a t i s t i c a l l y s i g n i f i c a n t regression co

e f f i c i e n t s ) and proved l o g i c a l l y v a l i d . ( i . e . correct signs) 
B = .2392 + .00003331GC + .00001435GCTL + .0234YC ( A o\ 

(.00002609) (.00000567) (.0093) C q* ^ : } 

2 

R = .9758 Von Neumann Ratio = 1.989 

Let equation 4:2 be s t a t i c model number one. 

This model takes into account the influence of gradually r i s i n g per 

capita income on changes i n the income e l a s t i c i t y of per capita a i r travel 

since i t includes the term GCTL (GNP per capita in current dollars multi

p l i e d by the natural logarithm of the trend factor t ) . However, the increase 

in e l a s t i c i t y i s not as great as i t would have been had the variable GCT 

(GNP per capita in current dollars multiplied by trend factor t) been used. 

Since t i s in logarithmic form, there i s a r e l a t i v e increase as t becomes 

larger, but a decreasing absolute increase. As a r e s u l t , i n the future the 

term GCTL increases r e l a t i v e l y but each increase decrease absolutely. 

Table I I I shows how the estimated boardings of this model approxi

mated quite closely the actual boardings. However, i t was f e l t that this 

model could give misleading forecasts due to the intercorrelation amongst 

the independent variables. As discussed i n chapter three, intercorrelation 
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TABLE I I I 

COMPARISON BETWEEN ACTUAL AND ESTIMATED BOARDINGS 

USING STATIC MODEL ONE 

Year 

1955 

1956 

1957 

1958 

1959 

1960 

1961 

1962 

1963 

1964 

1965 

1966 

Actual 
F i r s t 
Difference 

.01831 

.01579 

.01110 

.02511 

.01577 

.01139 

.00410 

.00062 

.01087 

.03402 

.03661 

Estimated 
F i r s t 
Difference Residual 

.02360 

.01817 

.01358 

.01216 

.00837 

.00759 

.00400 

.00829 

.02636 

.03673 

.02493-

-.00529 

-.00238 

-.00248 

.01295 

.00740 

.00380 

.00010 

-.00891 

-.01549 

-.00271 

.01168 

Actual 
Boardings 
Per Capita 

.13110 

.14941 

.16520 

.17630 

.20141 

.21718 

.22857 

.23267 

.23205 

.24292 

.27604 

.31355 

Estimated 
Boardings 
Per Capita 

.12976 

.15470 

.16758 

.17878 

.18846 

.20978 

.22477 

.23257 

.24096 

.25841 

.27965 

.30187 

Residual 

.00134 

-.00529 

-.00238 

-.00248 

.01295 

.00740 

.00380 

.00010 

-.00891 

-.01549 

-.00271 

.01168 
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amongst the independent variables can result i n regression coefficients 

representing meaningless relationships. Thus i t was decided to also 

experiment with models using f i r s t differences of those variables given 

in the previous section since the use of f i r s t differences w i l l t y p i c a l l y 

reduce int e r c o r r e l a t i o n among the independent variables. Regression 

models using f i r s t differences give the year to year changes i n boardings 

not the l e v e l s . 

With respect to those variables i n logarithmic form, two sets of 

f i r s t differences were t r i e d . One set was expressed i n terms of annual 

f i r s t differences of the logarithms of the variables 

i . e . A log X 1 = log X f c + 1 - log Xfc (Eq. 4:3) 

A log X 1 = log X 
[ t 
t+1 (Eq. 4:4) 

Applying elementary logarithmic and percentage definitions to eq. 4:4 gives 

[( antilog t+1 ) - 1.] x 100 - percentage change in x 
X t 

from t to t+1. The second set of f i r s t differences was expressed i n terms 

of logarithms of the annual f i r s t differences of the variables 

i . e . V log X' = log ( x t + 1 - X t) 

Furthermore, i f certain l o g i c a l l y v a l i d models showed s i g n i f i c a n t auto

correlation amongst the residuals, the o r i g i n a l f i r s t differences were 

transformed as follows: 

Y t = Y t " P Y t - l 

X ' i t = X i t " P X i t - l 

Estimates of p were derived as shown i n chapter three. 
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Of the approximately 500 models tested, very few were s t a t i s t i c a l l y 
2 

s i g n i f i c a n t ( i . e . R > 0.40, s i g n i f i c a n t regression coefficients and no 

si g n i f i c a n t autocorrelation) and l o g i c a l l y v a l i d ( i . e . correct signs). The 

most l i k e l y reason for the poor results being that t h i s i s rather a stringent 

test for boardings which can quite e a s i l y err up to fi v e percent annually. 

None of the models using A natural log X', V natural log X', or V, common 

log X 1 were s t a t i s t i c a l l y s i g n i f i c a n t . However the following models using 

A common log X' and o r i g i n a l f i r s t differences were s t a t i s t i c a l l y s i g n i f i 

cant . 
A B = -.0008139 + .00006953AGC + .00002579AGCTLO - .0229AYC (Eq. 4:5) 

(.00004795 (.00002282) (.0120) 
2 

R = .4256 Von Neumann's r a t i o = 1.677 

AB = .002792 + .00008987AGC - .0218AYC + .017IATL (Eq. 4:6) 
(.00004412) (.0124) (.0141 

2 
R = .4027 Von Neumann's r a t i o «= 1.814 

Let equations 4:5 and 4:6 be s t a t i c models two and three respectively. 

Tables IV and V show how the estimated boarding of these two equations 

diffe r e d from the actual boardings. 

Notice that model two i s of the same basic form as model one except 

that the variables are i n terms of f i r s t differences and the common logarithm 

rather than the natural logarithm i s used. This model again expresses the 

idea that gradually r i s i n g per capita income p o s i t i v e l y changes the income 

e l a s t i c i t y of per capita a i r travel since i t includes the term AGCTLO 

(GNP per capita i n current dollars multiplied by the common logarithm of 

the trend factor t ) . Also, since the time factor i s i n logarithmic form, 

the term A GCTLO w i l l be positive but w i l l decrease absolutely in the 

future. 
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TABLE IV 

COMPARISON BETWEEN ACTUAL AND ESTIMATED BOARDINGS 

USING STATIC MODEL TWO 

Year 

Actual 
F i r s t 
Difference 

Estimated 
F i r s t 
Difference Residual 

Actual 
Boardings 
Per Capita 

Estimated 
Boardings 
Per Capita Residua] 

1955 .13110 

1956 .01831 .02646 -.00815 .14941 .15756 -.00815 

1957 .01579 .01028 .00551 .16520 .16784 -.00264 

1958 .01110 .00869 .00241 .17630 .17653 -.00023 

1959 .02511 .00977 .01534 .20141 .18630 .01511 

1960 .01577 .01994 -.00417 .21718 .20624 .01094 

1961 .01139 .01366 -.00227 .22857 .21990 .00867 

1962 .00410 .01016 -.00606 .23267 .23006 .00261 

1963 -.00062 .01004 -.01066 .23205 .24010 -.00805 

1964 .01087 .02051 -.00964 .24292 .26061 -.01769 

1965 .03402 .02534 .00868 .27694 .28595 -.00901 

1966 .03661 .02760 .00901 .31355 .31355 .00000 
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TABLE V 

COMPARISON BETWEEN ACTUAL AND ESTIMATED BOARDINGS 

USING STATIC MODEL THREE 

Year 

Actual 
F i r s t 
Difference 

Estimated 
F i r s t 
Difference Residual 

Actual 
Boardings 
Per Capita 

Estimated 
Boardings 
Per Capita Residua] 

1955 .13110 

1956 .01831 .02409 -.00578 .14941 .15519 -.00578 

1957 .01579 .00838 .00741 .16520 .16357 .00163 

1958 .01110 .00812 .00298 .17630 .17169 .00461 

1959 .02511 .01042 .01469 .20141 .18211 .01930 

1960 .02577 .02017 -.00440 .21718 .20228 .01490 

1961 .01139 .01445 -.00306 .22857 .21673 .01184 

1962 .00411 .01151 -.00741 .23267 .22824 .00443 

1963 -.00062 .01129 -.01191 .23205 .23953 -.00748 

1964 .01087 .02116 -.01029 .24292 .26069 -.01777 

1965 .03402 .02553 .00849 .27694 .28622 -.00928 

1966 .03661 .02733 .00928 .31355 .31355 .00000 



- 5 6 -

Model three i s of a different basic form since i t includes a trend 

factor and does not show an increasing income e l a s t i c i t y of per capita 

a i r t r a v e l . Notice that since the trend factor is i n logarithmic form, 

A TL (natural logarithm of trend factor t) gives a decreasing annual increase 

i n the future. In a l l three models, both GNP and a i r passenger y i e l d per 

passenger-mile are in current dollars rather than constant 1949 d o l l a r s . 

This seems to hint that a i r passengers do not take into account the de

creasing purchasing power of money when t r a v e l l i n g . If this is not so, then 

perhaps some deflator other than the GNP price delfator should have been 

used. 

D. Accuracy of the Three St a t i c Estimating Equations 

How well do the estimated boardings derived from the s t a t i c models 

approximate actual boardings? A v i s u a l answer to the above question i s 

given i n charts 1 and 2. Two series of quantitative tests can also be 

used to test the accuracy of the three models. One involves the direct 

comparison of the estimated with the actual boardings. However i n the 

present analysis, this test i s not s u f f i c i e n t due to the high s e r i a l 

correlation between estimated and actual boardings i . e . correlation of 

both E and Afc (expected and actual boardings, respectively, in period t) 

with A^ ^. Although Efc and A^ may both be of the same general magnitude, 

with f a i r l y high co r r e l a t i o n , the dir e c t i o n of change may be missed a l 

together because of this s e r i a l c o r relation. Therefore, i t i s necessary 

to also use a second test of accuracy--compare the estimated and actual 

rates of change rather than the actual l e v e l s . 

F i r s t of a l l , the accuracy w i l l be tested for a l l three equations 

by comparing the actual with the estimated boarding l e v e l s . A quantitative 
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analysis of the accuracy of the estimates involves calculating the r a t i o 

of expected boardings to actual boardings, a r a t i o denoted by Efc / . 

Table VI represents two s t a t i s t i c s based on this r a t i o . Two trends are 

distinguished i n the o r i g i n a l values: r i s i n g and f a l l i n g . A simple average 

of these ratios does not provide a r e a l i s t i c measure of the overall accuracy 

of the forecasts because of the cancellation of opposing errors. In other 

words, E / A w i l l be 1.00 for two periods irrespective of whether the 

individual ratios are 0.80 and 1.20 or .98 and 1.02. 

TABLE VI 

ACCURACY OF BOARDINGS ESTIMATES, 1955 - 1966 

E / A by Trend 
Boardings 

of Average Absolute 
Percentage Error 

Model Ris ing F a l l i n g A l l Ris ing F a l l i n g A l l 

1 .927 1.038 1.000 2.7 3.8 2.8 

2 .999 1.034 1.002 3.5 3.4 3.5 

3 .987 1.032 .990 4.2 3.2 4.0 

Therefore a better measure of the over a l l accuracy is obtained by i 

the average of the absolute r e l a t i v e errors of the forecasts: 

i . e . z |-E/A - 1. | / N 

and this i s the second set of stat i s t i c s shown i n Table VI. Notice that 

according to this t e s t , a l l three models estimated boardings that very 

closely approximated the actual boardings. Model 1 has the lowest overall 

average absolute percentage error but models 2 and 3 also have very low 

average absolute percentage errors. As already noted, the correlation of 
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A and E i s bound to be high, i f for no other reason than the s e r i a l t t 
correlation i n the boardings data; this l i m i t a t i o n may be removed to some 

extent by comparing the actual and anticipated rates of change. The 

coefficients of correlation between E / A,. , and A / A n for the three 
t t - l t t - l 

estimating equations are shown in Table VII. 

TABLE VII 

COEFFICIENTS OF CORRELATION BETWEEN 

E t / A t - 1 and A^ / A ^ ' 

FOR THE THREE STATIC ESTIMATING MODELS 

Model R 

1 .685 

2 .669 

3 .630 

From these r e s u l t s , i t i s seen that a l l three models estimated boardings 

that quite closely anticipated the rate of change of boardings. Thus these 

three models provide not only a good idea of the l e v e l of boardings but 

also of the di r e c t i o n of change. This conclusion could not have been 
2 

arrived at by just comparing the o r i g i n a l R of the three s t a t i c models 
since, at f i r s t glance, models two and three may seem much more inaccurate 

2 
than model one due to the lower R (.4256 and .4027 vs. .9758)--however, 

model one uses a different set of data from that of models two and three. 
E. Projections 

In l i n e with the purpose of this study, projections of international 

and domestic boardings per capita and for a l l of Canada t i l l 1975, using 
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s t a t i c models one, two and three, w i l l now be given. Of course, any fore

cast of the dependent variable, boardings per capita, depends on the 

assumptions regarding annual changes or levels i n the independent variables. 

As already mentioned, for the independent variables of population and Gross 

National Product, this study has used the potential estimates of the Economic 

Council of Canada. They are as follows: 

Year GNP In Current Dollars Population 
. Per Capita '000 

1967 3061.28 20,251.8 

1968 3232.23 20,596.3 

1969 3413.35 20,943.7 

1970 3605.23 21,294.0 

1971 3789.27 21,647.7 

1972 3983.40 22,008.1 

1973 4188.19 22,374.9 

1974 4404.20 22,747.9 

1975 4631.91 23,126.5 

However with respect to the independent variable of average a i r passenger 

y i e l d per passenger-mile of Canadian scheduled c a r r i e r s , this study has 

made the f i v e different assumptions regarding i t s future rate of change 

as given in chapter two. 

Those forecasts ( i . e . A, B and C) which assume future annual fare 

decreases are based on the assumption that the highly e f f i c i e n t a i r c r a f t 

which have begun to come into service and are scheduled for deliveries 

through the early seventies, w i l l enable fares to be reduced. F i r s t of 

a l l , the stretched DC-8's and the B-747's can lower seat-mile costs i n the 
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longer range markets. Secondly, the whole family of smaller short-range 

f a n - j e t s — t h e DC-9, B-727, B-737 and the i r stretched versions, have seat-

mile costs that are lower than the propeller and longer range jets being 

replaced. There w i l l be more opportunity to f i t a i r c r a f t to schedules 

according to length of hop and load than was possible i n the past. How

ever the new a i r c r a f t are only more e f f i c i e n t than the older i f the planes 

have reasonably high load factors. Thus, this study has included Forecasts 

D and E based on assumptions that good load-factors are not achieved 

because of excess seat-mile capacity. 

By making f i v e forecasts based on different assumptions regarding 

future fare l e v e l s , this study can point out how sensitive boardings are to 

fares. A l l three models are quite fare sensitive since the fare coefficients 

are -.0234, -.0229 and -.0218 for Models one, two and three respectively. 

The results of trying f i v e fare assumptions in the three forecasting 

models are shown in tables VIII, IX, X, XI, and XII. In model one, the 

actual levels of the independent variables are used. However since models 

two and three are f i r s t difference models, the independent variables are 

converted into f i r s t differences before being substituted into models two 

and three. Since models one, two and three give boardings per capita, the 

t o t a l estimated Canadian boardings are obtained by multiplying the board

ings per capita by the estimated t o t a l population. 

Fortunately a l l three models gave quite similar r e s u l t s . Models two 

and three gave very similar results (differed no more than one percent) 

while model one gave forecasts that d i f f e r e d more and more from those of 

models two and three as the forecast period extended into the future, but 

s t i l l d i ffered no more than 8 percent. 
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TABLE VIII 

FORECAST OF TOTAL CANADIAN AND PER CAPITA INTERNATIONAL 
AND DOMESTIC BOARDINGS ASSUMING THAT THE AVERAGE 

AIR PASSENGER YIELD OF CANADIAN SCHEDULED 
CARRIERS PER PASSENGER-MILE DECREASES 

ANNUALLY 0.1334 CURRENT CENTS 

Average Model 1 Model 2. Model 3 
Yie l d Board Board Board
Per Pas ings Total ings Total ings Total 

senger- Per Canadian Per Canadian Per Canadian 
Year Mile Capita Boardings Capita Boardings Capita Boardings 

1967 5.7346 .31891 6,458,502 .33289 6,741,217 .33310 6,745,875 
1968 5.6012 .33658 6,932,303 .35341 7,278,938 .35363 7,283,470 
1969 5.4678 .35498 7,434,595 .37488 7,801,374 .37491 7,852,003 
1970 5.3344 .37417 7,967,576 .39736 8,461,384 .39699 8,453,505 
1971 5.2010 .39289 8,509,165 .41914 9,073,417 .41834 9,056,099 
1972 5.0676 .41231 9,074,166 .44181 9,723,399 .44038 9,691,927 
1973 4.9342 .43247 9,676,473 .46542 10,413,726 .46315 10,362,935 
1974 4.8008 .45342 10,314,353 .49003 11,147,153 .48669 11,071,175 
1975 4.6674 .47521 10,989,944 .51570 11,926,336 .51105 11,818,798 

TABLE IX 

FORECAST OF TOTAL CANADIAN AND PER CAPITA INTERNATIONAL 
AND DOMESTIC BOARDINGS ASSUMING THAT THE AVERAGE 

AIR PASSENGER YIELD OF CANADIAN SCHEDULED 
CARRIERS PER PASSENGER-MILE DECREASES 

ANNUALLY 0.2000-CURRENT CENTS 

Average Model 1 Model 2 Model 3 
Y i e l d Board Board Board
Per Pas ings Total ings Total ings Total 

senger- Per Canadian Per Canad ian Per Canadian 
Year Mile Capita Boardings Capita Boardings Capita Boardings 
1967 5.668 .32046 6,489,892 .33442 6,772,607 .33448 6,773,822 
1968 5.468 .33970 6,996,563 .35642 7,340,933 .35638 7,340,109 
1969 5.268 .35966 7,532,611 .37945 7,947,087 .37903 7,938,291 
1970 5.068 .38040 8,100,838 .40346 8,591,277 .40248 8,570,409 
1971 4.868 .40069 8,674,017 .42677 9,238,589 .42520 9,204,602 
1972 4.668 .42166 9,279,935 .45096 9,924,773 .44860 9,872,831 
1973 4.468 .44338 9,920,583 .47610 10,652,690 .47273 10,577,286 
1974 4.268 .46589 10,598,019 .50223 11,424,678 .49762 12,102,791 
1975 4.068 .48924 11,314,409 .52943 12,243,863 .52333 12,102,791 
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TABLE X 

FORECAST OF TOTAL CANADIAN AND PER CAPITA INTERNATIONAL 
AND DOMESTIC BOARDINGS ASSUMING THAT THE AVERAGE 

AIR PASSENGER YIELD OF CANADIAN SCHEDULED 
CARRIERS PER PASSENGER-MILE DECREASES 

ANNUALLY 0.0500 CURRENT CENTS 

Average Model 1 Model 2 Model 3 
Yi e l d Board Board Board
Per Pas ings Total ings Total ings Total 

senger- Per Canadian Per Canadian Per Canadian 
Year Mile Capita Boardings Capita Boardings Capita Boardings 
1967 5.818 .31695 6,418,808 .33098 6,702,941 .33121 6,707,599 
1968 5.768 .33268 6,851,977 .34959 7,200,261 .34984 7,205,416 
1969 5.718 .34913 7,312,074 .36915 7,731,367 .36922 7,732,833 
1970 5.668 .36636 7,801,270 .38972 8.898,698 .38940 8,291,884 
1971 5.618 .38314 8,294,100 .40959 8,866,681 .40885 8,850,662 
1972 5.568 .40060 8.816,445 .43035 9,471,186 .42898 9,441,035 
1973 5.518 .41881 9,370,832 .45211 10,115,916 .44984 10,065,125 
1974 5.468 .43781 9,959,258 .47481 10,800,930 .47146 10,724,725 
1975 5.418 .45765 10,583,843 .49857 11,530,179 .49390 11,422,178 

TABLE XI 

FORECAST OF TOTAL CANADIAN AND PER CAPITA INTERNATIONAL 
AND DOMESTIC BOARDINGS ASSUMING THAT THE AVERAGE 

AIR PASSENGER YIELD OF CANADIAN SCHEDULED 
CARRIERS PER PASSENGER-MILE REMAINS AT 

THE 1966 LEVEL 

Average Model 1 Model 2 Model 3 
Y i e l d Board Board Board
Per Pas ings Total ings Total ings Total 

senger- Per Canad ian Per Canadian Per Canadian 
Year Mile Capita Boardings Capita Boardings Capita Boardings 
1967 5.686 .31578 6,395,113 .32984 6,679,854 .33012 6,685,524 
1968 5.686 .33034 6,863,982 .34730 7,153,095 .34766 7,160,510 
1969 5.686 .34562 7,238,562 .36571 7,659,321 .36595 7,664,347 
1970 5.686 .36168 7,701,614 .38514 8,201,171 .38504 8,199,042 
1971 5.686 .37729 8,167,461 .40387 8,742,857 .40340 8,732,682 
1972 5.686 .39358 8,661,948 .42348 9,319,990 .42244 9,297,102 
1973 5.6.8.6 .41062 9,187,581 .44404 9.935,351 .44221 9.894,405 
1974 5.686 .42845 9,746,338 .46559 10,591,195 .46274 10,526,363 
1975 5.686 .44712 10,340,321 .48821 11,290,589 .48404 11,195,307 
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TABLE XII 

FORECAST OF TOTAL CANADIAN AND PER CAPITA INTERNATIONAL 
AND DOMESTIC BOARDINGS ASSUMING THAT THE AVERAGE 

AIR PASSENGER YIELD OF CANADIAN SCHEDULED 
CARRIERS PER PASSENGER-MILE INCREASES 

ANNUALLY 0.0500 CURRENT CENTS 

Average Model 1 Model 2 Model 3 
Yie l d Board Board Board
Per Pas ings Total ings Total ings Total 

senger- Per Canadian Per Canadian Per Canadian 
Year Mile Capita Boardings Capita Boardings Capita Boardings 

1967 5.918 .31461 6,371,419 .32869 6,656,564 .32903 6,663,450 
1968 5.968 .32800 6,775,586 .34501 7,105,929 .34548 7,115,610 
1969 6.018 .34211 7,165,049 .36228 7,587,484 .36268 7,595,861 
1970 6.068 .35700 7,601,958 .38056 8,103,645 .38068 8,106,200 
1971 6.118 .37144 8,040,822 .39814 8,618,815 .39795 8,614,702 
1972 6.168 .38656 8,507,451 .41461 9,124,778 .41590 9,153,169 
1973 6.218 .40243 9,004,331 .43602 9,755,904 .43458 9,723,684 
1974 6.268 .41909 9,533,417 .45643 10,382,824 .45402 10,328,002 
1975 6.318 .43659 10,095,642 .47790 11,052,154 .47420 10,966,586 
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As one can see, different fare assumptions have significant 

effects on estimated boardings. After a nine-year forecast the difference 

in total Canadian boardings between the extreme opposite fare assumptions 

of 0.05 current cents annual increase in fares and a 0.20 current cents 

annual decrease in fares was 1,218,767 boardings for model one, 1,191,709 

boardings for model two and 1,136,205 boardings for model three. 



CHAPTER V 

DYNAMIC FORECASTING MODELS 

A. Introduction 

A dynamic model expresses the generally accepted idea that current 

behavior is affected by past behavior; current behavior depends on a l l 

past values of the predetermined variables, though more"on recent values 

than on very remote ones. Consequently, i t i s possible to take into 

account the effect of habit formation. To make this idea operational, a 

sp e c i f i c type of relationship between the past the and present must be 

formulated. The basic form of,. ohe,:-estimating equation chosen was: 

B t = a0 + a i B t - l + &2W*t " V t ( E q - 5 : 1 ) 

where: 
a^, a^, a^ and a^ = regression coefficients 

B = domestic and international a i r boardings per capita i n 

per iod t 

GNPt = Gross National Product per capita in period t 

Y = average a i r passenger y i e l d of Canadian scheduled carriers 

per passenger mile in period t 

The basic form of equation 5:1 can be modified by using some data 

that i s deflated by the Consumer Price Index and by using some data that 

i s either in common or natural logarithmic* form. As i n chapter four, 

deflated versions of GNP per capita and average a i r passenger y i e l d per 

passenger mile of scheduled Canadian carriers were experimented with to try 

to adjust for changes in the purchasing power of money. By testing 

Although there exists a constant relationship between common 
logarithms and natural logarithms, both logarithms were experimented with 
due to possible roundoff errors. 



- 67 -

relationships in which the dependent variable and the independent 

variables are expressed i n either natural or common logarithmic form, a 

mu l t i p l i c a t i v e relationship amongst the variables was assumed. 

As a r e s u l t , this study experimented with dynamic multiple 

regression models using l o g i c a l combinations of these following variables: 

B l - boardings per capita: 1956-1966 (dependent variable) 

BlL - natural logarithm of boardings per capita; 1956-1966 
(dependent variable) 

BlLO - common logarithm of boardings per capita; 1956-1966 
(dependent variable) 

B l l - boardings per capita; 1955-1965 

B l l L - natural logarithm of boardings per capita; 1955-1965 

BllLO - common logarithm of boardings per capita; 1955-1965 

GCl - GNP per capita i n current d o l l a r s ; 1956-1966 

GClL - natural logarithm of GNP per capita i n current d o l l a r s ; 
1956-1966 

GClLO - common logarithm of GNP per capita i n current dollars ; 
1956-1966 

GPl - GNP per capita in constant 1949 d o l l a r s ; 1956-1966 

GPlL - natural logarithm of GNP per capita in constant 1949 d o l l a r s ; 
1956-1966 

GPlLO - common logarithm of GNP per capita in constant 1949 d o l l a r s ; 
1956-1966 

YCl - average a i r passenger y i e l d (in current dollars) per passenger 
milejfor Canadian scheduled c a r r i e r s ; 1956-1966 

YClL - natural logarithm of average a i r passenger Y i e l d (in current 
dollars) per passenger-mile for Canadian scheduled c a r r i e r s ; 
1956-1966 

YClLO - common logarithm of average a i r passenger y i e l d (in current 
dollars) per passenger-mile for Canadian scheduled c a r r i e r s ; 
1956-1966 

YPl - average a i r passenger y i e l d (in constant 1949 dollars) per 
passenger-mile for Canadian scheduled c a r r i e r s ; 1956-1966 
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YPlL - natural logarithm of average a i r passenger y i e l d (in constant 
1949 dollars) per passenger-mile for Canadian scheduled 
c a r r i e r s ; 1956-1966 

YPlLO - common logarithm of average a i r passenger y i e l d ( in constant 
1949 dollars) per passenger-mile for Canadian scheduled 
c a r r i e r s : 1956-1966. 

B. Results of Trying Various Dynamic Estimating Equations 

Using the various variables given i n the previous section, l o g i c a l l y 

v a l i d multiple regression models involving no more than three independent 

variables were constructed'. F i r s t of a l l , multiple regression models were 

t r i e d that used absolute levels of the variables, rather than f i r s t d i f 

ferences. Of the approximately 60 absolute l e v e l models tested, only the 
2 

following one proved s t a t i s t i c a l l y s i g n i f i c a n t ( i . e . high R , no s i g n i f i c a n t 

autocorrelation and s t a t i s t i c a l l y s i g n i f i c a n t regression coefficients) and 

l o g i c a l l y v a l i d ( i . e . in addition to technical s t a t i s t i c a l ^ t e s t s , a suc

cessful model must have coefficients that are consistent with known 

physical, technological and economic f a c t s ) . 
B l = .2919 + .1054B11L + .00006588GC1 - .007232YC1 (Eq. 5:2) 

(.0448) (.00001587) (.007000) 
2 

R = .9744 Von Neumann's r a t i o = 1.455 

Let equation 5:2 be dynamic model one. This model takes into account the 

effect of habit formation on annual a i r boardings since i t includes as an 

independent variable a i r boardings lagged one year. Notice that the 

dependent variable B l is i n natural form while the independent variable 

B l l L i s i n natural logarithmic form ( i . e . exponential r e l a t i o n s h i p ) . This 

implies that a constant increase in B l l L w i l l result in a constant percen

tage increase in B l , other things being constant. 

Table XIII c l e a r l y shows that the estimated boardings of this 
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TABLE XIII 

COMPARISON BETWEEN ACTUAL AND ESTIMATED BOARDINGS 

USING DYNAMIC MODEL ONE 

Year 

1956 

1957 

1958 

1959 

1960 

1961 

1962 

1963 

1964 

1965 

1966 

Actual 
F i r s t 
Difference 

.01579 

.01100 

.02511 

.01577 

.01139 

.00410 

•.00062 

.01087 

.03404 

.03659 

Estimated 
F i r s t 
Difference 

.01536 

.01179 

.01143 

.02047 

.01227 

.01270 

.00837 

.01144 

.01938 

.03062 

Residual 

.00043 

-.00079 

.01368 

-.00470 

-.00088 

-.00860 

-.00899 

-.00057 

.01464 

.00599 

Actual 
Boardings 
Per Capita 

.14941 

.16520 

.17630 

.20141 

.21718 

.22857 

.23267 

.23205 

.24292 

.27694 

.31355 

Estimated 
Boardings 
Per Capita 

.15159 

.16695 

.17874 

.19017 

.21064 

.22291 

.23561 

.23498 

.25542 

.27480 

.30542 

Residual 

-.00218 

-.00175 

-.00244 

.01124 

.00654 

.00566 

-.00294 

-.01193 

-.01250 

.00216 

.00813 
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equation closely approximated the actual boardings. However, i t once 

again was f e l t that a model such as this which used the absolute levels 

of the variables, could give misleading forecasts due to the intercor

r e l a t i o n amongst the independent v a r i a b l e s — i n t e r c o r r e l a t i o n amongst the 

independent variables can result in regression coefficients representing 

meaningless relationships. Consequently, once again, i t was decided that 

models should be t r i e d that used f i r s t differences of those variables given 

in the previous section since the use of f i r s t differences w i l l t y p i c a l l y 

reduce int e r c o r r e l a t i o n among the independent variables. 

Also once again two different sets of f i r s t differences were t r i e d 

for variables in logarithmic (natural of common) form: 

(a) A log X^ = log Xfc - log Xfc_1 

(b) V log X^ - log (Xfc - X t_ 1) 

Furthermore, i f certain l o g i c a l l y v a l i d models showed s i g n i f i c a n t auto

correlation amongst the residuals, weighted f i r s t differences were calculated 

as shown i n chapter three.''" 

Of the 200 or so models tested, only one was s t a t i s t i c a l l y s i g n i f i -
2 

cant ( i . e . R > 0.40, s i g n i f i c a n t regression coefficients and no s i g n i f i c a n t 

autocorrelation) and l o g i c a l l y v a l i d ( i . e . correct signs). This s t a t i s t i 

c a l l y and l o g i c a l l y correct model i s : (A represents f i r s t differences) 
A B l = -.005434 + .3054AB11L + .0001054AGC1 - .0110AYC1 (Eq. 5:3) 

(.1645 (.0000397) (.0101) 
2 

R = .6084 Von Neumann's r a t i o = 2.352 

Let equation 5:3 represent dynamic model 2. 

Table XIV shows how the estimated rates of change and levels of 

See page 33. 
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TABLE XIV 

COMPARISON BETWEEN ACTUAL AND ESTIMATED BOARDINGS 

USING DYNAMIC MODEL TWO 

Year 

1956 

1957 

1958 

1959 

1960 

1961 

1962 

1963 

1964 

1965 

1966 

Actual 
F i r s t 
Difference 

.01579 

.01110 

.02511 

.01577 

.01139 

.00410 

••j 00062 

.01087 

.03404 

.03659 

Estimated 
F i r s t 
Difference 

.01441 

.00974 

.01052 

.02219 

.01126 

.01316 

.00737 

.01287 

.02382 

.03878 

Residual 

.00138 

.00136 

.01459 

-.00642 

.00013 

-.00906 

-.00799 

-.00200 

.01022 

-.00219 

Actual 
Boardings 
Per Capita 

.14941 

.16520 

.17630 

.20141 

.21718 

.22857 

.23267 

.23205 

.24292 

.27694 

.31355 

Estimated 
Boardings 
Per Capita Residual 

.16382 

.17356 

.18408 

.20627 

.21753 

.23069 

.23805 

.25093 

.27475 

.31353 

.00138 

.00274 

.01733 

.00091 

.00104 

.00198 

-.00601 

-.00801 

.00219 

.00002 
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boardings approximated the actual rates of change and levels of boardings. 

Dynamic model two i s quite similar in form to dynamic model one 

except that model two uses f i r s t differences of the variables rather than 

absolute levels and B l l L i s in natural logarithmic form while A BllLO is 

in common logarithmic form. Once again, model two takes into account the 

idea of habit formation i n boarding forecasts. 

G. Accuracy of the Two Dynamic Estimating Equations 

From Tables XIII and XIV i t can be seen that both dynamic models 

estimated boardings that closely approximated actual boardings. A v i s u a l 

presentation of the accuracy of the two dynamic models is given in Charts 

3 and 4. But once again as i n chapter four, two tests can be conducted that 

w i l l test more quantitatively the accuracy of the two models. One quanti-

t i v e test involves calculating the r a t i o of expected boardings to actual 

boardings, a r a t i o denoted by E t/A t. Table XV gives two s t a t i s t i c s based 

on this r a t i o . The reasons for giving two s t a t i s t i c s are the same as i n 

chapter four. 

TABLE XV 

ACCURACY OF BOARDING ESTIMATES 

E /A by trend of A , . ̂  t t Average absolute 
boardings Percentage Error 

Model Ris ing F a l l i n g A l l Ris ing F a l l i n g A l l 

1 .995 1.051 1.000 2.4 5.1 2.7 

2 .983 1.025 .982 2.9 2.5 2.8 

This f i r s t test does not s u f f i c i e n t l y test the accuracy of the models 

due to the high s e r i a l correlation between the estimated and actual 



C h a r t 3 - C o m p a r i s o n b e t w e e n A c t u a l opnrdinss 
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boardings. Although E and A may both be of the same general magnitude, 

with f a i r l y high c o r r e l a t i o n , the d i r e c t i o n of change may be missed a l 

together because of this s e r i a l c o r relation. Therefore, i t i s necessary 

to also use a second test of accuracy—compare the actual and anticipated 

rates of change. The coefficients of correlation between E /A ^ and 

A^/A^ ^ for Model one was .647 and for Model two i t was .572. Thus both 

models provide not only a good idea of the l e v e l of boardings but also of 

the d i r e c t i o n and magnitude of change. 

D. Problems of Estimation and Projection 

Although dynamic models one and two seem to be good estimating 

equations, two problems are encountered in using them for forecasting 

purposes. 

(1) Problem of Error in Boardings for 1966 

Projection with a s t a t i c model i s very easy, for the value 

of the predictors have only to be substituted into the equation. 

In contrast, the estimating form of the dynamic model i s a f i r s t 

difference equation, so the projection must be b u i l t up year by 

year from some i n i t i a l condition. A l t e r n a t i v e l y , i t i s possible 

to obtain a solution for the difference equation but the solved 

equation is l i k e l y to involve more rounding error. 

Since 1966 is the most recent experience i n the model, the 

1966 values have been used for the i n i t i a l conditions. There is 

however, the problem of how to treat the error i n 1966. Clearly 

i t should be taken into account, since by ignoring i t , valuable 

information could be l o s t . The 1966 actual boardings could be 

forced to l i e on the regression l i n e by incorporating the 1966 

error into the intercept. Yet, this would give undue weight to 
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the last few years. Furthermore, the error for 1966 was 

quite small, especially i n model two. Therefore, the actual 

1966 value of the independent variable was used as an i n i t i a l 

condition and the intercept of the estimating equation was 

not altered. 

(2) The Problem of Autocorrelation 

Autocorrelation i n the error term leads to an under-
2 

estimate of 6 when the method of least squares is used to 

estimate the parameters. S i m i l a r l y , regardless of whether the 

s t a t i c or the dynamic model i s being used, the c l a s s i c a l formula 
2 2 2 2 

S1.234...m = S l ( 1 " R1.234...m)' 

w i l l underestimate the true projecting variance. In a recent 

Monte Carlo study of distributed-lag forecasting models, 
3 

Malinvaud found that the forecasting variance increased sharply 

upon the introduction of autocorrelation i n the error term, with 

the increase being more marked the longer the forecast i n t e r v a l . 

Therefore, the presence of autocorrelation not only under

estimates the true forecasting variance, but also increases the 

variance as w e l l . 

Furthermore, autocorrelation i n the error term may imply 

bias in the projection as wel l as ineff i c i e n c y because of the 

Modecai Ezekiel and Karl Fox, Methods of Correlation and Regression  
Analysis (New York: John Wiley and Sons, 1959), p. 191. 

3 -
E. Malinvaud, "Estimation and Prevision Dans Les Modeles auto-

regress i f s," Revue de L' Institute International de Statisti q u e , XXIX 
(1961), p. 85. 
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presence of the lagged value of the dependent variable as a 

predictor. F i r s t of a l l , autocorrelation leads to a biased 

estimate of the regression c o e f f i c i e n t of the lagged value 

of the dependent variable, which i f there are no o f f s e t t i n g 

biases i n the other c o e f f i c i e n t s , i s s u f f i c i e n t to give a 

biased projection. Secondly, with the effect of errors being 

spread out over succeeding periods, an error in period t affects 

the l e v e l of the dependent variable i n t + 1 d i r e c t l y as well 

as through the l e v e l of the dependent variable i n t . 

Both models were tested for autocorrelation using Von 

Neumann's r a t i o . Von Neumann's r a t i o showed that there was no 

si g n i f i c a n t autocorrelation in the residuals at the fi v e percent 

significance l e v e l . 

There remains, however, the problem of adverse effects of 

autocorrelation i n the projections. As already mentioned, the , 

presence of autocorrelation i n the error term of a model con

taining a lagged value of the dependent variable as a predictor 

leads to an inconsistent estimate of the co e f f i c i e n t of the 
4 

lagged value. Taylor and Wilson have developed a three-pass 

estimation procedure to reduce the bias i n the estimation of 

the lagged value of the dependent variable. The use of this 

method, however, poses a problem when i t comes to projecting 

from the estimated equation: except for the h i s t o r i c a l period, 

L. D. Taylor and T. A. Wilson, "Three-Pass Least Squares: A Method 
for Estimating Models with a Lagged Dependent Variable", Review of  
Economics and S t a t i s t i c s , XLVI (1964). 
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Z (residual) i s an unknown quantity. Houthakker and Taylor^ 

have carried out Monte Carlo forecasting experiments to test 

various solutions to this problem. The three main solutions 

that they experimented with were: (a) assume that Z takes on 

i t s h i s t o r i c a l mean in the projection period; (b) calculate 

Z year by year i n the projection period according to i t s 

asymptotic formula; (c) use the least squares equation. A 

summary of t h e i r results i s : 

(a) The estimating equation i s the best form of the 

model for making projections. 

(b) The best means of projecting the Z variable i s to use 

i t s value computed from the l a s t observation during 

the h i s t o r i c a l period for the f i r s t forecast and i t s 

h i s t o r i c a l mean thereafter. 

(c) While forecasts from the three pass least squares 

equation are e s s e n t i a l l y unbiased and the ordinary 

least squares forecasts are biased downward, the three-

pass least squares forecasts are less e f f i c i e n t than 

those of ordinary least squares. 

(d) The forecasting variance i n both the three-pass least 

squares forecasts and the ordinary least squares 

forecasts increases sharply from the si x t h period on. 

On the basis of this c r i t e r i a , the ordinary least squares 

equations were chosen since i t was f e l t that i t was more 

H. S .Houthakker and Lester D. Taylor, Consumer Demand in the U.S.  
1929-1970 (Cambridge, Massachusetts: Harvard University Press, 1966), 
pp. 45-52. 
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important to have a small variance rather than less biasedness. 

E. Projections 

The next step i s to use dynamic models one and two to give pro

jections of international and domestic boardings per capita and for a l l 

of Canada t i l l 1975. Once again, for the independent variables of popu

l a t i o n and Gross National Product, this study has used the potential 

estimates of the Economic Council of Canada which were given i n chapter 

four. Also with respect to the independent variable of average a i r 

passenger y i e l d per passenger-mile of Canadian scheduled c a r r i e r s , this 

study again used the f i v e different assumptions of chapter four. 

By once again making f i v e forecasts based on different assumptions 

regarding future fare l e v e l s , this study can point out how sensitive these 

two dynamic models are to fares. These two dynamic models are not nearly 

as fare sensitive as the three s t a t i c models since the fare coefficients 

are only -0.0072 and -0.0110 for dynamic models one and two respectively. 

The results of trying the f i v e fare assumptions i n the two dynamic 

forecasting models are shown in Tables XVI, XVII, XVIII, XIX, and XX. In 

model one, the actual levels of the independent variables are used while 

i n model two, the independent variables are converted into f i r s t differences 

before being substituted into the model. Since models one and two give 

boardings per capita, the t o t a l estimated Canadian boardings are obtained 

by multiplying the boardings per capita by the estimated t o t a l population. 

Fortunately both models gave quite similar r e s u l t s - - d i f f e r e d no more 

than eleven percent. Also notice that boardings are not too fare e l a s t i c 

See page 60. 
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TABLE XVI 

FORECAST OF TOTAL CANADIAN AND PER CAPITA INTERNATIONAL 
AND DOMESTIC BOARDINGS ASSUMING THAT THE AVERAGE 

AIR PASSENGER YIELD OF CANADIAN SCHEDULED 
CARRIERS PER PASSENGER-MILE DECREASES 

ANNUALLY 0.1334 CURRENT CENTS 

Average Model 1 Model 2 
Y i e l d per Boardings Total Boardings Total 
Passenger- Per Canadian Per Canadian 

Year Mile Capita Boardings.. Capita Boardings 

1967 5.7346 .32934 6,669,728 .34159 6,917,812 
1968 5.6012 .34595 7,125,290 .36574 7,532,891 
1969 5.4678 .36314 7,605,495 .38851 8,136,837 
1970 5.3344 .38087 8,110,246 .41120 8,756,093 
1971 5.2010 .39799 8,615,568 .43259 9,364,579 
1972 5.0676 .41526 9,139,084 .45401 9,991,897 
1973 4.9342 .43292 9,686,542 .47600 10,650,452 
1974 4.8008 .45106 10,260,668 .49878 11,346,198 
1975 4.6674 .46976 10,863,905 .52247 12,082,902 

TABLE XVII 

FORECAST OF TOTAL CANADIAN AND PER CAPITA INTERNATIONAL 
AND DOMESTIC BOARDINGS ASSUMING THAT THE AVERAGE 

AIR PASSENGER YIELD OF CANADIAN SCHEDULED 
CARRIERS PER PASSENGER-MILE DECREASES 

ANNUALLY 0.2000 CURRENT CENTS 

Average Model 1 Model 2 
Yi e l d Per Boardings Total Boardings Total 
Passenger- Per Canadian Per Canadian 

Year Mile Capita Boardings Capita Boardings 
1967 5.668 .32982 6,679449 .34233 6,932,799 
1968 5.468 .34706 7,148,152 .36721 7,563,167 
1969 5.268 .36492 7,642,775 .39071 8,182,913 
1970 5.068 .38330 8,161,990 .41414 8,818,697 
1971 4.868 .40107 8,682,243 .43627 9,444,242 
1972 4.668 .41895 9,820,293 .45843 10,089,173 
1973 4.468 .43720 9,782,306 .48115 10,765,683 
1974 4.268 .45593 10,371,450 .50466 10,479,955 
1975 4.068 .47521 10,989,944 .52903 12,234,612 
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TABLE XVIII 

FORECAST OF TOTAL CANADIAN AND PER CAPITA INTERNATIONAL 
AND DOMESTIC BOARDINGS ASSUMING THAT THE AVERAGE 

AIR PASSENGER YIELD OF CANADIAN SCHEDULED 
CARRIERS PER PASSENGER-MILE DECREASES 

ANNUALLY 0.0500 CURRENT CENTS 

Average Model 1 Model 2 
Y i e l d per Boardings Total Boardings Total 
Passenger- Per Canadian Per Canadian 

Year Mile Capita Boardings Capita Boardings 
1967 5.818 .32874 6,657,577 .34068 6,899,383 
1968 5.768 .34455 7,096,455 .36391 7,495,200 
1969 5.718 .36091 7,558,791 .38574 8,079,202 
1970 5.668 .37762 8,015,299 .40754 8,678,157 
1971 5.618 .39415 8,532,441 .42802 9,265,649 
1972 5.568 .41063 9,037,186 .44853 9,871,293 
1973 5.518 .42753 9,565,941 .46960 10,507,253 
1974 5.468 .4494 10,121,451 .49146 11,179,683 
1975 5.418 .46291 10,705,488 .51423 11,892,340 

TABLE XIX 

FORECAST OF TOTAL CANADIAN AND PER CAPITA INTERNATIONAL 
AND DOMESTIC BOARDINGS ASSUMING THAT THE AVERAGE 

AIR PASSENGER YIELD OF CANADIAN SCHEDULED 
CARRIERS PER PASSENGER-MILE REMAINS AT 

THE 1966 LEVEL 

Average 
Y i e l d Per Boardings Total Boardings Total 
Passenger- Per Canadian Per Canadian 

Year Mile Capita Boardings Capita Boardings 
1967 5.868 .32838 6,650,286 .34013 6,888,245 
1968 5.868 .34372 7,079,360 .36281 7,472,544 
1969 5.868 .35958 7,530,936 .38411 8,044,685 
1970 5.868 .37599 8,006,331 .40534 8,631,310 
1971 5.868 .39184 8,482,435 .42527 9,206,117 
1972 5.868 .40785 8,976,004 .44523 9,798,666 
1973 5.868 .42429 9,493,446 .46575 10,421,110 
1974 5.868 .44125 10,037,511 .48706 11,079,592 
1975 5.868 .45880 10,610,438 .50928 11,777,864 
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TABLE XII 

FORECAST OF TOTAL CANADIAN AND PER CAPITA INTERNATIONAL 
AND DOMESTIC BOARDINGS ASSUMING THAT THE AVERAGE 

AIR PASSENGER YIELD OF CANADIAN SCHEDULED 
CARRIERS PER PASSENGER-MILE INCREASES 

ANNUALLY 0.0500 CURRENT CENTS 

Average 
Y i e l d Per Boardings Total Boardings Total 
Passenger- Per Canadian Per Canadian 

Year Mile Capita Boardings Capita Boardings 

1967 5.918 .32802 6,642,995 .33958 6,877,106 
1968 5.968 .34288 7,062,059 .36171 7,449,888 
1969 6.018 .35824 7,502,871 .38246 8.010,128 
1970 6,068 .37416 7,967,363 .40314 8,584,463 
1971 6.118 .38952 8,432,212 .42257 9,146,586 
1972 6.168 .40507 8,914,821 .44193 9,726,040 
1973 6.218 .42105 9,420,953 .46190 10,334,966 
1974 6.268 .43757 9,953,799 .48266 10,979,501 
1975 6.318 .45467 10,514,926 .50433 11,663,388 
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since the difference in boardings per capita is no greater than five per

cent between the two opposite fare assumptions of a 0.20 current cents 

annual decrease in fares and a 0.05 current cents annual increase in 

fares. This is consistent with the theory of habit formation since fares 

should be expected to exert less of an influence on consumption at high 

levels of income, because income is a constraining factor. 



CHAPTER VI 

FARE ELASTICITY AND PROJECTION SUMMARY 

A. Fare E l a s t i c i t y 

I t i s b e n e f i c i a l to determine how f a r e changes have a f f e c t e d and 

w i l l a f f e c t the growth of a i r t r a f f i c . In other words, what i s the 

propo r t i o n a t e e f f e c t on a i r passenger demand of a given percentage change 

i n f a r e s , other things equal. The M a r s h a l l i a n law of demand, presumably 

a p p l i e s to a i r t r a v e l : people w i l l buy l e s s at higher p r i c e s and more at 

lower p r i c e s , i f other things are not d i f f e r e n t or do not change. How

ever, other things such as p o p u l a t i o n , incomes and tas t e s do change and, 

t h e r e f o r e , must somehow be h e l d constant i n order to gauge the net e f f e c t 

of f a r e s . Chart 5, i l l u s t r a t e s the framework of the problem of determining 

f a r e e l a s t i c i t y - - a demand curve (D^) having a uniform e l a s t i c i t y i s drawn 

to s c a l e s of fares per mi l e and boarding passengers per c a p i t a . The same 

curve as i t would be a year l a t e r , i s a l s o shown (D 2) . I t has s h i f t e d to 

the r i g h t because of the growth of incomes and because of more favourable 

t a s t e ©r preferences of the p u b l i c f o r a i r t r a v e l . Two i n t e r s e c t i n g supply 

curves (S^ and S^) are drawn on the assumption that p l e n t y of seats are 

a v a i l a b l e . The past average w i l l show a number of boardings per c a p i t a 

at the f a r e P^ and a l a r g e r q u a n t i t y s o l d a year l a t e r at the lower f a r e 

P^. To f i n d the tru e e f f e c t of fares on t r a f f i c , one must c o r r e c t f o r the 

s h i f t of the curve, and measure the increase of t r a f f i c against the decrease 

of fares as i f both P^ and P 2 had a c t u a l l y been observed. F o r t u n a t e l y the 

"weight" or c o e f f i c i e n t of the fa r e v a r i a b l e i n a r e g r e s s i o n a n a l y s i s 
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gives the desired estimate of the relationship of boardings to fares, 

after allowing f o r , or holding constant, the effects of the other 

variables. 

In this study, the fare e l a s t i c i t i e s of the s t a t i c models d i f f e r 

quite s i g n i f i c a n t l y from those of the dynamic models. The fare e l a s t i c i t i e s 

of the s t a t i c models are quite similar i . e . -2.34, -2.29 and -2.18. A 

price e l a s t i c i t y of this general size means that a one percent increase 

(decrease) i n fares would cause boardings per capita to decline (increase) 

by approximately 2.2 to 2.3 percent. In other words, proportionate changes 

in fares are accompanied by changes in boardings that are proportionately 

larger by a factor of approximately 2.2 to 2.3 and i n the opposite direc

t i o n to the fare change. The fare e l a s t i c i t y of s t a t i c model one i s 

-2.34 with a standard error of 0.93 so that the chances are, therefore, 

2 out of 3 that the true e l a s t i c i t y i s -2.34 ± 0.93 or between -3.27 and 

-1.41. For s t a t i c model two, the fare e l a s t i c i t y i s quite similar ( i . e . 

-2.29) but the standard error i s higher ( i . e . 1.20) so that the chances 

are 2 out of 3 that the true e l a s t i c i t y i s -2.29 ± 1.20 or between -3.49 

and -1.09. Although the fare e l a s t i c i t y of s t a t i c model three ( i . e . -2.18) 

is the lowest of a l l three s t a t i c models, i t s t i l l d i f f e r s very l i t t l e 

from the others. The chances are 2 out of 3 that the trus e l a s t i c i t y i s 

-2.18 ± 1.24 or between -3.42 and -0.94. 

For the two dynamic models, the fare e l a s t i c i t i e s are much lower 

i . e . -0.72 and -1.10. In other words a price e l a s t i c i t y of this general 

size means that a one percent increase (decrease) i n fares would cause 

boardings to decline (increase) by approximately 0.70 to 1.10 percent. 

Not only are the fare e l a s t i c i t i e s lower but also they are less s i g n i f i c a n t 

since the ratios of the fare c o e f f i c i e n t s to thei r standard errors are 
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lower. For dynamic model one, the fare e l a s t i c i t y i s -0.72 with a 

standard error of 0.70 so that the chances are therefore two out of three 

that the true e l a s t i c i t y i s -0.72± 0.70 or between -0.02 and -1.42. And / 

for dynamic model 2, the fare e l a s t i c i t y i s -1.10 with a standard error 

of 1.01 so that the chances are two out of three that the true e l a s t i c i t y : 

i s -1.10± 1.01 or between -0.09 and -2.11. From these r e s u l t s , i t appears 

that the fare e l a s t i c i t i e s of the s t a t i c models are a l i t t l e more s i g n i f i 

cant than those of the dynamic models. In other words, the ratios of the 

fare coe f f i c i e n t s to their standard errors are higher for the s t a t i c 

models than the dynamic models. 

There i s a v a l i d reason for the fare e l a s t i c i t i e s of the s t a t i c 

models to be higher than those of the dynamic models. Since the dynamic 

model relates boardings per capita from one year to the next, the fare 

e l a s t i c i t y of the dynamic model may be taken as a short-term e l a s t i c i t y 

whereas, the fare e l a s t i c i t y of the s t a t i c model can be looked upon as a 

long-term e l a s t i c i t y . In the short run, boardings may not be very price 

e l a s t i c since i t may be too d i f f i c u l t to quickly change one's means of 

communicating and t r a v e l l i n g but i n the long run, i t can be changed. The 

higher long-run fare e l a s t i c i t y i s consistent with what generally happens 

with new goods and services. Although "the demand for a dramatically new 

commodity may be primarily a matter of considerations other than price, as 

i t i s introduced into the population and comes into wider use, the demand 

for i t may become increasingly sensitive to p r i c e . A l t h o u g h a i r trans

port has on i t s credit side a r i s i n g population, an upward trend in incomes 

John B. Lansing and Dwight M. Blood, The Changing Travel Market 
(Ann Arbor, Michigan: Survey Research Center, 1964), p. 116. 
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and an increasing number of experienced t r a v e l l e r s , on i t s debit side, 

i t has the great d i f f i c u l t y of increasing t r a f f i c volume more than the 

amount possible with r i s i n g incomes due to the uncertainty with regard 

to future prices. The increasing l e v e l of incomes is s t i l l the a i r l i n e s 

main asset, but growth i n boardings w i l l depend on a fare policy which 

induces a larger number of people to travel by a i r . The f i n a n c i a l factor 

greatly affects the choice of mode of travel since those who wish to 

tr a v e l but have limited f i n a n c i a l resources, are not l i k e l y to choose the 
2 

most expensive form of t r a v e l . The Lansing Report points out how the 

family s i t u a t i o n has an effect on the importance of the cost factor: 

"single people young or old travel most by a i r : respectively 13 percent 

and 15 percent of each of these two groups; only 6 percent of couples 

without children and 7 percent of couples with children travel by a i r . " 

Fares, when i t means multiplying them by two or more, are a major con? 

sideration i n a i r t r a v e l . 
B. Projected Boardings 

Since the main purpose of this study was to forecast t o t a l Canadian 

a i r passenger boardings, the forecasts of the three s t a t i c models and the 

two dynamic models should be combined into one. As mentioned i n chapter 

one, i t i s much better to use a combination of forecasting models. The 

three s t a t i c models and the two dynamic models a l l estimated the eleven 

years of h i s t o r i c a l boarding data extremely well but gave different fore

c a s t s — t h e s t a t i c models are extremely fare e l a s t i c but the dynamic modeis 

are not. The crux of the problem l i e s i n the fact that, i n the absence of 

2 
Ibid., p. 363. 
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e f f e c t i v e theory or even of working hypotheses, a great variety and wealth 

of data on t r i p purposes, socio-economic types of t r a v e l l e r , party size 

and other market i d e n t i f i c a t i o n features are needed to d i f f e r e n t i a t e 

amongst the many models that can describe major characteristics of change. 

However, at present there i s very l i t t l e information on a i r passenger 

characteristics and so i t i s extremely, d i f f i c u l t to choose amongst the 

models. 

In the end, one wants only one projection and so i t i s necessary 

to somehow combine the forecasts of the f i v e models. Ordinarily, choosing 

a projection value cannot be done i n a vacuum. Clearly there i s a difference 

between a good projection equation and a good s t a t i s t i c a l equation. To 

assess a projection equation properly, one needs to know how and i n what 

context a forecast i s to be used. However, i n this study, there appeared 

to be no basis for accepting one model and rejecting the others. Ordinarily, 

the forecasts of the f i v e models could be combined using a weighting method 

that gives a projection with the lowest variance i . e . weight each model's 

projection according to i t s standard error of estimate. Unfortunately 

this method of weighting the forecasts of the fi v e models could not be 

used since the f i r s t difference models had much higher standard errors of 

estimate than the absolute value models even though thei r results were 

just as accurate (based on a comparison of actual and estimated boarding 

levels) since two d i s t i n c t types of data were used. As a result this study 

resorted to combining the fi v e models by just finding the average of the 

f i v e . Although this method of combining the f i v e models may seem very 

elementary, i t was f e l t that i t was quite adequate for at least two 

reasons. F i r s t of a l l , the f i v e models gave forecasts for any one period 

that did not d i f f e r too s i g n i f i c a n t l y . It seems that despite the fact that 
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the s t a t i c models were very fare e l a s t i c while the dynamic models were 

not, strong habit formation during the early forecast periods boosted the 

forecasts of the two dynamic models to approximately the same levels as 

the s t a t i c models. Secondly since the coefficients of the two dynamic 

models were not i n general as s t a t i s t i c a l l y s i g n i f i c a n t as those of the 

three s t a t i c models, more weight i s attached to the s t a t i c model r e s u l t s . 

The results are shown i n Tables XXI, XXII, XXIII, XXIV and XXV. 

The growth patterns of these f i v e average forecasts have two things 

in common: (1) a l l show a declining rate of growth both in terms of board

ings per capita and Total Canadian boardings and (2) a l l show absolute 

annual increments which in general increase from year to year throughout 

the entire forecast period. These two t r a i t s are both major characteristics 

of growth industries. In general, most s t a t i s t i c a l growth curves, such 

as the Gompertz or L o g i s t i c curve, have an i n f l e c t i o n point ( i . e . matura

t i o n point) where the absolute f i r s t differences reach a maximum and 

thereafter decline. This study's forecasts, however5do not foresee the 

maturation point of a i r travel before 1975. 

A v i s u a l presentation of the f i v e average boardings i s given i n 

Charts 6 and 7. 

Of the f i v e forecasts, the one based on an average annual decrease 

of 0.1334 current cents i n a i r passenger y i e l d per passenger-mile seems 

the most r e a l i s t i c . I f this r e a l i s t i c projection does accurately describe 

the future, the growth of t o t a l boardings w i l l progressively decline from 

a 7.81 percent increase i n 1968 to a 6.54 percent increase i n 1975 and the 

growth of boardings per capita w i l l progressively decline from a 5.07 per

cent increase i n 1968 to a 4.35 percent increase i n 1975. 
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TABLE XXI 

AVERAGE PROJECTED TOTAL CANADIAN BOARDINGS AND BOARDINGS 
PER CAPITA WHEN THE YIELD IS ASSUMED TO DECREASE 

0.1334 CURRENT CENTS ANNUALLY 

Year 

Average Projected Total 
Canadian Boardings— 
Percent Increase i n 

Brackets 

Average Projected Boardings 
Per Capita--Percent Increase 

In Brackets 

1967 6,706,626 .33116 
1968 7,230,578 (7.81) .35106 (6.01) 
1969 7,776,061 (7.54) .37128 (5.76) 
1970 8,349,761 (7.38) .39212 (5.61) 
1971 8,922,965 (6.86) .41219 (5.12) 
1972 9,524,093 (6.74) .43275 (4.98) 
1973 10,158,025 (6.65) .45399 (4.90) 
1974 10,827,909 (6.59) .47600 (4.84) 
1975 11,536,377 (6.54) .49884 (4.79) 

TABLE XXII 

AVERAGE PROJECTED TOTAL CANADIAN BOARDINGS AND BOARDINGS 
PER CAPITA WHEN THE YIELD IS ASSUMED TO DECREASE 

0.2000 CURRENT CENTS ANNUALLY 

Year 

Average Projected Total 
Canadian Boardings-
Percent Increase i n 

Brackets 

Average Projected Boardings 
Per Capita—Percent Increase 

in Brackets 

1967 6,729,714 .33230 
1968 7,277,785 (8.14) .35335 (6.34) 
1969 7,848,735 (7.85) .37475 (6.06) 
1970 8,448,522 (7.64) 3.9676 (.587) 
1971 9,048,738 (7.10) .41800 (5.35) 
1972 9,677,402 (6.94) .43972 (5.19) 
1973 10,339,710 (6.84) .46211 (5.09) 
1974 11,038,782 (6.76) .48527 (5.01) 
1975 11,777,124 (6.68) .50925 (4.94) 
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TABLE XXIII 

AVERAGE PROJECTED TOTAL CANADIAN BOARDINGS AND BOARDINGS 
PER CAPITA WHEN THE YIELD IS ASSUMED TO DECREASE 

0.0500 CURRENT CENTS ANNUALLY 

Average Projected Total 
Canadian Boardings-- Average Projected Boardings 
Percent Increase in Per Capita—Percent Increase 

Year Brackets in Brackets 

1967 6,677,261 .32971 
1968 7,169,860 (7.38) .34811 (5.58) 
1969 7,682,861 (7.15) .36683 (5.38) 
1970 8,223,061 (7.03) .38617 (5.27) 
1971 8.761,906 (6.55) .40475 (4.81) 
1972 9,327,429 (6.45) .42382 (4.71) 
1973 9.925,013 (6.40) .44358 (4.66) 
1974 10,557,209 (6.36) .46410 (4.62) 
1975 11,226,806 (6.34) .48545 (4.60) 

TABLE XXIV 

AVERAGE PROJECTED TOTAL CANADIAN BOARDINGS AND BOARDINGS 
PER CAPITA WHEN THE YIELD IS ASSUMED TO REMAIN 

CONSTANT AT THE 1966 LEVEL 

Year 

Average Projected Total 
Canadian Boardings— 
Percent Increase i n 

Brackets 

Average Projected Boardings 
Per Capita—Percent Increase 

in Brackets 

1967 6,659,804 .32885 
1968 7,133,858 (7.12) .34637 (5.33) 
1969 7,627,570 (6.92) .36419 (5.15) 
1970 8,147,893 (6.82) .38264 (5.06) 
1971 8,666,310 (6.36) .40033 (4.62) 
1972 9,210,742 (6.28) .41852 (4.34) 
1973 9.786,378 (6.25) .43738 (4.50) 
1974 10,396,200 (6.23) .45702 (4.49) 
1975 11,042,904 (6.22) .47750 (4.48) 
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TABLE XXV 

AVERAGE PROJECTED TOTAL CANADIAN BOARDINGS AND BOARDINGS 
PER CAPITA WHEN THE YIELD IS ASSUMED TO INCREASE 

0.0500 CURRENT CENTS ANNUALLY 

Average Projected Total 
Canadian Boardings-- Average Projected Boardings 
Percent Increase i n Per Capita-•-Percent 

Year Brackets in Brackets 

1967 6,642,307 .32799 
1968 7,097,814 (6.88) .34462 (5.07) 
1969 7,572,278 (6.68) .36155 (4.91) 
1970 8,072,726 (6.61) .37911 (4.85) 
1971 8,570,627 (6.17) .39591 (4.43) 
1972 9,085,252 (6.00) .41281 (4.26) 
1973 9,647,967 (6.19) .43120 (4.45) 
1974 10,235,508 (6.08) .44995 (4.35) 
1975 10,858,539 (6.08) .46953 (4.35) 



This forecasted growth i s much lower than i n the h i s t o r i c a l period 

from 1955 to 1966 when the average percentage growth i n t o t a l boardings 

was 11.4 percent and in boardings per capita was 8.48 percent. Although 

during the l a s t decade or so Canadian a i r l i n e s have successfully taken 

from the railroads the major share of the market for common ca r r i e r t r a v e l , 

this process is already far advanced and can no longer be expected to give 

to the a i r l i n e s a major source of new t r a f f i c i n the future. Thus i t i s 

reasonable to expect that the future demand for a i r travel w i l l grow as 

the economy i n general expands—this growth w i l l come from the increase 

i n t o t a l population and more d i r e c t l y from the increase i n number of 

people in the population i n the upper income group. Although i t i s perhaps 

just human that people, after a long period of prosperity should look 

upon high growth of a i r t r a v e l as the normal state of a f f a i r s , growth does 
3 

not assume the role of dependable causal factor. Any future growth rate 

just based on the past record i s no more than a shorthand description of 

that record, the portion that may be represented by a compound interest 

curve. It i s necessary to understand the causes that operated in the past 

and w i l l continue to operate with equal effectiveness in the future and 

a l l f i v e forecasting models seem to do t h i s . 

Of course, there i s one other important reason for the forecasted 

average annual increases i n boardings to be lower i n the future than in 

the past. The forecasted average annual increase i n potential GNP per 

capita by the Economic Council of Canada is only 3.60 percent whereas the 

average annual increase i n GNP per capita over the 1955-1966 h i s t o r i c a l 

period was 4.91 percent. 

3 
V. Lewis Bassie, Uncertainty in Forecasting and Policy Formation 

(Austin, Texas: University of Texas, 1959), p. 10. 
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The forecasts to 1975 based on an average annual decrease of 0.1334 

current cents in a i r passenger y i e l d per passenger-mile seems the most 

r e a l i s t i c when Chart 8 by the International C i v i l Aviation Organization i s 
4 

examined. Chart 8 shows how a i r c r a f t productivity i n terms of tonne-

kilometres of available capacity produced per hour has changed between 

1951 and 1967 for the scheduled a i r l i n e s of ICAO members and how the 

average i s l i k e l y to move in the future up to 1980. Between 1951 and 1959, 

even before the introduction of the j e t s , a i r c r a f t productivity was r i s i n g 

f a i r l y fast ( i . e . approximately 7.5 percent per year) due to the steady 

introduction of the larger piston-engined a i r c r a f t . From 1960 onwards as 

the larger and faster jets were introduced, productivity increased steeply 

for four years (at about 18.5 percent per year) and then settled down to a 

steady increase of about 9.5 percent per year as the s h i f t to jets continued 

at a r e l a t i v e l y slower pace."* In the future, with the known orders for 

future delivery of new a i r c r a f t and the announced programmes of the a i r c r a f t 

manufacturers and the world a i r l i n e s (including Canadian carriers) for 

the introduction of further new types i n the more distant future, the 

present steady upward trend of a i r c r a f t productivity should continue. 

Up to about 1970, the steady upward trend i n a i r c r a f t productivity 

w i l l result from the continued introduction of larger versions of the long-

range jets and as the present generation of medium and short-range jets 

continue to take over in the i r respective sectors. From 1970 to about 

1977, the rate of increase of a i r c r a f t productivity should r i s e even 

^I b i d . , p. 23. 

^ I b i d - , p. 24. 
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further, as i t did between 1959 and 1963, when the jets were introduced, 

due to the increasing introduction of the Boeing 747, various types of 

"airbus" (200 to 300 seat a i r c r a f t for medium and short range) and the 

SST's. However, although a l l these a i r c r a f t w i l l have considerably higher 

productivity than their predecessors, the difference i n productivity may 

not be so great as when the long-range jets were f i r s t introduced to 

replace piston-engined a i r c r a f t and also the transference w i l l not be so 

complete and w i l l take place over a longer period, so that the rate of 

increase in world average a i r c r a f t productivity i n the 1970's w i l l probably 

not be so great as i t was i n the 1960's7--a rate of increase of 13 percent 

between 1970 and 1975 i s shown i n Chart 8. 

Not only does Chart 8 show how a i r c r a f t productivity has been 

steadily increasing, but also how a r i c r a f t operating cost per hour has been 

steadily increasing between 1951 and 1957 and began to increase rapidly as 

the jets were introduced injthe early 1960's. However, as these increases 

were not as rapid as those i n a i r c r a f t productivity, the operating costs 

per tonne-kilometre were forced down as shown i n the lower portion of 

Chart 8. In the future, i t seems probable that these two trends w i l l hold 

the same to the curve of future a i r c r a f t productivity. Although the SST's 

hourly costs are expected to r i s e more than productivity, p a r t i c u l a r l y i n 

the case of the f i r s t generation, this w i l l be more than offset by the 

effect of the B-747 and the various types of "airbus" whose volume of 

operations w i l l probably be greater than those of the SST's at least u n t i l 
8 

after 1980. As a consequence, i t seems most probable that the world 

7 l b i d . , p. 24. 
g 
Ibid., p. 24. 
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average operating cost per tonne-kilometre w i l l continue to f a l l t i l l 

1980 but at a decreased rate of approximately two percent per year. 

As a resu l t of these forecasts of future a i r c r a f t productivity and 

operating cost per tonne-kilometre available, ICAO forecasts that the 

future reduction in world average fares per passenger-kilometre w i l l be 

about two percent per year with a maximum of four percent and a minimum of 

no reduction. Since conditions and a i r l i n e s i n Canada are not that dif-'~ 

ferent from world conditions and a i r l i n e s (e.g. A i r Canada ranks ninth in 

size among the world's a i r l i n e s ) , this study's forecasts based on an 

average annual decrease of 0.1334 current cents i n a i r passenger y i e l d 

per passenger-mile (implies a reduction ranging from 2.1 percent to 3.0 

percent annually) seems the most reasonable. 



CHAPTER VII 

FORECASTED BOARDINGS FOR THE LARGEST TWENTY-FIVE 

AIR TRANSPORTATION HUBS 

A. Introduction 

National forecasts of t o t a l domestic and international boardings 

are of l i t t l e value i n comparison to boarding forecasts for individual 

"Canadian c i t i e s . Fortunately, the largest twenty-five a i r transportation 

hubs, which have accounted for 89 percent to 93 percent of the t o t a l of 

a l l Canadian a i r passenger boardings i n the past, have through time each 

maintained a generally consistent relationship to the national t o t a l . 

Table XXVI shows the consistent relationship through time of a community's 

percentage of national boarding passengers. Thus a national a i r passenger 

boardings forecast may be multiplied by a community's forecasted percen

tage of national a i r passenger boardings to obtain a reasonable estimate 

of that community's a i r passenger boardings for a forecasted year. 

To obtain forecasted percentages of national a i r passenger boardings 

for each community, numerous least squares curves have been f i t t e d through 

past data . This s t a t i s t i c a l technique i s employed by the Federal Aviation 

Administration i n obtaining forecasts of domestic and international board

ings for the twenty-one largest United States a i r transportation hubs.''' 

Recognition of regularity and extrapolation of i t i s a procedure i n 

which the reader w i l l probably not put too much confidence. The major 

Federal Aviation Administration, Aviation Demand and Airport  
F a c i l i t y Requirement Forecasts for Large A i r Transportation Hubs Through  
1980 (Washington: Federal Aviation Administration, 1967), p. 5. 
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TABLE XXVI 

BOARDING PASSENGER TRAFFIC DISTRIBUTION 

PERCENTAGE OF CANADIAN MARKET 

CITY YEAR 

1955 1956 1957 1958 1959 1960 

Baie Comeau .53 .63 .84 .58 .56 .52 
Calgary 3.61 3.50 3.50 3.72 3.86 4.07 
Edmonton 3.96 4.30 4.55 4.72 4.35 4.15 
Fredericton .34 .39 .41 .42 .49 .49 
Gander .64 .70 .75 .74 .67 .58 
Halifax 2.65 2.63 2.55 2.69 2.64 2.68 
Lakehead .72 .67 .73 .74 .73 .70 
London .87 .74 .81 .95 .99 1.08 
Moncton 1.25 1.37 1.38 1.40 1.47 1.48 
Montreal 18.60 18.50 18.30 18.00 19.14 19.40 
Ottawa 3.25 3.07 3.17 3.62 3.77 3.81 
Prince George .37 .28 .29 .26 .24 .25 
Quebec 1.40 1.76 1.83 1.72 1.87 2.04 
Regina 1.42 1.50 1.42 1.46 1.53 1.54 
Saint John .74 .67 .68 .71 .68 .77 
St. John's 1.10 1.19 1.20 1.25 1.22 1.25 
Saskatoon .81 .78 .72 .87 .99 1.05 
Sault Ste. Marie .38 .36 .37 .34 .40 .39 
Sept l i e s .58 .51 .57 .64 1.02 1.20 
Sydney .88 .84 .82 .84 .81 .81 
Toronto 18.97 19.33 19.50 20.01 21.02 21.67 
Vancouver 13.40 13.21 12.83 12.91 11.47 10.60 
V i c t o r i a 6.32 5.74 5.45 5.71 4.77 3.50 
Windsor 1.50 1.61 1.60 1.59 1.59 1.57 
Winnipeg 4.22 4.02 3.90 4.15 4.35 4.46 
Others 11.35 11.42 11.65 9.82 9.28 9.94 

Total 100.00 100.00 100.00 100.00 100.00 100.00 
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TABLE XXVI 

BOARDING PASSENGER TRAFFIC DISTRIBUTION 

PERCENTAGE OF CANADIAN MARKET 

CITY YEAR 

1961 1962 1963 1964 1965 1966 

Baie Comeau .51 .37 .40 .41 .47 .49 
Calgary 4.37 4.32 4.28 4.38 4.56 4.77 
Edmonton 4.32 4.09 4.05 4.07 4.32 4.48 
Fredericton .54 .53 .61 .61 .64 .65 
Gander .51 .62 .68 .72 .62 .56 
Halifax 2.90 2.82 2.85 2.82 2.74 2.71 
Lakehead .91 .88 .84 .81 .89 .93 
London 1.11 1.02 1.01 .91 .89 .84 
Moncton 1.49 1.39 1.32 1.45 1.23 1.18 
Montreal 19.62 19.94 20.56 20.88 20.48 20.00 
Ottawa 4.00 3.91 4.09 3.99 3.93 3.89 
Prince George .22 .30 .35 .44 .52 .59 
Quebec 1.99 2.04 2.25 2.03 1.76 1.60 
Regina 1.60 1.53 1.49 1.43 1.40 1.46 
Saint John .77 .79 .77 .74 .73 .67 
St. John's 1.16 1.35 1.52 1.56 1.43 1.30 
Saskatoon 1.14 1.06 1.00 .90 .96 .97 
Sault Ste. Marie .44 .48 .48 .45 .48 .48 
Sept. l i e s .91 .65 .58 .56 .50 .58 
Sydney .76 .71 .68 .67 .64 .59 
Toronto 23.00 23.27 23.70 24.05 24.12 23.64 
Vancouver 9.57 9.86 9.38 9.45 10.13 10.71 
V i c t o r i a 1.82 1.50 1.27 1.30 1.32 1.23 
Windsor 1.58 1.52 1.52 1.40 1.34 1.30 
Winnipeg 5.01 5.20 5.24 4.97 5.04 5.05 
Others 9.59 9.63 9.00 8.91 8.65 10.55 

Total 100.00 100.00 100.00 100.00 100.00 100.00 
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stumbling block being that the assumption of s t a b i l i t y of behavior from 

past to future i s not based on any understanding of the underlying processes. X 

Forecasting by trend analysis i s a rather dubious procedure where errors 

are l o g i c a l l y impossible to estimate. Whenever possible, more detailed 

prediction models should be used. Detailed forecasting models, however, 

are not always possible i n complex situations and the unaided i n t u i t i o n of 

management is not enough. 

Even i f i t i s agreed upon that trend analysis forecasting i s probably 

the most appropriate technique for forecasting a community's a i r passenger 

boarding, there i s s t i l l the major problem of deciding what order of 

regression to f i t . Two orders of regression may represent past history 

equally w e l l , but could give widely d i f f e r i n g results i n the future. 

Although some c r i t e r i a exist for deciding what order of curve to f i t , they 

are not t o t a l l y s a t i s f a c t o r y . Thus forecasting by trend analysis i s 

valueless (or even harmful) unless applied with judgment and with an under

standing of i t s l i m i t a t i o n s . 

Judgment i s necessary i n choosing what established forecasting 

technique should be used. Judgment is needed i n deciding how much accuracy 

is required. The cost of obtaining extra information must be balanced 

against the gain from better forecasting. Above a l l , judgment is needed 

in understanding that mathematical techniques are only useful when a l l i e d 

with experienced i n t u i t i o n . Furthermore, uncertainty increases as the 

time of forecast moves into the future. 

Thus, forecasting by trend analysis i s a rather poor substitute 

for prediction based on a s c i e n t i f i c model, but when there i s a limited 

amount of community data, trend analysis forecasting should not be avoided 

l i k e the plague, especially when i t i s i n the context of an over-all 
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s c i e n t i f i c model. 

B. Results From F i t t i n g Various Least Squares Curves to Each 

Community's Percentage of National A i r Passenger Boardings 

Before f i t t i n g various least squares curves to each community's 

yearly percentage of national a i r passenger boardings, this data must be 

assessed according to these various p r i n c i p l e s : 

(1) Ascertain whether the outlets for each community's a i r pas

senger boardings have changed remarkably in the past. 

(2) Check whether there have been s i g n i f i c a n t changes in inter

modal competition. If so, i t i s unreasonable to postulate 

uniform market conditions for trend analysis period so adjust

ments must be made. 

(3) Ascertain whether in the past there has been limited supply so 

that the community's data does not r e f l e c t true demand. 

Adjustments must be made i f there have been any s i g n i f i c a n t 

r e s t r i c t i o n s on supply. 

Particular attention was paid to Baie Comeau, Edmonton, Gander, 

Halifax, Sept. I s l e s , Windsor, London and Quebec City since their irregular 

trends in percentage of t o t a l Canadian a i r passenger boardings indicated 

d i s t i n c t changes i n supply, demand or inter-modal competition. Baie Comeau's 

percentage of t o t a l Canadian a i r passenger boardings h i t a peak i n the 1956-

1959 period when i t was a major d i s t r i b u t i o n point for mining and hydro

e l e c t r i c development supplies. Since then i t s share of a i r t r a f f i c has 

decreased in l i n e with the slow i n d u s t r i a l development of Quebec. 

Edmonton's percentage of t o t a l Canadian a i r passenger boardings has 

had two peaks--one i n 1957-1958 and the other i n 1966. The drop-off i n 
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t r a f f i c i n the 1961-1963 period can be explained by the withdrawal of 

scheduled service into Edmonton by Northwest A i r l i n e s and Western A i r l i n e s . 

However, by 1966, Edmonton's share of t o t a l Canadian a i r passenger board

ings had once again reached a peak with Wardair sta r t i n g to serve the 

charter market through Edmonton and Canadian P a c i f i c A i r l i n e s inaugurating 

a polar route to Europe. 

Gander's percentage of t o t a l Canadian boardings also has fluctuated 

quite widely. Gander airport was o r i g i n a l l y b u i l t to serve as a refueling 

depot for Britannias and Super Constellations on transatlantic f l i g h t s . 

There was a s l i g h t increase i n the 1957-1958 period when a new terminal was 

b u i l t but thereafter i t s percentage of t o t a l Canadian boardings began to 

decrease as the world scheduled a i r l i n e s started using new long-range j e t s . 

However, there was a b r i e f r e v i t a l i z a t i o n i n the use of the Gander airport 

during the 1963-1964 period as the charter a i r l i n e s expanded, using old 

Britannias and Super Constellations. But this increased use of Gander 

airport was short-lived since the charter a i r l i n e s soon started using 

long-range j e t s . Furthermore, there are random annual fluctuations in 

Gander's a i r t r a f f i c depending on weather conditions i n the United States 

Eastern seaboard--Gander is an alternative airport for incoming f l i g h t s 

to the Eastern seaboard when weather conditions are unfavourable. 

Weather conditions in the United States Eastern seaboard also 

p a r t i a l l y explain Halifax's e r r a t i c share of t o t a l Canadian a i r passenger 

boardings since i t also can serve as an alternative airport for incoming 

Eastern seaboard f l i g h t s . For the la s t few years, Halifax's share of 

t o t a l Canadian boardings has been f a l l i n g i n l i n e with the r e l a t i v e l y 

slow growth i n the economies of the Maritime provinces. The slow growth 

in the economies of the Maritime provinces r e l a t i v e to the rest of Canada 
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has slowed down the growth of boardings in a l l the Maritime airport hubs, 

except Fredericton. Fredericton's percentage of t o t a l Canadian boardings 

has been increasing over the l a s t few years as i t assumes the role of a 

major regional a i r p o r t . 

The peak in Sept. Isles share of a i r passenger boardings i n 1960, 

which was nearly double the 1955 or 1966 percentage, can be explained by 

the development of Northern Quebec and Labrador. Sept. I s l e s , l i k e Baie 

Comeau acted as a d i s t r i b u t i o n point for northern hydro-electric and mining 

developments. 

The large decrease in Windsor's share of t o t a l Canadian a i r passenger 

boardings over the last few years can be explained by the opening in 1964 

of Highway 401 to Toronto. On short hauls, such as to Windsor-Toronto, 

a i r fares are not competitive with the cost of rapid car or bus t r a v e l . 

London's recent decrease i n i t s percentage of t o t a l Canadian a i r 

passenger boardings can also be explained by the opening of the new Highway 

401 to Toronto. Highway 401 cut the road travel time to Toronto to less 

than two hours. 

The drastic decrease i n Quebec City's percentage of t o t a l Canadian 

a i r passenger boardings i n 1965 and 1966 can be explained by the completion 

of a new four lane highway to Montreal i n 1965. 

After taking into account the i r r e g u l a r i t i e s i n the annual percen

tages of t o t a l Canadian boardings for Baie Comeau, Edmonton, Gander, Halifax, 

Sept. I s l e s , Windsor, London and Quebec, several least squares curves were 

f i t t e d to each of the twenty-five airport hub's percentages of t o t a l Canadian 

boardings. The most commonly used trend curves, and which are used i n this 

study, can be grouped under three headings: 
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Polynomials 

(a) Straight Line: Demand = a + bt where t i s time and a 

and b are constants 

The slope of a straight l i n e i s constant, implying that 

demand i s increasing by a constant amount each year. 
2 

(b) Parabola: Demand = a + bt + ct where t is time and a, 

b, and c are constants 

The slope of a parabola changes uniformly with time. 

For this relationship the effect of an increase i n t 

can be shown to increase demand by b+ 2ct (by d i f 

ferentiating the equation with respect to t) times 

the increase in t . Thus the effect of the increase in 

t depends on the existing l e v e l of t . I f c were positive 

i t would mean that the higher to lev e l of t , the more 

effect any given change in t would have. I f c were 

negative, i t would mean that the effect of a further 

change i n t was less the higher the existing l e v e l of t . 

Exponentials 

(a) Simple Exponential: Log (demand) = a + bt where t i s 

time and a and b are constants. 

For a simple exponential trend curve, the demand increases 

by a constant proportion each year. The r a t i o of the 

slope of the demand to the demand i t s e l f i s constant. 
2 

(b) Logarithmic Parabola: Log (demand) = a + bt + ct 

where t i s time and a, b and c are constants. 

Unlike with the simple exponential trend curve where the 

ra t i o of the slope of the demand to the demand remains 
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constant, this r a t i o varies l i n e a r l y with time for the 

logarithmic parabola. 

(3) Modified Exponentials 

A modified exponential trend curve implies the existence of an 
2 

upper l i m i t to demand which i s approached asymptotically. 

(a) Simple Modified Exponential: Demand = a - br*" where t 

is time; a, b, and r are positive constants and r i s 

less than 1. 

(b) Gompertz: Log (demand) - a- br*" where t is time; 

a, b and r are positive constants and r i s less than 1. 

(c) L o g i s t i c : Demand = 1 where t i s time and a, 

a + br*" 

b and r are positive constants and r i s less than 1. 

Both the Gompertz and l o g i s t i c trend curves at f i r s t increase 

only slowly, then accelerate; hold the rate of acceleration 

for a time and then f l a t t e n off near some upper l i m i t . 

Again, autocorrelation was very important since although some curves 

gave high correlations with a community's percentage of t o t a l national a i r 

passenger boardings, the results were misleading due to high autocorrelation. 

For each potential least-squares forecasting curve, Von Neumann's r a t i o 

was calculated and the curve was rejected i f there was s i g n i f i c a n t auto

correlation. 

Furthermore, although certain curves may be s t a t i s t i c a l l y correct 

and v a l i d , they can not be the only guide of the forecaster since judgment 

J. V. Gregg, C. H. Hossell and J. T. Richardson, Mathematical Trend  
Curves: An Aid to Forecasting (London: Oliver and Boyd, 1964), p. 12. 
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must not be forgotten. Thus before accepting the results of some curves, 

the advice of certain experienced people in Canadian a i r t r a v e l was 
3 

sought. The forecasted percentages of t o t a l Canadian boardings that were 

f i n a l l y arrived at for each of the twenty-five hubs are shown in Table 

XXVII. These percentages are converted into actual forecasted boardings 

in Table XXVIII. 

Majority of advice from W. C. McNeal and A. L. Saumur of the Air 
Division of the Transportation Policy and Research Branch of the Department 
of Transport. 
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TABLE XXVII 

FORECASTED BOARDING PASSENGER TRAFFIC DISTRIBUTION 

PERCENTAGE OF CANADIAN MARKET 

CITY YEAR 

1967 1968 1969 1970 1971 

Baie Comeau .41 .40 .39 .38 .37 
Calgary 4.83 4.94 5.06 5.17 5.29 
Edmonton 4.55 4.60 4.65 4.70 4.75 
Fredericton .69 .72 .75 .78 .81 
Gander .55 .51 .49 .47 .44 
Halifax 2.70 2.73 2.75 2.79 2.81 
Lakehead ' .95 .98 1.01 1.04 1.07 
London .81 .78 .75 .73 .70 
Moneton 1.27 1.21 1.17 1.13 1.10 
Montreal 20.76 20.94 21.11 21.28 21.44 
Ottawa 4.08 4.11 4.14 4.16 4.19 
Prince George .64 .70 .76 .82 .88 
Quebec 1.52 1.50 1.45 1.39 1.32 
Regina 1.43 1.41 1.40 1.39 1.38 
Saint John .69 .68 .66 .65 .63 
St. John's 1.51 1.55 1.60 1.64 1.69 
Saskatoon .92 .90 .89 .87 .89 
Sault Ste. Marie .51 .52 .53 .54 .56 
Sept. l i e s .44 .40 .37 .34 .32 
Sydney .59 .57 .54 .52 .49 
Toronto 24.79 25.12 25.42 25.70 25.95 
Vancouver 9.49 9.35 9.26 9.19 9.12 
V i c t o r i a 1.06 .99 .92 .86 .81 
Windsor 1.27 1.22 1.17 1.12 1.07 
Winnipeg 5.41 5.53 5.65 5.77 5.89 
Others 8.13 7.64 7.10 6.57 6.06 

Total 100.00 100.00 100.00 100.00 100.00 
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TABLE XXVII 

FORECASTED BOARDING PASSENGER TRAFFIC DISTRIBUTION 

PERCENTAGE OF CANADIAN MARKET 

CITY YEAR 

1972 1973 1974 1975 

Baie Comeau .37 .36 .35 .35 
Calgary 5.40 5.51 5.62 5.74 
Edmonton 4.80 4.84 4.88 4.91 
Fredericton .84 .86 .89 .92 
Gander .40 .38 .36 .34 
Halifax 2.83 2.85 2.87 2.90 
Lakehead 1.10 1.13 1.15 1.17 
London .68 .66 .64 .62 
Moneton 1.06 1.03 1.00 .97 
Montreal 21.59 21.74 21.88 22.02 
Ottawa 4.21 4.23 4.26 4.27 
Prince George .95 1.01 1.08 1.14 
Quebec 1.27 1.20 1.15 1.10 
Regina 1.37 1.36 1.35 1.34 
Saint John .62 .60 .59 .57 
S t . John 1s 1.75 1.81 1.87 1.93 
Saskatoon .84 .83 .82 .81 
Sault Ste. Marie .57 .58 .59 .61 
Sept l i e s .30 .28 .26 .25 
Sydney .47 .44 .42 .39 
Toronto 26.15 26.40 26.59 26.77 
Vancouver 9.07 9.02 8.98 8.94 
Vi c t o r i a .76 .72 .64 .64 
Windsor 1.02 .97 .92 .87 
Winnipeg 6.01 6.13 6.25 6.37 
Others 5.54 5.06 4.59 4.06 

Total 100.00 100.00 100.00 100.00 
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TABLE XXVIII 

FORECASTED BOARDINGS FOR CANADA'S TWENTY-FIVE 

LARGEST AIR TRANSPORTATION HUBS 

CITY YEAR 

1967 1968 1969 1970 1971 

Baie Comeau 27,497 28,922 30,326 31,729 33,614 
Calgary 323,930 357,190 393,468 431,682 472,'024 
Edmonton 305,151 332,606 361,586 392,438 425,840 
Fredericton 40,275 52,060 58,320 65,128 72,276 
Gander 36,886 36,875 38,102 39,243 39,261 
Halifax 181,078 197,394 214,619 232,958 250,735 
Lakehead 63,712 70,859 78,538 86,832 95,475 
London 54,323 56,398 58,320 60,953 62,460 
Moncton 85,174 87,489 90,979 94,352 98,152 
Montreal 1,392,295 1,514,083 1,641,526 1,776,829 1,913,083 
Ottawa 273,630 297,176 321,928 347,350 373,872 
Prince George 43,927 50,614 59,098 68,468 78,522 
Quebec 103,952 108,458 112,752 116,061 117,783 
Regina 95,904 101,951 108,860 116,061 123,136 
Saint John 46,375 49,167 51,322 54,273 56,214 
St. John's 101,270 112,073 124,416 136,936 150,798 
Saskatoon 61,700 65,075 69,206 72,642 76,737 
Sault Ste Marie 34,203 37,599 41,213 45,088 49,968 
Sept l i e s 29,509 28,792 28,771 28,389 28,553 
Sydney 39,569 41,214 41,990 43,418 43,722 
Toronto 1,662,572 1,816,321 1,976,674 2,145,888 2,315,509 
Vancouver 634,446 676,057 720,063 767,343 813,770 
V i c t o r i a 71,090 71,582 71,539 71,807 72,276 
Windsor 85,174 88,213 90,979 93,517 95,475 
Winnipeg 362,828 399,850 439,347 481,781 525,562 
Others 545,248 552,416 558,100 548,579 540,731 

Total 6,706,626 7,230,578 7,776,061 8,349,761 8,922,965 
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TABLE XXVIII 

FORECASTED BOARDINGS FOR CANADA'S TWENTY-FIVE 

LARGEST AIR TRANSPORTATION HUBS 

CITY YEAR 

1972 1973 1974 1975 

Baie Comeau 35,239 36,568 37,898 40,377 
Calgary 514,301 559,707 608,528 662,188 
Edmonton 457,156 491,648 528,401 566,436 
Fredericton 80,007 87,359 96,368 106,134 
Gander y- 38,096 38,600 38,980 39,223 
Halifax 269,531 289,503 310,760 334,554 
Lakehead 104,765 114,785 124,520 134,975 
London 64,763 67,042 69,298 71,525 
Moncton 100,955 104,627 108,279 111,902 
Montreal 2,056,251 2,208,354 2,369,146 2,540,310 
Ottawa 400,964 429,684 461,268 492,603 
Prince George 90,478 102,596 116,941 131,514 
Quebec 120,955 121,896 124,520 126,900 
Reg ina 130,480 138,149 146,176 154,987 
Saint John 59,049 60,948 63,884 65,757 
St. John's 166,671 183,860 202,481 222,602 
Saskatoon 80,002 84,311 88,788 93,444 
Sault Ste Marie 54,287 58,916 63,884 70,371 
Sept l i e s 28,572 28,442 28,152 28,840 
Sydney •44,763 44,695 45,477 44,991 
Toronto 2,493,407 2,681,718 2,879,141 3,088,288 
Vancouver 863,835 916,253 972,346 1,031,352 
V i c t o r i a 72,383 73,137 69,298 73,832 
Windsor 97,145 98,532 99,616 100,366 
Winnipeg 572,397 622,686 676,744 734,867 
Others 527,636 513,996 497,601 468,376 

Total 9,524,093 10,158,025 10,827,909 11,536,377 



CHAPTER VIII 

CONCLUSION 

A. Important Results 

Efforts have been made i n this study to predict the demand for 

a i r transportation i n Canada up to 1975. Of course, there are many 

factors that affect demand but i t i s not possible to provide e x p l i c i t l y in 

forecast formulas for a l l of them because of the complexities involved and 

lack of data with respect to some of them, Nonetheless this study found 

f i v e s t a t i s t i c a l l y correct and l o g i c a l l y v a l i d forecasting models. A l l 

five models accurately estimated the lev e l and magnitude of change of the 

h i s t o r i c a l boarding data. Three of these models were s t a t i c ( i . e . have 

not lagged variables) and two were dynamic ( i . e . have lagged variables). 

Two of the s t a t i c models had increasing income e l a s t i c i t i e s of per capita 

a i r travel to take into account the influence of gradually r i s i n g per 

capita income. The th i r d s t a t i c model contained a trend factor as a 

catchall for the many factors known to change over time, such as tastes, 

quality and technology, but for which data was unavailable or which, 

singly, would be expected to have a small effect on boardings per capita. 

Both dynamic models expressed the generally accepted idea that current 

behavior i s affected by past behavior: current behavior depends on a l l 

past values of the variables, though more on recent values than on very 

remote ones. 

Despite the fact that GNP per capita and a i r passenger y i e l d per 

passenger-mile were expressed i n constant 1949 dollars as well as current 

dollars i n a l l models t r i e d , a l l f i v e successful models used these 
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variables in current d o l l a r s . This seems to hint that a i r passengers do 

not take into account the decreasing purchasing power of money when 

t r a v e l l i n g . If this i s not so, then perhaps some deflator other than 

the GNP price deflator should have been used. 

From these fiv e models, i t was found that one of the major factors 

affecting future boardings per capita w i l l be fare policy. A l l three 

s t a t i c models had a fare e l a s t i c i t y of approximately -2.30. This may be 

considered as the long-run e l a s t i c i t y and i s consistent with what generally 

happens with new goods and services; for a dramatically new commodity, the 

demand may be primarily a matter of considerations other than price, but 

as i t comes into wider use, the demand for i t may become increasingly 

sensitive to price. While the s t a t i c models give one the long-run fare 

e l a s t i c i t y , the dynamic models give one the short-run fare e l a s t i c i t i e s since 

they relate boardings from one year to the next. As one might expect, the 

short-run e l a s t i c i t i e s of the two dynamic models are much lower ( i . e . 

-0.72 and -1.10); i n the short-run one can not change his usual means of 

t r a v e l l i n g and communicating d r a s t i c a l l y . This i s consistent with the 

theory of habit formation since fares should be expected to exert less of 

an influence on consumption at high levels of income, because income i s a 

constraining factor. Thus although the r i s i n g l e v e l of incomes is s t i l l 

a i r transport's main asset, growth in a i r travel w i l l heavily depend on a 

fare policy allowing a larger number of people to travel by a i r . 

Although each of the f i v e forecasting models was s t a t i s t i c a l l y 

correct and l o g i c a l l y v a l i d , each model's forecasts differed primarily 

because of the short h i s t o r i c a l data period. I t was necessary, however, 

to combine the forecasts of the five models into one, since only one 

projection was wanted. After combining the f i v e models by taking the 
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average of the t o t a l , f i v e assumptions were made with respect to future 

fare levels ranging from an annual decrease of 0.20 current cents to an 

annual increase of 0.05 current cents. The growth patterns of each of 

these fi v e forecasts had two things in common: (1) a l l showed a declining 

rate of growth both in terms of boardings per capita and t o t a l Canadian 

boardings and (2) a l l showed absolute annual increments which i n general 

increased from year to year throughout the entire forecast period. These 

two trends are both major characteristics of growth industries. In 

general most s t a t i s t i c a l growth curves, such as the Gompertz or Logistic 

curve, have an i n f l e c t i o n point where the absolute f i r s t differences reach 

a maximum and thereafter decline. This study's forecasts, however, do 

not foresee the maturation point of a i r travel before 1975. 

Of course, the above mentioned growth trends may not have occurred 

i f different forecasts of GNP and population had been used. Rather than 

making internal forecasts of GNP and population, this study r e l i e d on the 

external potential forecasts of the Economic Council of Canada. In this 

study the Economic Council of Canada's most plausible population forecasts 

based on medium immigration and medium f e r t i l i t y were used.*' If instead, 

the Economic Council of Canada population forecasts based on low f e r t i l i t y 
2 

and low immigration had been used, the boardings per capita in 1975, i f 

the a i r passenger y i e l d per passenger-mile annually decreases 0.1334 

current cents, would be 0.51369—this i s approximately 2.9 percent above the 

boardings per capita forecasts based on population forecasts assuming medium 

Wolfgang M. I l l i n g , Population, Family, Household and Labor Force  
Growth to 1980 (Ottawa; Economic Council of Canada, 1967), p. 40-41. 

2 
lb i d . , p. 46 . 
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immigration and medium f e r t i l i t y . On the other hand, i f the Economic 
3 Council of Canada forecasts based on high immigration and high f e r t i l i t y 

had been used, the boardings per capita i n 1975 would be 0.46308--this 

is approximately 7.2 percent below the boardings per capita forecasts on 

population forecasts assuming medium immigration and medium f e r t i l i t y . 

Likewise, forecasts of boardings per capita in 1975 would be lower i f the 

forecasts of GNP were lower. If instead of making the assumption that 

r e a l GNP w i l l annually increase 5.0 percent to 1970 and 4.5 percent from 

1970 to 1975, as the Economic Council of Canada has, the assumption i s 

made that r e a l GNP w i l l only annually increase 3.0 percent to 1970 

and 2.5 percent from 1970 to 1975, boardings per capita i n 1975 would only 

be .43384—this i s approximately 13.1 percent below the boardings per 

capita forecast of .49884 given i n chapter s i x . 

With respect to the five fare assumptions, the most r e a l i s t i c 

appears to be that of an annual decrease of 0.1334 current cents in average 

passenger revenue per passenger-mile. This was the average annual decrease 

over the h i s t o r i c a l data period of 1955-1966. Such an annual decrease f a l l s 

right i n li n e with the estimated decreases of the International C i v i l 

Aviation Organization. Naturally each reader is free to pick the fare 

assumption he l i k e s . And i f he like s none of the fare assumptions, he 

can make his own and, using the fi v e forecasting models, develop his own 

forecasts. This is one of the main advantages of the an a l y t i c a l and 

conditional approach to the forecasting problem. 

If an average annual decrease of 0.1334 current cents i n the a i r 

Ibid., p. 47 . 
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passenger y i e l d per passenger-mile does accurately describe the future, 

then the growth of t o t a l boardings w i l l progressively decline from a 7.81 

percent increase i n 1968 to a 6.54 percent increase i n 1975 and the growth 

of boardings per capita w i l l progressively decline from a 5.07 percent 

increase i n 1968 to a 4.35 percent increase in 1975. This forecasted 

growth i s much lower than i n the h i s t o r i c a l period of 1955-1966 when 

the average percentage growth i n t o t a l boardings was 11.4 percent and i n 

boardings per capita was 8.48 percent. Nevertheless, this forecasted 

rate of growth in boardings i s s t i l l substantially above the expected 

average growth rate of the national economy i . e . the average annual 

growth in r e a l GNP per capita for 1967-1975 is expected to be 3.10 per

cent. Although during the last decade or so Canadian a i r l i n e s have 

successfully taken from the railroads the major share of the market for 

common ca r r i e r t r a v e l , this process is already far advanced and can no 

longer be expected to give to the a i r l i n e s a major source of new t r a f f i c 

i n the future. It i s perhaps just human that people, after a long period 

of prosperity should look upon high growth of a i r travel as the normal 

state of a f f a i r s but past growth i t s e l f does not assume the role of a 

dependable causal factor. 

Of course, national forecasts of t o t a l domestic and international 

boardings are of l i t t l e value i n comparison to boarding forecasts for 

individual Canadian c i t i e s . Fortunately, the largest twenty-five a i r 

transportation hubs, which have accounted for 89 percent to 93 percent of 

the t o t a l of a l l Canadian a i r passenger boardings i n the past, have 

through time each maintained a generally consistent relationship to the 

national t o t a l . Thus by f i t t i n g numerous least-squares trend curves 

through each community's past percentage of national a i r passenger 
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boardings and modifying where necessary because of the advice of experienced 

people in Canadian a i r t r a v e l , forecasted percentages of t o t a l Canadian 

boardings were arrived at for each of the largest twenty-five Canadian a i r 

transportation hubs. The forecasted percentages for each community were 

then multiplied by the forecasted t o t a l Canadian boardings to obtain 

boarding forecasts to 1975 for Canada's largest twenty-five a i r trans

portation hubs. 

B. Suggestions for Improved Forecasts 

These are only f i r s t step forecasting models that could be improved 

in the future by the generation of two sets of information: (1) Canadian 

a i r passenger characteristics and (2) airport passenger peaking charac

t e r i s t i c s . 

In the future, more complex t r a f f i c and market analysis forecasting 

models should be t r i e d . T r a f f i c models estimate, through equations, travel 

by each major travel mode on each origin-destination segment for each of 

several t r i p types. T r a f f i c models are very sensitive to changes i n the 

travel time, cost and convenience of tr a v e l by each available travel mode, 

as we l l as the socio-economic changes as they affect t r a v e l . With market 

analysis forecasting techniques, the composition of the a i r travel market 

is determined as to age, industry, family income, education, etc., for 

several years, and then compared for these same years to a breakdown of the 

national population by the same ch a r a c t e r i s t i c s . This shows how people 

with various s o c i a l , economic and demographic characteristics demonstrate 

d i s t i n c t and predictable a i r travel behavior. Assuming this hypothesis to 

be true, the composition and size of each of the corresponding elements of )n 

the population as a whole, measured in terms of (at least) occupation, age, 
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industry, income, and education, and the d i s t i n c t growth-rate of a i r travel 

frequency per thousand people i n each population group. 

At present, s t a t i s t i c a l information on a i r travel i n Canada is less 

complete than i n the United States and data on other modes of travel such 

as car and bus t r i p s is even less available. Before t r a f f i c and market 

analysis forecasting techniques can be used i n Canada, a detailed data 

base providing travel demand by, socio-economic type of t r a v e l l e r , o r i g i n -

destination segment, t r i p purpose, party s i z e , and other market i d e n t i f i 

cation features, must be developed. With a detailed data base, a i r travel 

forecasts would be able to d i f f e r e n t i a t e between market segments and the 

dif f e r e n t demands placed on airports by them and take into account the 

competitive interactions of a l l modes of travel as well as socio-economic 

changes. 

In the United States there have been a large number of questionnaire 

surveys related to passenger travel i n general and to a i r travel in par

t i c u l a r . From these surveys, a reasonable p r o f i l e of the United States a i r 

traveler has been obtained. The most s t r i k i n g characteristics of United 

States a i r travelers are: 

(1) Length of Trip--of course the automobile i s the preferred mode 

of tr a v e l for short distances but a i r travel dominates commercial 

car r i e r t r a f f i c i n terms of passenger miles for a l l t r i p d i s 

tances of over 300 miles. And i n 1960, 58.2 percent of the 

t o t a l passenger miles were represented by t r i p s of more than 
4 

300 miles. 

A i r Transportation 1975 and Beyond: A Systems Approach (A Report 
of the Transportation Workshop 1967. (Cambridge, Massachusetts: Massachu
setts Institute of Technology Press, 1968), p. 66. 
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(2) Income--In 1962, 85 percent of a i r travel for a l l purposes was 

flown by those people i n the $7,500 and over income bracket, 

and 60 percent by those i n the $10,000 and above bracket.^ Thus 

i t i s perfectly clear that income i s closely related to the 

propensity and a b i l i t y to travel by a i r . 

(3) Occupation—In 1962, approximately 28 percent of the professional, 

technical, managerial and self-employed workers took at least 
. 6 one a i r t r i p . 

(4) Purpose of Travel--While business travel makes up approximately 

30 percent of a l l t r i p s taken by a l l modes of t r a v e l , i t 

accounts for about 60 percent of a l l revenue passenger-miles. 

These data on U.S. a i r t r a v e l l e r characteristics are not too useful 

for forecasting purposes. The U.S. travel surveys carried out during the 

past ten years have been sporadic, covering i n some cases regional travel 

and employing diverse techniques and sampling theories. Even at present 

there i s no continuing, standardized program of surveys covering the entire 

industry. 

Unfortunately in Canada, no comprehensive overall published data on 

Canadian t r a v e l characteristics could be found. There have been a few 

lo c a l surveys of Canadian a i r travelers such as the one conducted by A i r 

Canada of Vancouver a i r travelers i n 1967. At present, the Department of 

Transport i s attempting to remedy this s i t u a t i o n by financing a study of 

"*Ibid., p. 66. 

l b i d . , p. 67. 
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the travel patterns of a sample of Canadian residents over a twelve 

month period. The survey conducted by Canada Facts Co. Limited w i l l provide 

the following information: 

(1) Number of t r i p s made 

(2) D i s t r i b u t i o n of t r i p s made by. 

(a) P r i n c i p a l mode of transportation (automobile, plane, t r a i n , 
bus, boat, other). 

(b) Origin and destination 

(c) Date ( i . e . month of commencement) 

(d) Purpose (business vs. personal) 

(e) Duration (days away from home) 

(3) Characteristics of travelers: 

(a) Demographic (socio-economic l e v e l , age, etc.) 

(b) High-frequency vs. low frequency vs. non-travelers. 

This information w i l l be collected from diaries maintained by a representative 

set of about 895 Canadian households who w i l l be geographically distributed 

as shown over the next page. One serious potential d i s t o r t i o n stems from 

the fact that the survey does not include people who are not in families. 

The most important example being the young single person who has moved out 

of his or her parents' home. If successful, this system of data gathering 

could be extended over future years to keep track of trend developments i n 

Canadians 1 travel patterns. 

The other suggested improvement involves airport peaking character

i s t i c s . A valuable piece of information to go along with each airport's 

forecasted boardings would be the probably d i s t r i b u t i o n of t r a f f i c i n t i m e — 

i n other words, define peak periods and the weekly and seasonal variations. 

Unfortunately peaking information i s not available to the public. If and 

when i t i s available, an estimate of each airport's forecasted peak capa

c i t y would be a valuable addition to any study concerned with forecasting 
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GEOGRAPHICAL DISTRIBUTION OF SAMPLE 

A t l a n t i c Provinces 150 Households 

Quebec 175 Households 

Ontario 260 Households 

P r a i r i e Provinces 180 Households 

B r i t i s h Columbia 130 Households 

895 Households (approxi
mately 3,400 persons 
over two years of age) 

airport requirements. 

In order that future studies of this type have the above mentioned 

improvements, i t i s suggested that the private a i r l i n e industry and 

government co-operate more than i n the past. At present the interface 

between the government and the a i r l i n e industry i s so fragmented that 

improvements to the overall a i r transportation system are d i f f i c u l t to 

implement. 

C. Some Restraints on Forecasted Air Passenger Growth 

There are at least four d i s t i n c t factors that may l i m i t the a b i l i t y 

of the a i r transportation system to meet the forecasted demand. F i r s t of 

a l l , one factor threatening to l i m i t scheduled a i r passenger growth is the 

rapid growth of general a v i a t i o n — t h e a i r t a x i s , fixed-based operators, 

company and private airplanes. General aviation i s growing at such a 

rapid rate that unless there is an extraordinary expansion of a i r t r a f f i c 

control and ground-handling f a c i l i t i e s , the a i r c r a f t of scheduled a i r l i n e s 

(Group I and II) w i l l have to vie for a i r and airport space. The most 

appropriate means of a l l e v i a t i n g this problem would be to provide separate 
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f a c i l i t i e s for general aviation a i r c r a f t at rel i e v e r airports in hub 

areas. This solution has two advantages. F i r s t of a l l , i t takes into 

account the t r a d i t i o n a l freedom to f l y . Secondly i t takes into account 

the fact that i t i s not i n the public interest for a private airplane 

with a few people i n i t to delay a commercial a i r c r a f t carrying hundreds 

of passengers. 

A second factor threatening to l i m i t the growth of the a i r trans

portation system i s the noise and pol l u t i o n of jet engines. Although the 

jet engines have made large and e f f i c i e n t a i r c r a f t possible, they un

fortunately make noise and pollute the a i r . Fortunately the pol l u t i o n 

problem i s not too serious at present but as an t i p o l l u t i o n devices become 

more common, the proportion of atmospheric p o l l u t i o n contributed by a i r 

planes w i l l increase and attract more public attention. Noise and 

pol l u t i o n pressures could force airports to move farther from the c i t i e s . 

The solution to the noise problem does not appear to be in the form of -

the invention of a quiet jet engine. Rather, compatible land-use plans 

w i l l evolve to attract i n d u s t r i a l rather than r e s i d e n t i a l development to 

the periphery of air p o r t s . Also the imposition of r e s t r i c t i v e noise 

abatement a i r c r a f t routing procedures w i l l help. 7 Of course, any solution 

to the pol l u t i o n and noise problems must weight equally the considerable 

economic contribution of a c i t y airport against the r e l a t i v e l y small 

number of c i t i z e n s who are affected. 

A t h i r d factor threatening to l i m i t the growth of a i r passenger 

boardings i s that caused by different p o l i t i c a l j u r i s d i c t i o n s connected 

with a i r p o r t s . In Canada, major airports are owned and operated by the 

Ibid., p. 12. 
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Federal Government. The Federal Government w i l l b u i l d a l l airport access 

roads that use Federal property. However, i t i s the provincial government 

and to a lesser extent, the municipal government's r e s p o n s i b i l i t y to bui l d 

airport access roads that connect up with Federal Government access roads. 

The re s u l t i s j u r i s d i c t i o n a l problems that cause delay and poor planning. 

The most recent example being the new Vancouver International Airport 

where enormous congestion problems resulted from the provincial govern

ment 's unwillingness to buil d new adequate access roads. 

A fourth constraint on a i r transportation i s that of financing. 

Federal Government austerity programs are forcing the adoption of a Federal 

f i s c a l policy that w i l l require a i r l i n e s to pay a greater share of the 

t o t a l cost of Federal Government airports and airport f a c i l i t i e s . This 

comes at a time when Canadian a i r l i n e s are already having f i n a n c i a l 

problems because of purchase committments for new jumbo jets and SST's. 

Furthermore, a f i s c a l austerity policy would bring out greater a i r and 

ground delays because of inadequate t r a f f i c control f a c i l i t i e s and access 

systems. A badly drawn government policy hurts the growth of the a i r 

transportation system while on the other hand, a well conceived government 

policy nurtures growth and provides for an orderly a i r transportation 

system that best meets society's needs. 

If a l l these constraints are not a l l e v i a t e d , there could be costly 

delays and congestion. Up u n t i l now, the growth of a i r travel has been 

r e l a t i v e l y unrestrained by capacity r e s t r i c t i o n s whether they be airport 

f a c i l i t i e s or access f a c i l i t i e s . But some of our hub airports are reaching 

saturation levels which w i l l bring costly delays--costly in terms of the 

i l l w i l l of inconvenienced a i r passengers. Furthermore, serious new 

problems w i l l result at the peak times from the introduction of jumbo jets 
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and SST !s since so many more passengers are carried per airplane. And user 

demand rises or f a l l s depending on whether the service i s economical, 

f a s t , dependable, comfortable and safe. 

D. Future Capacity Problems at Major Canadian Airport Hubs 

With many of Canada's largest airports already taxed to capacity 

during peak hours, i t i s obvious that the forecast increases at many 

Canadian air p o r t s , cannot possibly be accommodated without major improve

ments in airport capacity, airport access and a i r t r a f f i c control. It i s 

d i f f i c u l t to predict what w i l l l i m i t the capacity of individual airports 

since each has i t s unique problems. But delays at any one major airport 

w i l l cause system-wide delays as equipment f a i l s to arrive on time. 

I t i s uncertain whether, from the viewpoint of society at large, i t 

would be better to formulate an ambitious investment program or to adopt 

measures based on price as a rationing device that would contribute to 

the more e f f i c i e n t use of airport capacity. Using price as a rationing 

device, one means of improving the ef f i c i e n c y of airport capacity would 

be to increase the price of airport parking to approximately the same 

le v e l as downtown parking. At present, parking fees at airports are so 

low that i t costs less to park for three or four days than i t does to 

make the round t r i p by t a x i . With increased parking fees, more would use 

the airport limousine and as a result congestion on access routes would be 

reduced, as well as the need for additional parking f a c i l i t i e s . A second 

way of improving the eff i c i e n c y of airport capacity would be to encourage 

a i r l i n e s to make more use of d i f f e r e n t i a l fares to reduce the peaks. A 

device for implementing this would be to charge d i f f e r e n t i a l landing fees 

that a i r l i n e s would have to pass on to passengers i n form of higher fares. 
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This would greatly improve efficiency since air travel , and in particular 

business air travel , is highly peaked by hour of day. Furthermore, there 

should be di f ferent ia l landing fees at different airports , especially the 

new airports which w i l l probably be less conveniently located so may be 

under-util ized while congestion continues to grow at the older airports . 

And f i n a l l y , the most eff icient device for improving efficiency would be to 

separate commercial and general aviation by the means of d i f ferent ia l 

landing fees. 

Thus certain devices could greatly improve the efficiency of 

airport capacity in the future so that not as large expansions in airport 

capacities would be needed. 
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