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ABSTRACT

Airports, as terminals for air transportation, are places for both the
movement of passengers and freight. They have a major influence on urban
development. The significance of sir transportation is often unéerestimated
byAcivic officials and transportation planners. Functionally, airports are
no different from the older and. well established reil or port terminals
around which most of our contemporary metropolises have developed.ii -

An understanding of the_nature of preeent and future air traffie enables
the transportation Qlanner to foresee the urban spatial structure and its
general relationship to the intereity transportation network. Before the
impact of the airport upon the regional urban structure can be ascertained,
it is necessary to establish the position and function of the airport within
the regional transportation infrastructure. »In order to determine this, it
is necessary to know the present snd future travel movements emanating from
it and terminating there. Herein an hypothesis is postulated to determine
the relative signigicance of a set of selected factors upon Vancouver's inter; '
city air travel and ultimately their influence upon its spatial structure.

INTERCITY AIR PASSENGER TRAFFIC IS INFLUENCED BY FOUR MAJOR
FACTORS: POPULATION, INTERCITY AIR DISTANCE, INTERCITY LINE
TIME, AND INTERCITY {INE PRICE. THIS SET OF INDEPENDENT
VARIABLES CAN BE POSTULATED IN A MATHIMATICAL MODEL TO ADE-
QUATELY DESCRIBE AND FORECAST LEVELS OF INTERCITY AIR PAS-
SENGER TRAFFIC.

A description and review of current air traffic forecasting methods is
continued out in Chapter II. Five methods are-outlined as follows: the
market analysis techniqne, the national income method the c1ty analysis
approach the econometric model, and the gravity model technique. The
gravity model technique is selected for*empha31s in this thesis. Chapter II
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presents in turn & brief history of the evolution of the gravity model as a
traffic predicting device. It is shown that the gravity model is a valid
predictive deviece for forecasting the gross-traffic movements between two
traffic centres.

‘Chapter III is devofed to a discussion of tﬁe significangelof,the gravity
model to air'traffic prediction. As generally conceived, thg-gravity model
relates the influence of u;ban population and interurban distance‘to inter;
city air traffic movements. This traditional theory of gravitational inter;
actance has been modified by g_number of air transportation researchers.
Multiple regression analysls is the primary method of investigatiqn in each
of these studies. By means of :egression.analysis, the varigb}gs, as selected
for inclusion in the'hypbthesis, have been shown to have validity in some
United States cities,

Ceftain ma jor assumptions are set out in order that the seleqted vari;
ables can be isolated_and~§tudied in the al;otted time periqd. The limita; ‘
tions imposed upon each of the selected variables'are outline& in Chapter IV.

In Chapter IV linear regression analysis is used to obtain the relative
significance of each variable as an air traffic determinant. The validity
for inclusion of a variable as a factor of air trgffic generation, is detgr;
mined by the coefficient of correlation for tbat va?iablg. Tbe:cogfficients
of correlation for tbe'selected variables ranged f;om»0f76 to 0.85. This
would indicate that the seléctedvvariablgs are valid components of the rela;
tionship as postulated in the hypothesis. o A '

Chapter V outlipes the basig method of research_used._ TheAmaiq tech—‘
niques employed include the gravity model apd‘multiple regressiop analysis,
By this analysis in an iterative manner, several valid rglationships hgve

been established between air traffic volume and the selected variables.
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However, while these relationships ére considered to be reasonable, their
validity is affected by constraints placed on them in time, in space, and
in data as is presented -in Chapters V and VI, From these relationships,
certain conclusions are postulated.

Gravity models are useful in examinigg the relationship between demo;
grephic factors, transport factors, and intercity air passengér traffic.
Distance proved to be a variably important factor. It appears to influence
air treffic in a definite manner which depends upon the population of the
study cities. Distance, according to the research, is less of a restrictive
factor for travel involving iarger cities a8 is shown in Table 10. As for
intercity travel time, there is no doubt that it is an~importanf factor on
some routes. In particular, diffgrences in time resulting from different
types of equipment may affect a traveller's decision. The apparent friction
effect of time/aistance for travel among smaller cities may only reflect the
fact that slower aircraft are used to serve these small communities. It is
possible that the introduction of short haul jet aircraft will minimize this
difference.

The regression equation_develqped he:e can on;y be'uSed as a predictive
device in certain cases, in partidulgr, on routes‘connecting large popula;
tion centres. On many routes, the standard devliations are low, and, thus
predictions are reasonably‘accuratg. That i;, when annualvpredicted traffic
is within 20»percent of actual annual traffic, it is acgepted as a good
projection. However, the relap}onsbips, as estgblished, leave much of tbe
air traffic variability tﬁexplainéd. Consequently, arees for furtﬁer study
are suggested in the concluding portion o£ thglthesis.

The research areas recommended for further study should.include‘several

recent developments in intereity common carrier transportation. These



technological achievements inclu@e: (1) the development of a better short
haul aireraft (ie. D.C; 9 or Boeing 737); (2) the provision of jumbo jets
by 1970; (3) the introduction of V.?.O.L¢ end S.T.0.L. services by 1973;
(L) the provisidn of a cpmmercia; supersonic vehicle-by 1975; qnd, (5) the
inauguration of high speed passenger trajn services on routes of 100 to 566
miles in length. In Canada»and the United‘States, the degree of success of
these new experimental passenger train_services places definite limitations

on the validity of predicting short haul air traffic over a long time period.
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CHAPTER I

INTRODUCTION



A. Introduction

(a) Objectives and Hypothesis

The past 20 years haye seen staggering changes in the means of
transporting people from one geographic location to another. The air
industry which in 1951 logged only 16 pe;centvof interéiﬁy common carrier
passenger miles, is now cerrying in excess of 50 percent of the passenger
mile total in the United States and Canadal. In 1960 more than 492,000
péssengers were handled at the Vancouver International Airport. In 1965
the correspondipg figure was 591,000 passenggrs?;. By 1975 thé-number of
domestic eir trave;lers is ex?ected to- exceed 3.7 million at Vancouver
Internaticnal AirportB; It is gene:ally conceded that significant improve;
ments, including increased passenger. comfort (services), speed, reliability,
and decreasing costs are thg factors that have attracted people to air trans;
portation in recdrd numbers.

An understanding of thefﬁaturg of présent apdvfuture air traffic en;
ables the transportation planner to foresee the urban spatial structure and
its general reiatiénship to the intereity transport network. A .comparison
can be drawn betweeh~airpqrts‘and other‘terminals, such as those used for
intercity rail operations. In the same manner that these terminsls have
influenced urban deveiopment in the past, the airport is and can be expected
to do so to a greater dggree in the future. Beforé-the impact of the air;
port upon the regional urban structure can be ascertazined, the pésition and
function of the airport within the regional tranéportation infraStructure
must be understood. In order to do this, it is necessary to know the pre-
sent and—futuré travel movements emanating from it and terminating at it.

Therefore, to determine the relafive significance ofiselected factors upon



INTERCITY PASSENGER TRAVEL IN THE UNITED STATES (a)

TABLE 1

(Pessenger Miles in Millions)

COMMON CARRIERS 1953 1958 1959 | 1961 1962 1963
Airlines 14,794 | 25,375 29,308| 31,062 | 33,623| 38,456
Railroads 26,905 | 18,474 17,502\ 16,154 | 15,859| 14,527
Motor Bus 28,400 20,800 20,400 19,700 21,000| 21,400

Total 70,099 | 64,649 67,210 66,916 | 70,482 | 74,383
Air Share (%) 2L 39.3|  43.6|  46uh|  4TJT| 51T
Private Auto 529,200 | 629,946 | 659,435 | 692,000 | 713,000 | 723,000

Totsl (Common ‘ T :

Carrier and Autd| 599,299 | 694,145 | 726,645 | 758,916 | 783,482 | 797,383
Common Carrier '

Share (%) . 11.7 9.3 9.2 8.8 9.0 9.3
Air Share (%) 2.5 3.7 4.0 4.1 43 4.8
Auto Share (%) 88.3 90.7 90.8 91.2 91.0 90,7

(a) SOURCE:
1964.

i

Air"transport‘Association, A;f Transport Facts and Figures

Végcouver's intercity air travel éhd«ultimately their influence upon;ité

spatial structure, a hypothesis 1s formulated.

INTERCITY AIR PASSENGER TRAFFIC IS INFLUENCED BY FOUR MAJOR

FACTORS:

TIME, AND INTERCITY LINE PRICE.

POPULATION INTERCITY AIR DISTANCE, INTERCITY LINE
THIS SET OF INDEPENDENT‘

VARIABLES CAN BE POSTULATED -IN' A MATHEMATICAL MODEL TO ADE-
QUATELY DESCRIBE AND FORECAST LEVELS OF INTERCITY AIR PAS-.
SENGER TRAFFIC.

Growth and change of air £ravel»patterns are determined by fact6rs

which change over time.

It is assumed that the most significant deter-

minants of intercity air travel are the total population -of interacting

cities, the line travel price, and the-line time between these traffic

centres as well as the air distence between these two ceities.
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The measure selected as therdependent varisble is the number of one
way air trips for busineas or non business purposes for a selected city
pair. Vancouver's 25 prime traffic centres were arbitrarily chosen for
sample analysis from statistiecs made»ayai;abie.byithe Air Transport BoardA.

Regression analysis is used to find the "test“ equation relating the
dependent variable (Yc) to any mumber of independent variables (Te = X *
X3 eseeesse Xq)e From- this process predictions of new Ye values can be
obtained for given X1 and X values.‘ Multiple‘fegression analysisualso
Agives a quantitative confidence measure for the closeness of fit of the
relationship and: the validity of the relationship as & predictive device.
It also establishes-the welghts to be attached to each of the selected
variables shown in Table.7.

The traditional gravity model Tij Elgi is subjected.to the iterative
a3
process-. ,That is, the above construct is tested in various forms—to see if
1t can be used to describe the nature of intercity air trai:el.. Tables 2, 3
and a show the results.of theseAadaptations to the- distance oriented gravity
model. The‘mcdificationsvinclude the use of lineahaui price aad line haul
time.. In‘order to project‘these variables-into the future, certain major
assumptions must be recognized. —
() Asswmpblons |
. Several recent.deveiopmente will affectethemnatare of»intercity
travel in the future. Their impact upon air travel will be significant.
For example, the~provision.of a supersonic transport vehicle is expected to
markedly increase the demand for long haul air travel just as the shift
from piston to Jet aircraft around 1960 caused an up5W1ng in air travel.
Provision of supersonic service would permit a businessman from Vancouver,

for example, to spend a full day in Montreal or Toronto as well as travel
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easily between the two cities the same day. However, the full benefits of
this supersonic speed may be frustrgted by the long ground trips due to
congestion on airport access routes. Until metrqpolitan rapid transit
systems link city centres and airports, or the airport is relocated at
more accessible points, actual intercity air travel will not approach poten;
- tial air traffic levels, Howevgr, the subjeet of airport accessibility is
beyond the scope of this thesis.

The development»of a better short haul aircraft will increase the use
of air transportation. At the present time, fhere is no craft. operating
in Canada which 1s able to provide profitable’service for t:ips~within a
radius. of 225 miles-from a base city5. Perhaps existing jet aircraft such
as the Caravelle, the D.C. 9, or the Boeing 737 will be able to provide
éucﬁ‘services economically at -slightly higher fares than those presently
charged. . Experimental no;reservation-air coach service as provided by
Eastern Airlines in the "Boston;Washington Gorridor? has apparently been
successful, Similerily, the Pacifie Western A;rlings is prqyiding_an air;
bus service between Galgary and Edmonton. It is evident~though'that
feasibility studies are required to determine the present and future role
of the short haul aircraft.withip the general air‘transporxation<industry.
- It is possible that the méjorvbreak through.concerning short haul
craft is in the area of vertical-takeoff-and—landlng aircraft and short—
‘haul-takeoff—and—landing aircraft (V T.0.L. and S.T.0. L.). ‘The question
involves the likelihood of—the»development of economical equipment. Per;
‘formance data available at the present time indicates: that the cost of
operating the S.T.0.L. eéuipmént is as high as 3@.26 per seat milee. This
means that the S.T.0.L. fares would have to be over twice as great as the

present economy fares, and more than four times as, great as ra;l fares7.
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In order to realize the full benefit of the S.T.Oth gircraft, airports
must4be_located~at’mqst:aqcessible Pqints so as to minimize the pravel
time between the aerodrome and the nucleus or nuclei of the metropolitan
region. - _ S

A third.eéuipment improyement of significance to intercity air travel
is therhigh;speedvpassenggy»traig.r'In_Canada%_in July, léé?,*the Canadian
National Railways will inaugurate-its.l25.m.p.h.‘"Turbq;Trains“'in the
"Montreal;Tbronto TransportiCorridqr“f The‘impact of these new rail ser-
vices upon air transpo?t betweep thesg c;ties will be gupstantial; This
has not as yet been documenteds. An analogy can be drawn between the
Canadien situation and the situation in Japan where the Japanese Ngtionalﬂ
Railway introduced.fast train service in"19§§ on the T@kyo;OSéka\roqte.
Similarly_in thernited‘Stapes?_an_experimental bigh spéed rgil service
has been inaugurated.betWeen.Bostqn andﬂNew_Logdpn, Conpecticut. It is
anticipated: that the United States Govermment will introduce a high speed
rail sérvice from Washington to B&gton'to serve the 35 million residents
of Megalopolis... In both cases, passengers embark at the déwntown terminsls,
travel at speeds as high as‘125 m.p.h;, and disembark at a downtown loca;
tion in destination éentres._ The obvious result is that total travel time
by train will not differ significantly from total time by,air on short haul
trips. Furthermore, the airlines will experience difficulty trying to
offer competitive fares. Thé degree ‘of Succes§~of"these néw_experimental
passenger train services p}aces~difinite limitations upon the validity of
predicting short haul air treffic over a long time period..

The fhfure performance of air transport as-a high volume carrier will
also be gqvérned by the eapacity of airports end _the adequacy of air. traffic

control facilities. Airports in New York City currently average better than
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dneﬂtake—off or landing every mimute during peak hours.’ There is very
limited space available.for’¢¥paﬁsion at present sites.,. As a result, the
plans of the New Yo:k Port Authbrity to*qonstruct;ﬁ new jetport haveLQOt
beeh ;ompleted, as there is §04§iderable discussion about the functional
division of long haul and sho:t-?agl air:tefmiﬁal facilities.

| A ciésely related problem iﬁvolves congestion of phe airway apprgach
facilities. It remains to be séén if air‘iraffig coptrol.pgoblems éad
air lane congestion will limitrﬁhé-inéfeased,utilization of air travel,

" In spite of these difficulties, the New York Port Authority assunes
that eir: travel will beithe—pnéd§minant-£orm of_fransportation for égips
of more' than SOO;m;les in length. The‘Authéri@y predicts that trips of
100 miles to 500 miles wiil be made by rail trensportation. Buses and
commuter trains willAbg qqmpetitofsAfor trgffig'in'the 50 to 206 mile range.
Competition between the modes will centre.on prices, total travel time,

. scheduling, sefvices and amepities. 7 v
As in the past in Canada and the United States, the Government will

play en important role in determining the_form of intercity travel for the
- future. Fbr éxamplé, theAUnited“Stgtes Qovernment hag‘pgid 90 percent of
the cost of fabricating the first supersqnigvgircraft; The Govgrnments of
Canada and the United’States arevactive in cost sharing arrangements for
the ultimate proQision of high:spee§~rail—passenger se;v;éggin;densely
populated-seépors of both‘countries. Ip the air transportation indugtry,
thezGovernmgnt<i§ responsible-for‘tbe following: (1) éir f#re strgcfure&
(2) a;loéﬁent.of routes to the individuel air carrieis; and, (3) distribu;
tion of subsidies tothe individusl cgrriei-s;

Before discussing the factors which affect intercity air passen;
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_ger trip generation, ittis necessary to-clearly define the terminelogy to
be used.

1. Irip = For the purpose of this thesis, a trip is defined &s a
one=way movement by air trensportation between-an origin
and destination terminal. Normally, a trip involves more than one trans-
port mode as a. person travels between an origln and 8 destination.

2. Metropolitan Vancouver -—a region as deflned by the Census of
- Canada. Metropolitan Vancouver, then,
is a reglonal governmental institution used to describe the central City
of Vancouver and its contiguous peripheral.’communities. It is not lmown
if this governmental unit corresponds to the air catchment aree (hinterland)
of the Vancouver International ‘Airport. .

3. §a§e<0;tx -~ the geographic location from where all the air "trips"
' originate. In this thesis the base’ city is Metropc-
litan Vancouver as described above,

4. Referggce-citx - the geographic location at which all the air
"trlps“ terminateo .

56 Bgige'Traffic Centre ~- This term is syhonymous with a reference
"~ eity. The study arbitrarily selected 25
traffic centres-to which the bulk of the Vencouver air "trips" are destined.
The rank of.these traffic centres is established according to the actual
traff ia movements to them from Vancouver as is recorded by the Air Transport
Board

6. Price — the term is equivalent to the intercity air line price.
It is strictly the cost of travelling from an origin air
terminal to a destination air termlnal.

7. -Iime —— the term is equivalent to the intercity ‘air travel time.
It is strictly the time réquired for travel from an origin
air terminal to a destination a1r terminal.

8. gg und Transportation — refers to the means of transport that the
air traveller uses in order to reach or
depart from the air terminal. It may be a cer, a subway train, a'commter
train, or a helicopter.

9. Loecal Transportation -— the term is equivalent in meaning to "ground
transportation”.

B. Air Trensportation and the Commnity
(2) Genersl Discussion
At this point it is importent to establish the role that air trans-



portation plays in‘community development; As this study is concerned with
the determination of trends in air péssenger traffic, it is important to
establish the position of the airport»in the commnity strueture., It is
upon community strgcture that the trends in air transportation will have
the greatest impact. The{fql}qﬁing quo@ations c¢learly establish the air;
port facility in the metropolitan matrixe

© "fhat then is the responsibility of the community in the
development and administration of the airport? The first
responsibility is to recognize the airport for what it
really is -- a working tool used for aiding the development,
advencement, and maintensance of a commmnity's economic and
social well-being csessoo dedicated to the public convenience"

In the words of the late. President John F. Kennedy.

"But however difficult it may be to foresee the full
dimensions of the air age, there can be little doubt that
the metropolis of the future must have a well-equipped,
well-designed and well-msnaged airport. The fate of a_city
and its population may well depend upon” the extent to which
it is willing to'devote-&ts human and financisal resources
to airport development“1

(p) Economie I_gact

Even in this temporary subsonic age, the airport contrlbutes
substantially to the ggqeral wgll'beinguof a metropqlitan:reglon. This is
well illugtratgd by thevexperignce Qf tpehCity qugtlanta, Georgig, which
has a population of over l,OOQ,OéO and possesses one of the ten busiest
airports in the United States.

"During the years since its establishment, the Atlanta Airport
has grown t0 become one of the nation's major centres of air
transportation. This growth hds crested Airport employment
for thousands of persons, and has ‘cohtributed materially to -
the growth of home building; commercial, and industrial acti-
vity throughout southern Atlanta and the. Tri-Cities region.
For the future, the advanees in alr transportation generally
will continue to be powerful forces in the further develop-
ment of the area"13

In the New- YorkrNew Jersey region, passengers moving through the region's
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airports spend several hundred million dollars every year on hotel accom;
modations, food, drink, locel transportation,. and entertainment. In addi;
tion, 705000 people throughout the area (inecluding taxi drivers, hotel
and restaurant workers, sales clerks and otners) are employed because of
air passenger and cargo activities. In fact, air transportation provided
employment for some 121,000 people in 196514;

(¢) Air Transportestion and Plamning o

An sirport is an integral part of & metropolitan conmunity, and
is a strong'force helping to shapeva region. It is imperative that the‘
planner understand the airport function and incorporate airports into
regional development plans. »
| In s study by Peterson the. planning agencies of eleven geographically
vgcatteredxmetropolitan regions,were surveyed in order to estimate the,
probable impact that Jet aircraft would have on each metropoliten regio 15
Ihe>study,was concerned with the planning philosophy of the agencies toward
their eirports and air tranepértationxin genersl. The results of thé suz-
vey indicated that in most instancesireéﬁonsibility'for“integrating dir N
tranSportation end its facilities into the metropolitan infrastructure had
not been-accepted by the planning agencies. A lack-of understanding of the
relationship of air transportation to the metropolis and the 1mpact of this
force in the metropolitan community was apparent.

f It-is important to recognize that not all cities are potentially :
aééendent upon air transportation.. The degree of dependency is a variable
which is- related to geographic factors, the economic, social, and political
attributes of the commnnitye It is the primary objective of this thesis to

evaluate the most 51gnif1cant transport factors of air passenger traffic

generation. The case study application is limited to a discussion of
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domestig air passenger traffic generated at Vancouver?s International
Airport.

Subsequent chapters are Qoncgrned with the evalgation of the selected
transport variables that'affegt air passenger traffic generation. A des;
cription and review of air traffiq fqrépqsting methods is carried out in
Chapter II. Chaptey_III is devoted entirely.to.a discussion of the signi;
ficance-éf theigravityimodelitqggir.traffic prediction. In. Chapter IV
linear regression analysis is qsed to gbtain the relative significance of
each vaerieble as an air traffic'determinant. Chapter V outlines the basie
method of research. The thesis concludes with Chapter VI, entitled,

"Appraisals and Conclusions.-- Recommendations for Further Study".
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A REVIEW OF AIR TRAFFIC FORECASTING METHODS
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This chapter reviews sbme of the techniques used by researchers to
formulate a conceptual framework which can relisbly forecast air passenger
traffic. Development of air traffiec fprecasting methods is also reviewed.
This thesis emphagizes the evolution and‘adaptgtion of the gravity and
potential model for forecasting air passenger traffic. The predictive
model developed_hgre is_aniadaptat;on of_thé ggneral potential model»con;
cept. The following preﬁictive gethods are reviewedz

The Market Analysis Technique;
The National Income Method; =~

The City Analysis Appiroach; and
The Econometric Model.

The Market Analysis Technigue o

Air travel és considered.here &s one of_several commodities in compe-
tition for thg buyerf; dol:!.'gr.sf This gpprogch accepts theiproposition that
each trip‘results frqm_g,mo?g or lesg ggrefully wgighedidecision by the
traveller, made pnder more or less qompe;ling c}?cgmstgncgs, and tempered
by the tfaveller'; baqurougd aqd experignce,Ahig resources, his tastes
and preferences, apd_qthgr.prima;ily persqngl considefationslé.

The problem is considered on thg same basis &s & broad national mar;
keting resaarch prqjectf._The main purpose igAto determine-what economic
and demographicAconditiong explgin the dgqisions that rgsult in air travel.
Then, by applying the findings of the market analysis to the persons ex;
pected to fall upder~similar_demqg;aphip‘gnd 9gop9mic groups ip.the future
and by assuming;simila; behavibgr ofigembers of‘these groups with respgct
to air trayel, 1t‘is possible fo estimate the volume of air travel developed

by the population.
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Using th;s approach, a National Trave1 Market Survey was conducted
during 195517. The fipdipgs were applied to the corresponding United
States census classifications of';he entire population of the years 1950
and 1955. ?he results of this procgdure indicated a reasonable degree of
relisbility. This method Was_used by the Eno Foundation to estimate the

air travel market for 1970 aend 197518.

The Na nal Ipcom¢ Method' S o
This mgtbod Qentpes_upon«tpeurelaﬁiqnship beﬁween_tptal inpercity.
‘ecommon carrier”trgfficxgpévpgtiqpa}.inpomg.A ?he rg}apionship between these
two factors yie;ds &an estimate qfwtqﬁal‘intgpgity common qarrier passenger

miles. By estimating the qir in@gsﬁryfs §hgr¢ of totél inte:city common
carrier passenger miles,Atotal ai:'passgnge; milgs are computed. By
applying the estimated averggeAlength of-gif%trips to total air passenger
miles, estimated passenger milgs nay be‘t:anslated_into total air passenger
trips. This aggrégatg ngmbg?Amgy'be fnrpher_subdivided'into the volume of
traffic carried by each_nationgl.air;ga?rierf»:Ihe_carriers can assign the

share of traffic to each of their passenger routes,.

The City Kﬁalz§§s Aggrqa‘b

Thigfapproach is'desigqu'to spow the_re;ationship~between a city's
population and the air passenger trgffiprit gene:atgs. 'In_1955 iﬁ was
determined that 96%_o£ theﬂtotg; domesp?gma;rhpassenggr traffic was generated
by 87 metropolitan areaslg. The air trips géngrated by each metropolitan
ares are tbgn rglgteq @q i?? popu;at;qnhto yield a”passegger;populationhratio;
By projecting population- for these areas, and by applying the projected

passenger-population ratio, total air passenger volumes are computed for



17

each metropolitan area.

The Econometric Model
Air Canada has developed an econometric model which has been used
guccessfully to predict travel habits on Air Canada!s Canadian routeszo.

The model is stated as follows:

8 e By ; B,

a
]T Yz sesessee Zl 22‘ ssesesee

X= AT,
where: X represents traffic per head;

the Y terms represent the moving averaged socio-economic variables
on a per capita basis;

the Z terms represéent the policy variables and are related to
traffic per head for the ‘sema period as the Y terms;

the a’s and B's are elastlcltles ‘of traffic to the variable that

they are powering. They représent average elasticities for the

period of‘the_higﬁqrigg; dataj;

A represents“abqonstaptt.“
The quel atpempﬁs torg1§§e>sqqio;ecppomic and poliqy varigples to air
traffic with a view tq gstimat?ng‘e}astigities>andvforeqasting tfaffic
three:to ten years ahead,_on an O:igip and Dgstinatiqn or an Area to Area
basis. This is achieved by a series ofvcdﬁppter programmes'whigh carry out
a regression analysils gnd_fegd»fqrecasﬁsAof SOcio%gponomic variables into
the regressién‘equgtiop 80 that trafﬁig»pep“bead qanhfipglly pe predieted
from this equatiqp. _Thg cqe?fic}egt; of this equation are found by a

regression analyslis of historic data.

H. C. Cerey™>

was the first person to observe that a gravitational

force of interaction exists in social phenomena. More than 100 years ago,
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he described man as ...f...-ﬁthe mqlecule of society" whose .eccece "great;
est need is that of»associatiqn With his fellow man"., The "great law of
molecular attraction", Carey said, “is the indispensable condition of the
existence of the being known as man".

In Carey's words, the law is as follows:

"Man tends of necessity to gravitate towards his fellow man.

Of @11 animals he is the most gregarious, and the greater the
number collected in a given space the greater is the attiractive
force there exerted ....... gravitation is ....... in the direct
ratio of the mass, and in the inyerse one of distance.,"

Except for some work by E. G. Ravenstein22 in 1885, the conceptual
framework was not considered for approximately 65 years.._Ravenstein showed
that the net directi9n of movement of migration was towards large. cities.
The volume of migration 1pcreased in proportion to some function of the
population of the large cities and decrgased as the distance between the
origin and destination cities increased. "A population," he said, "attracts
migrants from éther centres in relation to its P/d." -‘In 1924, E. C. Young23
of Cornell University completed studies of the movements of farm population
in the United States. Young's construction of migration phenomena centred
around the use of thg force of gravitational attraction formula ;; the use
of distance squared in the denominator of the attraction formula rather
than distance to the first power.

The distinction for discovering»applications for gravity and potential
models be}qngs to Reilly, Zipf; Rice, and Stewart, as well as the United
States Civil Aeronmautics Administration. ‘

‘ Reil;yzA observed in 1929 that for two towns competing for retail trade,
-the distance to the point_between_the two_towns at whieh both shared equally

in trade is expressed in the following equation:
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Al
1
Bk

wheret: Pl and P2 = the populations of towns l and 2;

rl and r2 = the distances from towns 1 and 2 to the point of
. equilibrium~

rl + r2 = d = the. distance sep&rating the towns. | A
Zipfzs, Stewart 6, and Rice27 generalized the concept in the 1940'
at approxiﬁately the same time thet #he Civil Aeronautics Administratio‘q28
advocated the gse_of the theory which etatee tbat'alr #ravel between two
points varies_direetly as the produet of the tworpopulations and lnversely
with;tﬁe_ﬁiStence between them. Zipf ?eturned to Carey's construct of the

force of interaction between two masses:

'Ai-—j = K Pin
di-j |
where: Aj;_j = the amount of air travel between points i and j;
K- =oa constant-
Py = the population of point i;
Pj = the population of p01nt is

di;j = the linear distance between points i and J.

Z2ipf measured for city pairs the movement of railway express, the move;
ment of pessengers trevellipg by highway carriers, the aggregate fares paid
by highway passengers, the nﬁmber of passengers travelling by railways, and
airway traffic, in relation to:

Ii—j =K .PiP'

dy_;
wheres .Ii_j_z.the amount of interaction between points i-and j;
' K = a- constant'

P; = the population of point i; -
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Pj = the population Qf point j;

di'_j = the linear distance between points i and j.
Zipf therefore adapted the conceptual framework to apply to other modes of
passenger transportation asvwell as.tovthe movement of goods between two
population céntres. He also pointed qut that the gravity formulae yield
- the mostﬂreliable travel infqrmation.when they are appliedito aggregate
movement between any two points rather than movemeni by ény particular mode.

In 1948, John Q.~Stewart29 of Princeton University st;died a variety of
interactions and communications'between urban centres. He observed that the
number of undergradugtes and alumni by states for Princeton, Yale, and
Harvard varied directly aS'the'population of the state and inversely as the
distance from the campus of the studenﬁ's homes. Stewart observed similar
results for the movements of bank cheques gnd money orders, pedestrian
traffic, and long distance telephone calls.

Rice applied the Pin/di ; dj concept at about the same time that it
was being studied by Zipf. In léL7, Rice prepared a document for the New
Haven Railroad in Which he compared potentlal and actual traffie slong the
New Haven'’s routes. He appliqd weights to the populations in the formula.
The term "ﬁormal wealth pegplef»was qriginated by Rice to_descriﬁe popula;
tions which had been adjusted by a wealth factor (pgr capita income). The
result was that potgntial traffiec more closely coincidgd with actual traffic
when the wealth adiustment was ma&e. Ripe fqund high correlatiqns between
potentials gdjusted for Wealth apdldistance, and gctual traffic. Using
these techniques, the less lucrative routes of the New Hgven werg‘singled
out for further action :ggarding their:lgve; of services. This concept
-was subsequently used. successfully by the Greyhound Bus Company.

Rice's modified formula follows:
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;=KW EwW,

43

where: Ti;g = the total number of passengers travelling between points
iand j;

Py = the pOpulation of point i;
Pj = the population of p01nt J,
W = a wealth factor (l 0 being the national average) .

Stewart and Dodd30 generalizeo the use-of_population modifiers for
determining an.Index of Interagtence. Stewart foundvthet some areas and
cities have influence greate; than in proportion_to their populations. He
decided to carry the physicelAanalogy one step fu:ther and to assign moleo;
uler welghts tovthe populations‘of different regions, just as specific .
weights are attached to molecules of the: physicel mass. Stewart's equa;
tlon is as follows: .

A, .= K (u P)i (u P)

1=

di—j , .

where: Ai;j = the total attraction between points i aﬂd”jix
P; = the population of point i; |

B Pj —-the population of point J, o

qibi.— the llnear distance between Doints i and hH

e b e e e e e e

u -the molecular weight attached to the uopulatlon p01nt.
Dodd suggested many. subfactors of the "molecular,weight“ whlch should
be con51dered 1n the formula such as dlfferential 1ncome, age, education, _

sex, occupation, meritel status, and political and religlons effilictions,

He took the highest value of'enjgoubfaotof\ee‘unity and expressed the other

values as & proportion of wilty. | |
Dodd sought a higher degree of coinoidence between actuel and prédicted

values of the quantity of interactsnce. Therefore, "if multiplying popu-
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lation by mean age resqlts in a highe; predictance, then age is a specifie
condition needing tq be takeé into acgount eseeess™, he sald.

John Stewartwa?d William Warntz of the American Geographical Society
have succeeded in computing and presenting graphically the surfaces of
population potentials fo: the United State531 (see Map 1). As an out;
growth of stewart's ea#;ier work, these maps reflect the_prggress made in
applying the general concepts of gravity and potential models.

Stewart's potential of populetion, is expressed as follows:

vy = E_Ei
di—j
where: Vi = the pctenﬁig;”at regign.i;
Pj = the pqpulation of:region j;“ |
di;j =the linear distance separating regions i and j;
K = a constant.

Stewart and Dodd processed data £rom more than 3,660 counties in the
United States, They cglculated the total potential for each county. The
three dimensional map they constructed.is designed so that the height of
a fictitious mountein in_egchucounty represents the total potentiel in that
county. -The resulting surface can easily be depicted on a contour map (see
Map 1)32. | | |

Recent tests of Pin/di;s applied to air traffic forecesting will be

discussed briefly in the next, chapter.
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25,

U
Map 1, Source: 1bid, p. 171. Map 1 shows the contours of the
"potentials of population" for the United States, 1940. The poten-
tiel is a measuré of the propinquity of people. Each individual
contributes to the total potential at any place an amount equel to

the reciprical of his distance away. Contours therefore are in units
of persons per mile.
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INFLUENCE OF URBAN POPULATION AND DISTANCE ON AIR TRAFFIC
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This chapter is concerned with a discussion of the development and
the results of empirical tests of & number of thggries of gravitational

Interactance, ag they relate to air passenger traffic. Regression analy-

EAYS

g8is is the primery method of investigation in these studies.

Regression analysis has been used by two investigators, Hammer and

Ikle33. They devised a logarithmic formula for "force of attraction" as

follows:
log Ai—j = log K + 1og»?i +'lpg Pj - log di-j
where: Ai~j = the total attraction between points i and j;

P; = the population of pdint i;
Pj =the populatipn of point j;
di;j'-zthe linear distance betyeeq pointsli and j.
Inclusion of city welghts in the anglysis requires the additibn of

two terms, log W; and log W., to the right hand side of the above equation.

J?

j are ceity weights for cities i &nd j respectively.

Rather than assume an exponent of d equel to unity (inverse linear

Wi and W

relationship between frequency of interaction and distance); Hammer and
Ikle estimated the exponent by applying the condition that the difference
between actual and potential traffic should be a minimum. They adjusted
the logarithmic form of the above equation to:

Hammer and Tkle made the result equal to zero and solved for the estimate
of the exponent. In the same manner they solved for estimates of the ecity

weights Wy and-Wju Hammer and Ikle determined city weights for 27 United
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States cities and an exponent eoual'to approximately 1.7434.

Hammer and Ikle found that a significant positive correlation exists
between clty weights and each of the following wariables; number of pro; ‘
prieters, managers, and officiale'as a percentage_of total city populetion.
Also, that there was a positive correlation between city weights and per
capita retail sales andAthe numben_of rooms available for transients
divided by the population'of the city under study. Furthermore, there
wgsla'negative correlation between city Weights andvthe percentage of
families with incones greater'than_$5,000,0d per annum..

Professor Samuel B. R.ichmond35 used multiple regress?on analysis to
predict eir passenger traffic for Denver, Colorado. His multiple regres;
sion equation, using 1952 data, is as follows.

log Xl = 1. 97986 + 6 71529 log X - O. 84913 log X

3
where: X; = the number of origin and destination passengers for 1952;.

2

X5 =the number of hotel registrants in Denver hotels; and,
X3 '-the number of intermediate stops.
Using this equation, Richmond obtained a correlation coefficient of 0.91.
Richmond also stndied many fectors'such as population, distance,
telephone messages f:om Denver, nunber”of persons renting cars at the
ajirport, number_of etudents_attending Denyer colleges, and circulation
figures foerenver newspapers. Popnlation figures of the base city and
the reference city d;yided>by the_;inear distance between the two urban
centres were also included,l He rejected-alt'of the above criteria,and
chose as the'best ‘measure of "community of interest“ ~the number of hotel
registrants from various outside 01tleS reglstered in Denver hotels. )
The next conslderation waeathe 9ua11ty‘o£ airlinevservice. He deter-

mined that the quality of the best flight is related to the number of
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enroute stops which the flight makes between the base city and the reference
eity. »

Richgond:also considered diStance for possible inclusion as a third
factor, but after analysis thconc;uded:tﬁat hotel registrant data was a
more,significant:factorAandvit gccounted'for the influence of distance for
trips in excess of»200 miles from Denver,

Richmqqd's qua;ion.is presgnted es & tpol for predictipg air passen;
ger traffic between two‘urban poipts. .The ;9liability andzavailabi;ity of
hotel registrant figurgs appear to pose & problem‘for most urbgn study areas.
Also, wguld it be posg}b}e»toiprqdict the number of_hotel.registrants for a
study city given an hqtel rggistrants' index for dnother city that has been
studied in this manner ;; for exgmple, Denvgr? N

bue to these apparenf limitations! Richmond proposed that his equation:
be used under the following spgcial conditions:» when new gir;ine service
is initiated between two points and when the quality of existing service is
changed. . . o o . o ,

In a related studyvat Qgpygr, Richmopd fgund_that §ir passenger traf;
fic tended to be a direct function of distance for short distences and,
beyond & critical distance of 120 to 200 miles, @hére‘appeared to be no
relation between traffic volumes and linear distahcesBé.

In a study of the air passenger traffic at Cincinnati, Ohio it wes
determined that there{is a correlation between air traffic and the linear

dlstance between urban centre537

. Thgre gppeared to be an irregular sort
of varistion in Cincinnéti's pasSenger generation with distance, in which
distance as'sugh is partiqulgrly'importgnt_in-settipg_thg minimum zone of
interaction, but is of varying importance to traffic centres beyondwfhe

fringe of this zone. The relationship, then; in the short distances appears
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to be some sort of direct function, whereas beyond the critical distance,
there is very little observable relgtionship at gll.

It is apparent from.the C;ncinnatiAstudy that Cincinnati's main air
traffic interaetion is w;th.the larger of the metropolitan areas in the
United States, and, in effect, shows the grgater correlation between city
8ize and the traffie which.ig_genegated.; To further-illustrate this apparent
positive correlation at Cincinnati, & scatter dlagrem and a. regressicn line
were established to relate Pqpulgtiqn sizg anq @he.volume of traffic generated.
By utiliiipg this linear gqugtion, eoefficiegt'ofvcorrelation, rho = 0,851
was determinest. Therefore; based on the evidence presented in the Cincinnati
case study, the volume of inte:city»air pgssénger tfaffie appears to be more
dependent upon the‘gogg;ation”of_a traffic centre than upon the linear dis;
tance between this traffic centre and the base city”.

This chapter has‘outlinediipstanceg~wpere gravity models have been
used in their traditional form to try to predict air passenger traffic
between two population qutrgé. This traditional theory of gravitational
interactance haS'been~modi£iéd by'a numbe: of investiggtors such as Hammer,
Ikle gnd\Richmond in an at#empt to exp;a;n_the nature of intercity air
traffi¢;a§ ¢gch'sﬁgqy gity? Regression analysis is the primary method of
investigation in_each case. - : o

It is the purpose.of GhapterﬂIV“té ﬁgyg}qp the predigtive'model:to be

used-in this thesis and to explain the significance of”the variables.
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VARIABLES INFLUENCING INTERCITY AIR PASSENGER TRAFFIC
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The informational requirements for the planning and evaluation of
transportatlon facilitles and pollcies are not fully satisfied unless 1t
is possible to estimate w1th reaeonable confidence passenger demands be~
tween specific locations.. These demands sheuld_be differentiated by
mode (ie. automobile, bus, rail and air), and by sector of the travel
market (ie. business and personal travel).,.

The»awarenessgof theee travel demands has. prompted much research in
intercity travel patterns. One sector in which. attention is being focus;
8ed 1s on those factors whicheaffecﬁ air trip generation within the inter;
city matrix. Transportation resea;chers are notionly asking the question:
where are people fravelling?, bup as well, what causes and enables them to
travel?, and why does one section of a nation generate more trips than
another? |

There are many factors thateeffect the number of trips made between
urban centres. However, it is- extremely difficult to find objective mea-
sures of any phenomena that involves the psychology of a large segment of
the population. KItvis, howeVen, poseible to make some assumptions. An
observer can agsume that the~price-ef ai; traneportation between two points
is closely related to the number of trlps made by the residents of these
two traffic centres.’ Yet, what for example is the effect of pOpulatlon,
intercity linear distance, intenc;ty line travel t;me on the number of
trips genereﬁed from & given region?

The purpose of this‘chapter is to ana;y2e<the major factors which
influence the total number of intercity'air trips made by residents of an
urban area: in this study ;; metropolitan Vancouver. The variables se;

lected for investigation include: (1) intercity line travel price; .
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(2) intercity line travel time;<(3) intercity linear distance; and,
(4). population. A mathematical expression is presented to illustrate the
impact thet each of these factors has upon intercity air travel.

The variebles in the model are stated in terms of demand elasticity,
that is, the percentage change in demand ie die to a unit percentage
change in one of the-explanatoryjveriables. For example, price elasticity
measures the responsiveness~of voluge of air travel to changes in the
level of intercity air fares. Numericelly,_this can be defined as the
percentage change in volume of travel which results from a one percent
change in fares. Percentages are calculated in both cases as, the change
from the smaller number: ie. & reduction in fare from $100 to $80 is

regarded as a change of 25 percent. .
40

Elasticity is represented by the formula™ :

~dq_ ’

e 4. . 2 . da

- 4o q dp

p
where: & = price elasticity,
p is the price and q is the quantity which is bought at each price
level.

If the-demand is elastic (e > - l), a reduction in fares will lead to
a more than proportlonate 1ncrease in volume of travel and, therefore,
increase total revenue earned. '

If demand is inelastic (ep‘<—-1), a1 reductlon in fares W111 lead to
a less than proportionate»increase in volume of travel and, therefore,
reduce total revenue earned. _ N A

If elasticity of demand is unity (e ;1)}?efreducticnnin fares will
lead to an exact%y proportionate increase in volume of tfevel, and.- there-

fore, total revenue earned will remsin constant.
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23 Air Transportation. Variables Considered

(1) Intercity Travel Price

Price is an important varlable in determinlng the level of inter-

ety alr travel. The changes_in guantity of travel purchased as trip.price
varies must be measured in order to estimate demand. Also, the influence
of price on travel behaviour may be affected by trip purpose, for example,
the demand for business trips is less sensitive to price changes than the
demand for personal trips.

Figure liillustrates the relgticnship‘bctween intercity air trgvel‘
demand énd trip price between Vancouver and its 25 prime air traffic cen;
tres. In order to explain the- general significance of thiS“linear asso-
ciation, a regression line, Ye = 11.5 - Q.ZX was established. By utllizing
this ecuation, a coefficient of correlation of rho = 0.76 was determined.
Appendix A sets out the statisticdl derivation of this coefficient of
correlation.

(2) Intercity Line Travel Time

Another important factor associated w1th the determlnation of
intercity air_travel dcmand is trgvclrtimc. .Fcr‘ccmmog ca:rig:;cripg,
travel time includesAbcth t#me spent(abcard the cgr:ier (lincihgul tﬁme)
and the time spent to get to and from the terminal (local time). It is
important to measure_local time éssocigted_with commcn.cgrrier tr;ps ;n
studyiﬁgvintercity gir'trgvel_whe;e loca; timec consﬁ;tute a.large pro;
portion of the total travel time of a short haul trip. o

Reductions in total travel thme can. be accomplished in several wayss
vehicle speeds can‘be increased, terminalsxcan be added or relocated'closer
to origins and destinatlons of the users (ie. downtown vertical take—off -

and landing ports), and local transportation networks can be greatly improved.
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Nearly all trips by common carrier require a2 minimum of two modsl transfers:
one in the origin city and one in the destination centre, and air~transpor;
tation offers no exception to this=rﬁle. In the-origin citj the passenger
utilizes some meens of t;ansportaﬁion to get to the air terminal and also
allews sufficient time to ensure that he meets the airline scheduled depar;
ture time, Similar delays are incurred at the destination point in waiting
for baggage and ground transportatlon.

An important time consideration entering into the demand for air trans—
portation ;s the”schedulef Since the,alp traveller with a defdnite'appoint—
ment at his destination must make his trip according to the- carrier schedule,
he has to take a-scheduled trip that arrives in suffiecient time at the des;
tination city to allow for terminal delays endkground.sransportation.

This thesis considess'only the impact‘cf interci%y'lineﬂcrayel time
on the.quantity of intercity air pessEﬁggg_ﬁravel. Figure 2 illustrates
the relationship betweeh inté?c%}y eir trayeledemand‘and line;travel time
between Vancouver and its 25 pélme air traffic centres. A regre551on 11ne
of Ye = 13.2 ~ 0.7X was established and by using thls equation, a coeffi-
cient of correlation of rho = 0.77 was determdned. ‘Appendlx B sets out
the statistiecal derivetion of.this coefficient of correlation.

(3) Intercity Linear Distance

It is assumed that_the cléser_twe p;afficrcent;esvere>located to
each other, the less air traffic will be generated between them. This
situation is shown to exist at Chicag04l~and”at CincinnatiAz. The latter
study revealed that there are no maaor traffic centres withln a radius of
225 miles of the City of Cincixmat143. The closest traffic centre to
Vancouver is the City of Victoria which is only 47 air mlles distant. The

significance of the Victoria traffic, within such close nroximity to
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Vancouver is obviously due to the physical water barrier between the two
centres.

This thesis does not consider in depth the significance of linear
distance to air'traffic. However, Figure 3 shows the relationship between
intereity air travel demand and intercity linear distence between Cincinnati
and its 25 prime air traffic centres. A regression line of Ye = 8.5+ 0.1X
'was esteblished and from it a coefficient of correlation of rho = 0, 65 was
determlned. Appendix C sets out the statistical computation of this coef- :
ficient of correlation. ! o

.(4) gglation

Population of traffic centres is an important determinant of trip
éeneration. In a study conducted at Cinclnnat144, a coefficient of correla—
tion of rho = O. 85 was established. Figure 4 iIlustrates this relationship
between city population size and its ability to generate air passenger
traffic. Appendix D presents the statistical computation for the regression
llne Ye = 1.7 + 3.3%. Appendix E shows that there is, as expected 2 strong
correlation between intercity air traffic ‘registered at Vancouver and the =

population of the selected 25 prime Vancouver air traffic centres.

B. QOther Veriables Not Oonsidered
There is evidence demonstrating that the characteristics of employment

such as occupatlon and indnstrial_composition have an important 1nfluence
upon air travel,_particularly travel for business prupose345f. Some indus;
tries such as wholeeale, retail; and professional services tend to generate
large numbers of trips per employee, while others sucb as‘manufacturing,

agriculture, and personal services tend to generate very low numbers of

trips per employee (see Appendix F).
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Another iﬁportant variable to be considered in explaining intercity
travel demand by ailr is personal income. Income which is a measure of the
ability to afford travel, plays an important role in the determination of
personal travel demand. The average inpqme of air travel}ersuiswhigher,

46

for example, than that for other modes™ . Coﬁsequently, income changes
will affect the total number of trips as well as the distribution of these
trips by mode.

It is probable that air traffic originating at Vencouver is influenced
by transcontinental rail services, partieunlarly thoée operated by the
Cenadian National Railways (see Appendix @). Howevef, a consideration of
the competitive impact of the réilways upo# Vancouver's intefcity gir travel
is beyond this study?s‘scope.

In addition to the above factors, there may be differences in péople's
attitudes toward travelling in general apd toward air travel in particular.
For example, some pgople are unwilling to use air transportation even though
all the socio;ecOnomic circumstancéa indicateAan air trip. Sometimes these
predispositions are due tq certaip qualities of t:avel by a particglar mode,
'such as general levél of comfort qf differences in apparentvsafety. These

attributes are-particularly difficult to account for and measure.

C. The Relationship Between the Selected Variables

In order to measure the relationships- between the explanatory varisbles
and the demand for intercity travel, it is necessary to choose_an explicit
form for the relationships, that is, s speéific mathematical expression. An
economic measure»of the relationship between an explanatory variable and a
demand Quantity is elastieity. The elasticity of demand with respect to a

particular explanatory variable is the percent chenge in demand per percent
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change in the value of the explanatory variable. The use of elasticity
measures to relate demand to the explanatory variable provides the ability
to forecast percentage cggpges-in demand for given percentage changes in
the explanatory variablézz; |

Several assumptions are possible in relating the elasticity of demand
to levels of the explapatory variebles: The first assumption is that
elastic;ty is constant, that is, the same regardless of the level of the
explanatory variables. For very large changes in the levels of the explana;
tory variables, the assumption of constent elasticity is weak. However, for
small changes in the level of the explanatory variable, the assumption of
constant elasticity is satisfactory. The dnly model that results in con;
stant4é1ésticity ié one that explains the_logarithm of demand as a linesr
function of the logarithms of the explanatory variablesks. This form of
the relationship offers several advaptages in estimation and interpretation,
In expressions with,ﬁény variables, it is possible to isolate the effect
of single variables on demand} and errors in the scale 6f the explanatory
variables. -

Analysis of the relationship bétween,the explanatory variables and
demand indicate that separate models ghould be used tg_describe business
end personal travel. For example, a change in price'or‘in travel time will
affect business travel differently than personal travel. Sj_milari’y, the
community of interest between cities may bg different‘for”business than for
personal travél. The_model used terstimate the.demand for intercity air
travel consists of the following equation:

log.Di;j ;;no }og Nigs ny log Xj f p log.?i-j +‘§-log ii;j

where: Di;j the number of trips originating at ecity i going to city j;

]

Ny a measure of the population or employment of the origin ecity



i used in the demand relationship;

Nj = a measure of the population or employment of the destination
city j used in the demand relationship;
n, = the elasticity of trip demand with respect to the measure of

population or employment in the origin eity i;

ng = the elasticity of trip demand with respect to the measure of
population or employment in the destination city i3 '

Pi;j = a measure of price of travel from city i to city is

P = the elasticity of trip demand with respect to the price

measure of travel between cities 1 and j;
Ti;j = a measure of trgveLvﬁigé"for trips going from eity i to éify is

t - the elasticity of trip demand with respect to the travel time
' measure between cities i and j. o

D, Yariables Used in the Model ~ - - . ; P
Before proceedingito a digcussion of the thesis methodology, it is
necessary to discussAtpe;bgsislfér'selection of . the explicit measures té‘h“

be nsed in the model. The‘choice of verisbles involved consideration‘of
their relevance in estimating the démand equations and the ease with which
they could be predicted for future time periods.

(1) Intercity Line Travel Price | _

Fafes for intercity air trips ponsist of‘both line haul fare and
ground transportation cost at the base and the destination cities. Ideally
the cost variable»used ip a demand modgl shogld be a composite of the
above two factors, but due to the general lack of local cost data, only
the line haul cost variable is considered.A N

Published data is avallable for line haul travel fares on established
routes. However, most carriers‘featurevspecigl fg;es guch ag round trip

discounts, family plans, children's fares, and many other permutations and
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combinations within the general regulated fare structure., As date is not

available by type or cost of tickets, it is necessary to estimate the
actual average fares., It is assumed, therefore, that the standard one way
economy fares are an approximation of thgmggpgqluavq?age fares.

(2) Intercity Line Travel Time |

 The total time taken for a trip from point of origin to point of
Qestinatianngsists;of the following: 1line haul time, local tré%élupime,
waiting times at termingls; and schedule delays.- Line haul time is con;
sidered to be the most important by many travellers. However, as frips
become shorter in timq/distance,'the proportiop of line time involved in
total travel time becomes less sign;ficant. Ideally, therefore, the time
variable used in a-demand model should_be a composite'of all the above time
factors. However, due to the paucity of local travel timg data, the time
varieble used here will consider only the line haul portion of the total
travel time period. o . ‘

In the case of a single daily sghedule between a given pair of points,
the determinatiqn of average line haul'time istimplé. .When multiple
schedules are available in & higher density market, this becomes more
complex. These schedples include trips at all times of the day, trips with
varying numbers of_stops and trips at va:ying speeds,_ﬂIp.grder to simplify
the determination of average line hgul times, it wes assumed that all pas;
sengers choosg the §hortest ;ine haul_time available for a given arrival
time in the destinatiqn city. The number o£ stops en”r¢qte is not considered
except as it is reflected in the elaﬁsad line haul time.

(3) Intercity Linear Distance

The variable intereity travel time, is considered to be a more

sensitive determinant of air traffic than linear distance. Therefore,
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linear distance is not ineorporated as & component in the model.
(4) Population
The measure ef popgletiep used in the model is the total popu;
lation of the defined urban region.
(5) Quantity of Trave;
The measure selected‘as the dependent variable is the number of
one way air trips for either'bgsiness Or‘personal purposes. The availability
of data and the volume of aig-treffic'between-citieS’influenced the selec;
tion of the‘sample_sets of eity peirer -Ideally it 1s desirable to have data
availeble for a suitable cross eection qf eity pairs for et least two time
periods, so that parametersvwh;chvexplain traffic may be estimated and so
that any shifts over time in the values of these parameters may be determined.
The model developed considers mainly the transportation factors which
influence air travel demend. The paiameters_gsed here_are line haul cost
(price) and line haul time. The model describes the mumber of trips
originating at a_baee city (ie. MetroPolitan Vancouver) and terminating
at a reference city. The model developed here may be used to describe
intercity air trips on selected Canedian rqutes»such‘as Vancquver‘to Toronto,
Vancouver to Calgary, and Vaneouver to Victeria. Chapter V describes how

ﬁhe model may be used to predict air traffic.
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This thesis examines a segmgnt qf the air traffic flow pattern of a
single metropolitan region, Vancouver. It considers éuantitatiVely the
main determinants of gir passenger traffic originating at the Vaneouver
International Airport.A As outlined in Chgpter IV, it is assumed that the
main determinanté of air passenger‘traffic are price, line time, and the
population of both the origin (Vgncouver) and the destingtionJcentres.

The study congiders the nature of the air spatial interaction between
Metropolitan Vancouver gnd its 25 prime'traffic generators. The selection
of one base metropolitan region permits a quantitative gnalysis of the
traffic determinants of this region. Thg spatial interact;on of a region
is studied in an effor£ toﬁdér{#e a congeptual framerrk to-explg%n its
determinants, It is the purpose of this the;is to test it; applicability
as a device to both describe and forecast the nature of air traffic between
an origin and a destination city.' This chapter ou#lineg the methods
utilized to test the applicability of the theoretical framework developed
in Chapter IV, »

This thesis is limiteq in space to the_considergtiontqf Vancouverts
passenger traffic between centres in Canade. In_time,Ait is limited to
the consideration of the middle 1966'; pgriod, with gain emphasis being
placed upon the year 1965. vIn”termgaqf datg,.the stqéy emphasizgs anpual
girline passenger totals bgtwgen Vangouver gnd 25 prime‘traffic centreé
which are served by Air Caneda, Canadian Pacific Airlines, and Pacific
Wester;-Airlines. - A . |

The demand model postulatgd in Chaptgr IV'permits.direct estimation
of the elasticity of demand for air transportation with respect to éhanges

in each of the explanatory variables. As an initial step in estimating
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the elastieity, normel linear regression techniques were used to test the

importance of the selected variables upon air traffic.

A. Non;computerizéd»Regearch
(a) The Grgvitz Model ‘ .

~ Assuming that the gravityvmodgl approachAis valid and that the
independent variables'selected fbr_use in the thesis are significant
determinents of intercity air passenger traffic,-several iterative tests
on the Vancouver air £raf£ic were cgrried out. The first test used the
gravity model and is stated as follows:

41 | S

wheres Pi = the 1966 popnlatiog of Metrqgolitan Vancouver;

P

J
di;j‘==the linear distance between cities 1 and j.

= the 1966 population'of the reference city;

Table 2, shows the results of the test'fqr Vancouver's 25 prime traffic
centres. With few exceptiops, the traditiongl g:avity model does not
adequately describe the nature of air traffic emanating from Vancouver
International Airpertf

Next, the distance &ariable usgd in the previous test was replaced
by the variable intereity line time.. The gravity model, then, assumed the

following.fbrﬁ:

Pj Pj

=]

Il

where: Py the 1966 population of Metropolitan Vancouver;
Pj = the 1966 population of the reference city;

t; . = the intercity travel time between cities i and j.



-TABLE 2

53

INTERCITY TRAFFIC USING LINEAR DISTANCE VARIABLE IN THE GRAVITY MODEL (a)

1966 ACTUAL | CALCULATED
i METRO LINEAR 1965 1965
REFERENCE CITY POPULATION |DISTANCE|TRAFFIC in|TRAFFIC in| DIFFERENCE
I in Thousand#|in Miles|Thousands |Thousands in
() = (e) (a) (e) Thousands
1 Toronto, Ont. 2,145 2,116 37.9 40.1 2.2
2 Calgary, Alte. 328 474 31.4 61.2 29.8
3 Edmonton; Alta. 399 524 | 28.9 6644, 37.5
4 Viectoria, B.C. 172 47 4.1 32.4 8.3
5 Winnipeg, Man. 505 - 1,179 18.7 38.2 19.5
6 Montreal, Que. 2,419 2,348 17.1 38.1 21.0
7 Prince George, B.C. 24 326 15.2 36.5 21.3
8 Prince Rupert, B.C. 14 470 13.8 26,1 12.3
9 Port Hardy, B.C. 1 223 12.7. 441 31.4
10 Powell River, B.C. 12 95 10:1 11.2 1.1
11 Terrace-Kitimat, B.C. 18 432 8.3 36.8 Rhe5
12 Castlegar, B.C. : 3 250 7.5 10.7 3.2
13 Kelowna, B.C. 17 . 179 7.3 6.8 0.5
1/ Sahdspit, B.C. 1 468 7.0 16.2- 9.2
15 Ottawa, Ont. 489 2,348 5.9 19.8 13.8
16 Regina, Sask. 131 853 5.9 13.5 7.6
17 Penticton, B.C. 15 162 5.8 8.2 2.4
18 Seskatoon, Sask. 115 797 4.0 12.4 8.4
19 Campbell River, B.C. - 8 118 4.0 5.9 1.9
20 Fort St. John, B.C. 7 507 3.9 12.1 8.2
21 Cranbrook, B.C. 8 338 3.7 21.2 17.5
22 Kamloops, B.C. 11 162 3.6 544 1.8
23 Whitehorse, Yukon 4 1,150 3.4 3.1 0.3
2/, Comox, B.C," '3 96 2.6 2.8 0.2
25 London, Ont. 207 2,205 1.9 15.9 14.0

* The Base City in the study is Metropolitan Vancouver'whose 1966 population

was 884,000.

(a) Pi, P J-

di—j
(b) SOURCE:
(¢) SOURCE:
(a)

is the form of the gravity model used in this table, where P repre-
sents population and d represents distance.
Dominion Bureau of Statistics, Cdnada Census, 1966.
Air Canade, Canaedian Pacific Airlines and Pacific Western.
Canada, Air Trensport Board, Airline Passenger Origin and

Destinaticon Statistics, Ottawa:

SOURCE:
(e)

1965.

Calculated traffic volume using gravity model.
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INTERCITY TRAFFIC USING INTERCITY TRAVEL TIME VARTABLE IN THE GRAVITY MODEL (a)

1966 INTERCITY| ACTUAL |CALCULATED
* METRO TRAVYEL 1965 1965
REFERENCE CITY POPULATION: | ..TIME:<.’| TRAFFIC in|TRAFFIC in|DIFFERENCE
' in Thousands| in Hours |Thousands |Thotiisands in
(b) (e) (a) (e) Thousands

1 Toronto, Ont. 2,145 Lol 37.9 46.3 8.4
2 Calgary, Alta. 328 1.1 31.4 26,4 5.0
3 Edmonton, Alta. 399 1.3 28.9 27.1 1.8
4 Victorie, B.C. 172 0.4 241 38.1 14.0
5 Winnipeg, Man. 505 2.5 18.7 17.8 0.9
6 Montreel, Que. 2,419 5.3 17:1 4oL “22.3
7 Prince George, B.C. - 24 1.9 15.2 11.2 4.0
8 Prince Rupert, B.C. 14 2.5 13.8 5.1 8.7
9 Port Hardy, B.C. 1 1.3 12.7 6.9 5.8
10 Powell River, B.C. 12 0.8 10.1 13.1 3.0
11 Terrace-Kitimet, B.C.. 18 2.3 8.3 6.7 1.6
12 Castlegar, B.C° 3 2.0 7.5 13.5 6.0
. 13 Kelowna, B.C. 17 1.0 7.3 15.1 7.8
1/ Sandspit, B.C. -1 2.3 7.0 3.5 3.5
15 Ottawa, Ont. 489 6.3 5.9 6.9 1.0
16 Regine, Sask. - 131 3.1 5.9 3.7 Re2
17 Penticton, B.C.’ 15 1.0 5.8 13.3 7.5
18 Saskatoon,. Sask. - 115 3.5 4.0 4ol 0.1
19 Campbell River, B.C. 8 0.8 4.0 8.8 L8
© 20 Fort St. John, B.C. 7 3.2 3.9 1.9 2.0
21’ Cranbrook, B.C. 8 3.0 3.7 2.1 1.6
22 Kamloops, B.C. 11 1.0 3.6 9.7 6.1
23 Whitehorse, Yukon 4 6.5 3.4 54 2,0
24 Gomox, B.C. '3 0.8 2.6 3.3 0.7
25 London, Ont. 207 6.1 1.9 3.7 1.8

‘* The Base City in the study is Metropolltan Vancouver whose- 1966 populatlon

was 884,000,
(a)
g4
SOURCE: "

SOURCE:
SOURCE:

(v)
(e)
(a)

(e)

Destination Statistics,’ Gttawa.
Calculated traffic volume using gravity model.

Pi Pj S e . . :

' is the form of thé gravity model used in this table, where P. repre-
sents population and t represents intercity travel time.
Dominion Bureau of Statistics, Canada Census, 1966.

‘Air Canada, Canddian Pacifie Airlines, Pacific Western Airlines.
Canada, Air Transport Board, Airline Passenger Origin and .

"1965.
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INTERCITY TRAFFIC USING INTERCITY TRAVEL PRICE VARIABLE IN THE GRAVITY MODEL (a)

1966 INTERCITY| ACTUAL |CALGULATED
| e METRO TRAVEL | 1965 | - 1965
REFERENCE CITY POPULATION PRICE |TRAFFIC. in|TRAFFIC in|DIFFERENCE
in Thousands|in $100's|Thousands |Thousands in
(b)Y (e) (a) (e) Thousands

1 Toronto, Ont. 2,145 1.1 37.9 27.5 10.4
2 Calgary, Alta. 328 0.3 31.4 40.4, 9.0
3 Edmonton, Alta. 399 0.3 28.9 42.7 13.8
4 Victeris, B.C. 172 0.1 24.1 15.2 8.9
5 Winnipeg, Man. 505" 0.6 18.7 23.2 4e5
6 Montreal, Que. 2,419 1.2 17.1 27.5 10.5
7 Prince George, B.C. 24 0.4 15.2 227 6.5
8 Prince Rupert, B.C. 14 0.4 13.8 18.1 o3
9 Port Hardy, B.C. 1 0.3 12.7 17.2 Leb
10 Powell River, B.C.~ 12 0.1 10.1 18.9 8.8
ll T'el‘race-Kitiﬁlat, BOC. 18 0.4 803 1901 10.8
12 Castlegar, B.C. 3 0.2 7.5 14.4 6.9
13 Kelowma, B.C. 17 0.2 7.3 7.5 0.2
1/ Sandspit, B.C. - L 0.4 7.0 19.5 12.5
15 Ottawa, Ont. 489 1.2 5.9 36.1 10.2
17 Penticton, B.C, 15 . 0:2 5.8 6.6 0.8
18 Saskatoon, Sask. - 115 0.6 4.0 16.8 12.8
19 Campbell River, B.C. 8 0.1 4.0 7.1 3.1
20 Fort St. John, B.C. 7 0.5 3.9 12.5 8.6
21 Cranbrook, B.C. 8 0.3 3.7 2.3 1.4
22 Kamloops, B.C. - 11 0.2 3.6 449 1.3
23 Whitehorse, Yukon 4 0.8 3.4 YA 1.0
2/, Comox, B.C. 3 0.1 2.6 2.7 0.1
25 London,}Ont. 207 1.1 1.9 16.2 14.3

The Base City in the study is Metropolitan Vancouver whose 1966 population

was 884,000,

(a)

Py

SOURCE:
SQURCEs.
SOURCE:

(D)
(d)

(e)

"1965.

p, P . o | S R B .
f——-i-is the form of the gravity model used in this table, where P repre-
sents population and p represents intercity travel price.

Dominion Bureau of Statisties, Cansda Census, 1966.
Air Caneds, Canadian Pacific Airlines, Pacific Western Airlines.
Canada, "Air Transport Board, Airline Passenger Origin and

_ Destination Statistics, Ottawa. '
Calculated traffic volume using gravity 'model.
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INTERCITY TRAFFIG'USING‘NONaCOMPUTERIZEDTLINEAR-REGRESSION RELATIONSHIP

BETWEEN" POPULATION, TIME AND PRICE:VARIABLES (a)

P e e L L

1966

ACTUAL CALCULATED
. METRO 1965 1965
REFERENCE CITY POPULATION TRAFFIC in | TRAFFIC in| DIFFERENCE
in Thousands Thousaends | Thousands in
(v) (¢) (a) Thousands
1 Toronto, Ont. 2,145 37.9 19.7 18.2
2 Calgary, Alta. 328 31.4 11.8 19.6
3 Edmonton, Alta. 399 28.4 12.2 16.7
4 Victoria, B.C. 172 L1 11.5 12.6
5 Winnipeg, Men. 505 18.7 12.5 6.2
6 Montre&l Queo ,419' 17;1 2057 306
7 Prince George, B.C. 24 15.2 9.8 5¢4
8 Prince Rupert, B.C. 14 13.1 9.7 34
9 Port Hardy, B.C. - 1 12.7 9.9 2.8
10 Powell River, B.C. 12 10.1 10:0 0.1
11 Terrace-Kitimet, B.C. 18 8.3 9.7 1.4
12 Castlegar, B.C. 3 7.5 9.8 2.3
lB'KelOWna, B.C; 17 7;3 1000 207
1/ Sandspit, B.C. -1 7.0 9.7 2.7
15 Ottawa, Ont. 489 5.9 11,7 5.8
16 Regina, Sask: 131 5.9 10.5 4.6
17 Penticton, B.C. 15 5.8 10.0 L.2
18 Saskastoon, Sask. 115 4.0 C105i4 - 6.4
19 Cempbell River, B.C. 8 4.0 10.0 6.0
20 Fort St. John, B.C. 7 3.9 9.6 5.7
21 Crenbrook, B.C. 8 3.7 9.6 5.9
22 Kamloops, B.C. 11 3.6 10.0 6.4
23 Whitehorse, Yukon A 3.4 8.9 5.5
24 Comox, B.C. 3 2&6 10,0 7.4
25 London, Ont. 207 1.9 10.4 8.5

* The Base City in the study is Metrbpolitan Vancouver whose 1966 popilation

was 884,000,

() Ye = 6.4t 4o 7X - 0. O7Y - 0.2Z is the form of the linear regression line
used to compute the "Expected 1965 Traffic";

wheres

X = the combined population of the two traffic centrea,

Y = the intercity line price between the two traffic centresy

z
(b) SOURCE:
(c) SOURCE:,

1}

estination Statistics, Ottawa~

the intercity line travel time between the two-traffic centres.
Dominion Bureau of Statistics, Canada Census, 1966.
Canada, Air Transport Board, Airline Psssenger Origin and

1965.

(d) Calculated traffic volume using gravity model.
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Table 3 shows the actual and computed traffic volumes. The difference
between the actual and computed traffic volumes 1s less than whenAinter;
city 1ine_§r distance is used in the gravity model (see Table 2).
Tables 2 and 3 show that»linear distance and intercity travel time,
considgrethgnsepargte va;igbles, do not adeéuately explain Vanéouver's
intercity air passengervtraffic. The next test considered the intereity

line price (fare) in the gravity model as follows:

Py Py
Pi_

wheres: Py = the.lééé population of Metropolitan Vancouver;
Pj = the 1966.p9pglation of the referencemgity;
| pi;j = the. intercity travel prigeibetw§en cities i and j.
Table 4 shows the actual and computed volumes., It shows that the disparity
betwean the actual traffic apd thgt explained when the price variable is
used in the gravity model, continues to in;rease; |
(b) Linear Regress;gn Analysis o | |
The tests carried out‘above:showvtha? thg‘g?avipy modgl, psing
each variable as & separate air:traffic determinant,-;s not an‘gdgquate
descriptive tool.‘ The next_step_in thg:gpalys;s injo;ved the combination
of linear regression liﬁes inpo one-gquatiqn.to explg;n Vapcouvgr's inter;
city air travel. This eéuaﬁioniwasncongtruqted ip@gpépdent of computer
multiple linear regression analysis. The derivation of this linear eque-
tion is agﬂfollowsé
(1) Yc_a -5;5'+ 14{1 X
where: Yec = the intercity eir passenger traffic;

X = the combined population of Metropolitan
Vancouver and each reference city.



MULTIPLE REGRESSION ANALYSIS APPLIED TO SELECTED VARIABLES

TABLE 6
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STD. ERROR
VARIABLE STANDARD | CORRELATION | REGRESSION OF REG, COMPUTED
+ NUMBER MEAN DEVIATION Xvs X COEFFICIENT | COEFFICIENT| T VALUE
X 2.56399 1.83890 -0.15705 - 473484 3.08354 | -1.53552
2 0.46799| -0.35322 0.11469 : 24,'.‘85763 R0.47755 | - 1.21389
3 572.44397 | T01.55615 0.37418 .| - 0.00687 0.00621 | -1.10539
4 72487976 | 324.80230 0.43055 0.00831 0.00655. 1.26764
5 273;85192 625.86340 0.57475 0.01079 0.00484 2.22578
Dependent | 11. 38798 1 9.89441
Intercept- eevsesseiatinineiieioiiie 6. 84616
Multiple Correlation «ceececccssesss 0.75333
Standard Error of Estimate .ceeceees 7.31317
ANALYSIS OF VARIANCE FOR THE REGRESSION
| DEGREES SUM
SOURCE OF VARIATION OF FREEDOM | OF SQUARES MEAN_ SQUARES | F VALUE
Attributebls to Regression 5 1333.42090 | 266.68414 | 4.98638
Deviation from Regression 19 1016.16736 53.48249
Total csseseven s .-‘o-oooc,.uooo 24 2}49'58838
TABLE OF RESTDUALS .
CASE NO. Y VALUE Y ESTIMATE RESIDUAL
1 0.00000 6.84616 -6.84616
SOURCE: Multiple Regression Analysis carried out by I.B.lM. Computer 704i4.



the*inﬁercity‘line~price.betWeen,Metropolitan
Vancouver and each reference city.

I

wheret - Y

(3) Ye=13.2 - 0.7 2

where: Z = the intercity line time between Metropolitan
Vancouver and each reference city.

Equations (1), (2) end‘(3).ase_eacb related to intercity air traffic (Ye).
Equation (4) is formulated by adding these equations together (that is, (1)
+ (2) +(3) = (4)) (aee Appendix H)

(4) Ye = 6.4-+ 4.7 X - 0. 07 Y - 0 2 Z. _
Table 5 shows the results ef these,ccmputations. Equstion (l) more adee
quately explains the nature ef long distance traffic than any of the
previous construcps. lt also'eppears to apply«toxmcst of“the air traffic
destined to suchimedium distance-centres:as Port.Hardy, Terrace;Kitimat,

Castlegar, Kelowna and Sandspit.

B;. Computerized: Rgsearch
tiple Linear RegressionvAnalvsis

As a further step 1n estimating the elasticity, gultiple llnear
regression regression iechcigges'we;e'qsed to test the importance of the
selected varisbles in explainicg Vancoﬁﬁer's intercity air traffic;ﬂ lsis
analysis was performed onan I B M. 7044 computer. The results of this
analysis are shown in Table 6 B iph_ o _i .

The datea in. Table 7 shows the relative significance of the selected
variables as established by computer analysis. The coefficients of cor—
relation range fram 0.12 for 1nterclty line price to O 58 for destlnation
population. These ecoefficients of correlation a?e excessively low to give

them credence as being strong air traffic indicators.’ When the determinants
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were considered together by means of multlnle regression analysis, a
multiple correlatlon coefficient of Q. 76 was_esteblished. Even a multiple

correlation coefficient of 0.76 1s small for -multiple regression analysis.

TABLE 7

THE RELATIVE SIGNIFICANCE . OF THE SELECTED VARIABLES AS DETERMINED BY

MQLTIPLE REGRESSION ANALYSIS ON I.B.M.'S 2944 COMPUTER

VARTABLE ‘ . _ COEFFICIENT OF CORRELATION
1 Time ~ 0.16
2 Price ‘ 0.12
3 Linear Air Distance 0.37
4. Origin Population 0.43
5" "Destination Population 0. 5
Multiple Correlation 0. 76

SOURCE: From Table 6 on Page 58.

According to gconqmic theory, the a;aéticity of travel demand for air
traffic with respect to its priée and its travel time should'be negative.
Thet is, an inecrease in pr:ce or an 1ncrease in travel time should produce
“a reduction in travel demand The mp;tiple ?egression analysis showed that
this postulatiqn waS»appligable to Vancquver° As the_elgstici@y-of these
variables is not dqgsideredlig thg light_of cyanges in_cgsts and trgvel
time for other travel modes, its reliabiliﬁy is.not high,

The multiple regressiqn apalysislshoyed that the variab}es.selected
for study, provide a reasonable explagatiop of the air»praﬁf;c pattern at
Vancouver with due reggrd_to thg ;imi?ations igposed uponhthe input datsa.

These limitations of the model are discussed in Chapter VI,



C. Research on Future Application of the Model
On the basis of the model postulated.  in Chapter IV, a forecast of |

1970, 1975 and 1980vintercity air traffic could be made. Thevforecaets
for these years assume cbanges in the selected variables for each time
period. Other assumptions will_have-to be made regarding significgnt
potential changes.in trensportatiqn teehpqlogy‘such as the introduction
of jumbo jet eerviee_(in 1976),>sppe;sonic aircraft (by 1975), and down%
town sﬁerthhéul airport facilities for vertical take off and landing
(V.T.0.L.) services (by 1980)49

It is anticipated that by 1970 the jumbo Jets or "Boelng big-capacity
747 jets“, will be.gsedlgg avfew long distenee routes. These aireraft are
expected to carry app;oximgtely %90 pessengers so thet with increased load
capacities, the 1ntercity air pr1ces should be reduced accordlngly. The
inception of the Boeing 747 will have the greatest impact, then, on the
price_variable of_the mqqelf_ I@s»cruiging'speed wi;l be approximately
630 m.p.h._so that its impact on the intercity travel time variable will

By 1975 supersonic jets will be flying betwaen long distance cities,
at least betweeg those_thet‘haye }g;ge Wg}er bodies separating tpem. The
supersopie-aircreft! trave};ing_et 1,§§§»g.p,hf,will‘obyieusly haye the
greatest influence on the.igtereity»t?ejel t;qeuyg:iab}eL(see ?able 8),
This aircraft isla 1qng_die§anee vepture. .Ihe:superepnics do not :each.-
their max1mum cruiaing speed in distances under 700 miles50° This, thep;
rules out & supersonic flight, for example, between Vancouver and Celgary.
The sﬁpersonic aireraft will elsq'ﬁevevegvimpaet»eg the intercity price
varieble. By theAdate of their inception, there will be a fare»differential

between supersonic and subsonie jet transports.' Boeing's Marketing Research
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Manager, Robin K. Little, estimates that the direct operating cost of the

supersonic jet will be 0.2¢ per seat higher than the jumbo jet (Boeing 747)51.

- TABLE 8
INTERCITY TRAVEL TIMES, ‘1966, (0 AND BETWEEN

VANCOUVER AND SELECTED POINTS

1966 1970 1975 |
REFERENCE CITY FLYING TIME | FLYING TIME | FLYING TIME INTERCITY
(Hours) (Hours) (Hours) AIR DISTANCE

: (2) (b) (Miles)
Toronto 41 3:4 1.2 | 2,116
Winnipeg 2.5 1.9 0.6 1,179
Montreal . 5.3 3.7 1.3 2,348
Ottawa - 6.3 3.7 - 1.3 2,348
Saskatoon - 3.5 1.3 0.4 797
London 6.1 3.5 1.3 2,205

(2) The_elapsed time computation assumes that the 630 m.p.h. Boeing 747
= aireraft fly the route. The time computed also assumes that the route
has non stop service.’ ’
(b) The elapsed time computation assumes that the 1, 800 m.p.h. Boeing
supersonic aircraft fly the route. The tlme computed also assumes
that the route has non step. service.

Boeihg is placing substantial gonfidence in its 747’aircraft #s a
forerunner to the supersonic: especially ig the area of costs not directly
related to thg flying of the supersonig transport. The two planes are both
heavier and much larger than any passenger‘aircraft flying today. This
means that airports will have to expand extensively to handle these air;
craft. For example, loading facil;ties will hgve to be rearranged and
passengers rerouted and<bgggage handling»facilities redesigned completely52.
Boeing hopes to maximize the efficiency of terminal operations, and, there;

fore, reduce terminal costs.


http://will.be
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By 1980 Metropolitanuforgnto‘P;ans tp havg e downtown "Transportation
Centre" to accomplish‘an integration qf its regional transportation system
with its local system. gs pa;t Qf this T:ansport Centre, a downtown S.T.0.L.
port is planned so ﬁhat certain planes can take off in midtown, and, thus,
eliminate the city centre to airport trip53°

Canadair, designers and manufacturers of the QL;SA VeTe0oLe are_confi;
dent that their V.T.OGL.fs and_S;T.O.L.Fs will be in operation as intereity
transport carriers ip'abqut’sgven year354. The GL;SA can tzke off and land
vertiecally, and.in_s$§a§gy§lfiightlhgs a top cruiging speed of 330 m.p.h.
This type of technologiqgl a@vancement bas particu}ar significance for the
short distance air routgg (seg Tagle ?)3 *Its greatest impact will be on the
time variable, as interciﬁy‘traygl price probably will not be reduced sub;
stentially. The provision of downtown Vs.T.“o;Lv. ports in Canade's major
clties will have a monumental influencg‘on‘the transportation infrastruc;
ture in our metropolitan regions._ quever,Athese interesting qonjgctures,
and potential rea;it§es qf_198§,”rggarding downtown S.T.O.L. ports, cannot
be pursued here in any more detailf ' |

The air travel forecagter algo should cgpsidgr new deyelopments in the
competing modes of transport. For example, high speed, Canadian Natlonal
trains are, and will prove to be'a successful means of‘moyipg a large_number
of people betwgen'two traffic.centres gt aﬂreasqnable prige,‘within an air
competitive time intervel. This is presently the gituati?p in the "Montreal;
Toronte Transportation Gorridor"55. »Automated highways and pressurized tube
train travels6 are tgghqolggicél congide:gtipps whiqp_glsomshog}d concern
the long range-ai;_trgvel_fq;eca;terf Hoveyer,v;nbtpgsé s;tugtion§? the
assumption Af constant_elasticity'wqglé be“of'@pgbtful va1;dity,'and the

model would produce misleading results. For example, a large change in
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air time would certainly have the effect of reducing the elasticity.

TABLE 9

INTERCITY TRAVEL TIME 5 AND 1980 BETWEEN VANCOUVER
. AND SELECTED POINTS

INTERCITY 1966 1980

REFERENCE CITY ATIR DISTANCE . FLYING TIME FLYING TIME
(Miles) (Hours) (Hours)

(a)
Calgary ‘ LT4 1.1 1.4
Edmonton-- 524, 1.3 1.6
Victoria . 47 0.4 0.2
Prince George 326 1.9 1.0
Port Hardy 223 1.3 0.7
Powell River 95 0.8 0.3
Kelowna , 179 1.0 0.5
Sandspit 468 2.3 1.4
0.8 0.3

Comox 96

(a) The elapsed time computation assumes that 330 m.p.h. Canadair CL-84
V.T.0.L. aircraft fly the route. The time computed also assumes that
the route has non stop service.

Thig chapter has outlined tbe basig method of research. The main
techniques utiliged are the gravity modgl and pnltiple~?egression analysis.
By using these tools of analysis in an iterative manner, alrelationship
has been established between air traffic_and the selected variables: popu;
latiqn, intércity linear distance,_intgrcity ling p;ice,_and intereity line
time. The validity of phisirelationghip is affected by cgnstraints in
space, in time, and in data. These constraints will be considered in
Chapter VI. A ‘ "

The relationship establlshed appears to have forecagt app;icability

on certain intereity routes. The validity of the model as a predictive
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device will be dependent on technological changes in the air iransportation

industry, and also on the éompetitive capacity of other modes of travel.
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CHAPTER VI

APPRATSALS AND CONCLUSIONS -~ RECOMMENDATIONS FOR FURTHER STUDY
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A. Appraisal of Methodology

(a) Selection of Study Variables and Cities
The basic problem with studies in the airline industry centres

around the fact that historical data is anaslyzed for & number of years and
then projections are made aséuming that these past relationships will con;
tinue into the future. Few df the studies attempt to assign weights to
the factors that influence airline traffic to a given degree at a certain
point on the time continuum.

.Therefore, for theipurpose of'establishing a forecasting base, it
should be assumed that growth and change of air travel pgtterns will be
determined by factors which changg.over time. On a miero level, the list
of factors is long and ineludes such determinants as psychology of the
mass market, quality and safety of air travel compared to alternatives,
level of the G.N.P., income, wealth and_so on. However, on the macro
level, it is assumed that the most significant determinants of interecity
air travel are the total population of interacting cities, the line travel
price, the lihe't;me, and the air distance between these two cities. Table
7 shows the relative_signifibance to be allotted to each of these air
traffic determinents. |

The measure selected as the dgpendgnt varigble is the number of one
way air trips for business or non bgginess purposes for a selected city
pair. Although several considerations entered into the sélection of the
sample sets of city pairs for analysis, first and foremost was the avail;
ebility of data. Chosen fqr analysis were Vancouver's 25 prime traffic
centres. This data is available from the Air Transport Boarﬁ for 196557.

However, while the available data for air travel, atiributes the traffic



to the 1argervcities in Canada,‘some of the traffic may‘originate or
terminate in the surrounding rural hlnterlands of these cities58

All @raffic centres in the-study are_Served by alternative modes of
transport. This'will be important_to future investigatorc who may fiod
this study useful 1n»examining_population, price, andctime elasticities
for all modes of tremsport. For this reason, it is fortunste that the 25
traffic cenrree are served by air transport end at least one other ccm;
petitive common carrier. o . .

The sample- contains the maJor cltles 1n Canada which will be 51gni-
ficantlyAipfluepcedlby>qaaor‘technc;cgical changes:in.the.eir transpor—
tetion industry. FPFurthermore the bclk of the_Canadian popu;ation ic '
included within the selected sample. As well, it contairrs cities of
varied sizes as well as cities lccéted at various distences frog each
other. For example, the study conﬁains 9 shor@»distance traffic centres
(up to 300 miles apart); é medium’distance centres (366 ; 866 miles
apart); and, 7 long distance centres (800 miles and over)

An equally important crlterion in the selection of a base 1s that
it must be possible to"deecrlbe and pro;ec#lits be81c scciofeconcmic acd
transport characterisxic85 ‘The mecrOpo;itan regioc is_chosen since data
is available whichvcorresponﬁs cloeely to thevfraffic generatiné areas
(hinterlands) served by the given air terminal;

(b) Selection of Grax;tz Model Agproac

The gravity model Ti— flczl was subgected to the iterative
o %y )

process 1n thls the81s. That is, the above construct was tested in
various forms to see 1f-1t could be used to describe the nature of inter-

city air travel. Tables 2, 3 and / show the results of these adaptations
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to the distance oriented gravity model.  The modifications include the
use of line haul price and line haul time.

Some of the limitations placed on the usefulness of the gravity model
were recognized, and, therefore, an effort was made to modify it so as to
enhance its benef;cial qualitieé,f However, the limitation of time available
precludes further iterative stgdy. There is the implied assumption that
the traffic pairs a?e_“homogenous“, ie. comparable in every respect. How;
ever, it is soon realized that there are dissimilarities between traffic
communities. An attempt should be made to aeccount for these differences
in their traffic potential. Accordingly, a functional classification of
city'mﬁrkets'is,needed in Canada to help determine the traffic generation
qualities of each city‘typesg.

The population data used in the formula is taken from federally defined
demographic areas which may not necessarily coincide with the traffic
generation bdundaries for a particular eity region. In fact, it is plaus;
ible that these traffic boundaries will fluctuate according to the existing
competitive transportation facilities, the geog;aphicdl location of the
clties and_thgin:airports. The formula does not aeccount for these micro
attributes of the eity population. Accordingly, it is impbrtant to
designate zones of traffic generation, either on an arbitrary basis by
means of sampling transportation users to determine their "true" origins
and destinationséo.

The formula or any of its adaptations do not compensate for varying
degrees of public acceptance that might be associated with an individual
airline's reputation and period of established service. It was assumed

that the services of Air Canada, Canadian Pacific Airlines, and Pacific

Western Airlines are well known and are reputable.



(c) Selection of Linear Multiple Regression Technigue

Regression analysis finds the "best" équation relating a de;
pendent variable (Yec) to any number of independen£ variables (Xli- Xy een
seoe ang Pictorally, regression finds a plane passing closest to a
clustr;:of points in space (a point ieva "Y value" corresponding to a
pair of "X; and 12 values") A formula based on past data is computed.
From this, process predlctlons of new Yc values can be obtained from glven
Xl and X, values (see Table 10) Multiple regression analysis prov1des"Q
quentitative confidence meesure for the cloeeness of fit of the felation;
ship and the yalidity'of the relationshignes'a predictive device.

For a yariety of reasons multiple reg:ession analysis.is useful in
this thesis. The ;easops-for-using the technique can be summarized as
follows: (1) to summarize large quantities of data;k(z) to find an ap;
proximate relationship between the variables; (3) to find an underl;}ing
law; (4) to predict new or future ‘occurrences; (5) to estlmate the relative
strength of the contributing factors of a relationship, and, (6) to project
on the basis of the semplev;nput data.rl

Using I.B.M.'s programme for use on the I.B.M. 7644, a multiple re;
gression analysis was run fo: the fivelindepegdegt»Yariables and the one
dependent yariable. The correlationslfor each seberate variable afe shown
in Table 6. The multiple linear regression coefficient for all of the
variables interacted simultaneously is 0.76.

~ Due to the fact that the relationshlp es postulated only accounts
for 76% of the intercity alr travel, two gelp problems must be_attacked.
One concerns thevachievemenp of a%higher ooefficientlof mgitiple correlation
through the inelusion in the regression analysis of some of the factors not

ineluded for consideration in the thesis, or through the use of better



TABLE 10

72

PREDICTED INTERCITY AIR TRAFFIC USING MULTIPLE REGRESSION ANALYSIS

ACTUAL

PREDICTED
INTERCITY INTERCITY %
REFERENCE CITY ATIR TRAFFIC AIR TRAFFIC RESIDUAL | DIFFERENCE
(Y Value) (Y Estimate) :

1 Toronto, Ont. 37.9 30.4 7.5 21,1

2 Celgary, Alta. 31.4 16.4 15.0 48.7

3 Edmonton, Alta. 28.9 15.9 13.0 45.1

4 Victoria, B. C. 4.1 4.7 9.4 37.5

5 Winnipeg, Man. 18.7 16.6 © 2.1 11.1

6 Montreal, Que. , 17.1 28.0 ~10.9 64.9

7 Prince George, B.C. 15.2 11.5 3.7 26.7

8 Prince Rupert, B.C. 13.8 8.3 5.5 4R2.8

9 Port Hardy, B.C. - 12.7 12.6 0.1 0.8

10 Powell River, B.C. 10.1 11.4 ~ 1.3 10.1
11 Terrace-Kitimat, B.C. 8.3 9.4 - 1.1 12.5
12 Castleg&r’ BOCO . 705 609 ‘ 0.6 705
13 Kelowna, B.C. 7.3 12.4 ~ 5.1 7.4
1/ Sandspit, B.C. 7.0 9.3 ~ 2.3 28.5
15 Ottawa, Ont. 5.9 . 8.5 ~ 2.6 50.2
16 Regina, Sask, 5.9 10.2 = 43 66.2
17 Penticton, B.C. 5.8 12.4 ~ 6.6 116.6
18 Saskatoon, Sask. 4.0 7.8 ~ 3.8 96.2
19 Campbell River, B.C. 4.0 1.4 - Tdh 175.0
20 Fort St. John, B.C. 3.9 6.4 - 2.5 4.2
21 Cranbrook, B.C. 3.7 3.5 - 0.2 - 5.0
22 Kamloops, B.C. 3.6 1.3 -~ 8.7 225.0
23 Whitehorse, Yukon 3.4 5.2 . ~1,8 55.3
2/, Comox, B.C. 2.6 11.4 -~ 8.8 300.0
109 1-9 0 O Ooo

25 London, Ont.

SOURCE: Multiple Regression Analysis-earried out by I.B.M. Computer 7044.

A ﬁéésures of some of the factors that have been used. As an example of the

latter, better measures of the intercity time variable, to include ground -

~ travel time, undoubtedly would enhance the usefulness of the time factor.

The other problem concerns lowering of the standard deviation of .

| iﬁiercity traffic. It.isﬂapparenﬁ that -cities with the same populétioh -

and economic function do not néceésarily.behave in & similar menner with
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respect to traffic generation: Perhaps a breakdown of the cities into
traffic generating cells would reducg\the‘standgrd deviations to:a point
where regression equations could bevreiiébly used to predict traffic (see
footnotes 3 and.é).

In order to reduce this variability between the actuel traffic level
and the computed traffic‘level values, the process of constrained regression
could be applied to the va;iables. In constrained regression, the mini;
mization process is subjegted to a-set of constraints whicﬂ limi? the amount
of variebility of the estimates that can be used in minimizing the sum of
squares. If properly specified'constraints are used, a more useful model

for predictive purposes will result.

B. Yalidity of Method

In this section two pertipent~éue§tion§ can be-posed: (1) how good
or reliable, is the straight'line fit?; énd, (2) how much confidence should
be placed upon & prediqjionmusing_the sfraight:line'fit? |

An overall appraisal of the equation's fit to the_data‘indicates a
relatively high degree of goodness qf_fit (rho‘; é;?é). However, the
result must be viewed with extremecau_lti_onf Although the eguation fits
reasonably well for 76%- of the traffic occurrences, there is a great deal
of residual variability presemt.in thg:data (see Table 10). It is clear
that the five variables do not explain all of the varizbility in intercity
air travel. For example, the time and price~;ariab;es ipcorporate several
components, yet only the line haul portion of the total time and total
price compongnt is conside?ed. It is intuitively plausible that the dif;

ferent components of the time varieble, for example, have different degrees

of influence on air demand. The equation does not attempt to measure any

totes,
N 7
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differences in weight to be attached to local travel time, to terminal
delay time, or to line hsul time.

In using the formila to forecast thg effect of major technological
- changes, consideration should be given to the essumption of constant
elasticity. A large change in air travel price orlair trave; time will

undoubtedly result in a change in the elasticity. Reductions in travel

price or travel time can be expected to reduce the elasticity.

C. Yalidity of the Hypothesis
(2) Review of the Hypothesis

In Chapter I, it is stated that an understending of the nature
of present and future air traffic_enables the transportation planner to
foresee the future'spatial structureland its ggneral relationship to the
intercity transport network. The asirport's role as a major generator of
transportrmovgménts'is often overlooked or underestimated by plenners. A
comparisoh can be drawn between airports.and other terminals, guch as

those used for intercit& rail operations. In_the same manner that these

S

Y

terminals have influenced urban dgyelopment in thglpast, the girport is

and can be.expected tq»do 50 tp a gregter &egfee invthe futu:e. Bgfore

the iméact of the airport oq‘the regional p:ban st;ugture_cggAbg ascer;
tained, it is necessary tq establish the positiop apd function of the gir;
port within the regional @ransportatiqn infrastructure, In order to deter;
mine the airport{s position iglq rggion,‘it is necessary tq know the pre%
sent and futur¢ travel movements emangting from iﬁ}an@ ﬁgrminating at it.
Therefore, in order t§ determige_the ;elgtive significance of selectgd
factors upon Vaneouver's intereity air travei, a hypothesis was formulated.

INTERCITY AIR PASSENGER TRAFFIC IS INFLUENCED BY FOUR MAJOR



75
FACTORS: POPULATION, INTERCITY AIR DISTANCE, INTERCITY
LINE TIME, AND INTERCITY LINE PRICE. THIS SET OF INDE-
PENDENT VARTABLES CAN BE POSTULATED IN A MATHEMATICAL
MODEL TO ADEQUATELY DESCRIBE AND FORECAST LEVELS OF
INTERCITY AIR PASSENGER TRAFFIC,

A desgriptidn and review of air traffic forecasting methods is carried
out in Chépter II. Five methods are outlined including: the market analysis
approach, the national income method, the city analysis technique, the
econometric model, and the gravity model technique. The gravity model
technique is selected for emphasis.. Chapter II pres§nﬁs a brief history
of the evolution of the gravity model as a device to predict traffiec. It
has¢been shown histgrically that the gravity model is a wvalid predictive
device for use in forecasting the gross traffic movements between two urban
centres. | |

Chapter IIT is devote@ to a discussion.of thg sigﬁificance'ofvthe gravity
model to air traffic prediction. As generall& conceived, the gravity model
relates the-influence of &fban pgpulation end ;nterurban distance to inter;
city air traffic_movements._ This Fraditiénal-theory of gravitational_
interactance has»been modified. by a number of gir tranqurtatiop researchers.
Multiple regres%ibn»analysis is the primary method of investigaiion in each
of these sﬁudies, The variables used. in the hypothesls have been shown to
have validity in some United States cities. . |

In Chapter IV linear regression analysis is used to obtain the rela;
tive significence of.each variable as an air trgffic determinant. The »
validity for inclusion df a varieble as =z factor in air traffic ggneration
is determined by the-coeffiéiént of correlatiqn for that yariable. The
coefficients of correlation fqr the-selected:vgriables ranged frog Of76

to 0.85. This tends to indicate that the selected variables are valid

components of the relationship.
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Chaptér V outlines the basic methcd of research used. - The main
techniques used include the gravity model andkthg maltiple regression
analysis technique. By using thesé tools of analysis in an iterative
manper,‘several valid relationships have been established between air
traffic and the selected variebles. However, while these relationships
are considered$ﬁo be intuitively plausible, their validity is affected
by constraints placed upon them in time, in space, and in data. From
these relationships certain geneyal;zatiogs.are possible. Conclusions
from these generalizations are discussed in the next sectioﬁ.

(b) Conclusions,

Gravity ﬁodels are useful in examinigg the relationship between
demographic factors, transpbrt factors, and iptercity air passenger traffic.
On the basis of regression analysis most gf the selected}fgctors investi;
gated‘are related to air passenger traffic. »For example, intereity air
traffic is positively correlafed‘With population (rho = 6.85) and with
intercity line time (rho = 0».77) .

Diétance proved to.be avvariablylim?ortgnt fgctor% It appears to
influence ;ir traffic in a definitg manner according to the population of
the city. It is less of a resistive factqr for travel invqlving large
cities. Smalier cities exhibit more travei inhibiting fricticn (see
Table 10).

The time factor is an 1mportant con51deratlon in, .some cases, In
'partlcular, dlfferences 1n time resultlng from dlfferent types of equip—
ment may influence a travel;ervs_degisiqnf The apparent frlcpion effect
of distance for travel among smgllgr»qities‘may only rgflgct the fact
that slower aircraft are used to serve these small communities. It is

possible that thehinﬁroduction of short haul jet aircraft will eliminate



this difference.

It was thought that if intercity line time instead of distance was

used in the fi_Zi equafion, the deterring effect of intermediate stops

443 _
might be accounted for. However, Tables 2 and 3 do not conclusively
indicate that this is the case. The use of total time in the formula
might prove to be more meaningful than intercity line time.

Because of the straight line relationship between traffic and the
selectedAfactors, it seéméd plausible that the resulting regression equa-
tion-could-be used as a predictive_formula to forecast intercity air
traffic. This proved, however, to be feasible only in certain cases,
such as air travel amqng-la;ger pOpulatiog centres. |

In many cases the standard deviations are low, and, thus, predictions
are reasonably accurate (see Table 10). For example, when annual predicted
traffic is within 20 percent of actual annual tfaffic, it is.accepted as
8 good projection. .H0wever, the relationships established here leave much

of the air traffic variability unexplained. Consequently, areas for

further study are suggested in the concluding portion of this thesis.

| D, Recommendations for Further Study

As well as the inadequacieswpf the baéic information necessary for a
complete study of intercity air transport demand and its variations over
time, definitive information éhould be obtained'relating to the purpose
of air travel. Air Qanada and.the Canadian Ngtional Railways are currently
conducting a_joint survey to e;tablish trip purp;ses in the "Montreal;
Toronto Transportation Corridor, -

Date regarding the local travel time portion of intercity air trips
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(perticularly travel times to and from the air terminals) and terminal
delay times alsq need to be extensively investigated. This necessitates
a detailed study of the time and price variables in order to determine
whether the components of time and price contribute equally to air travel
demand. It is possible, for example, that a reduetion of 15 to 30 minutes
in transportation time to or from the terminal is more important in its
impact on air travel than a reduction of an hour in line haul time.
Similarly, the price of getting to and from termingls may be relatively
more influential in the travel decision than*the‘actual intereity price.
Further study, then, should be carried out to detérmine the appropriate
weights to be attached,td“theivarious components of a trip.

The forecasts presented in this’thesis are based on algingle set of

assumptions with‘respect to future quelopments in the airftransportation
industry. It would be béneficial to coﬁduct'furthér studies to determine
the sensitivify'of the forecasts to alternative assumptions and projections
" with respect to the selected variables. »

Within the scope of theAabove gengpal limitations and problgms, a
series of direct recommendations for further investigation have been
formulatéd. |

1. Micro studies-shouldvbe_gondugted in gAnumber of Capédign metro;
politan regions to obtain'avcopplete appr;ciation‘of mgtropolitan travel
habits. These studies would gonsider lopal poigt§“or.origination and
destination, purposes of air~trave1,_complete trave; times.gndvprices;
and the relationshipvbetweep choice qf que and pricevand nglity ofv
transﬁortation services (ie. timg, transfer‘requirements, comférﬁ, pres-

tige and location of terminal faciIities)él.

2. Further analyses -should be underteken to test the response of
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estimated air travel volumes'to a wide range of alternative assumptions
(simulation model) with respect to the selected variables. It should be
noted that the forecésts obtained- from the relationships esteblished here
are conditional. That is, they depend upon certain assumed values being
gseigned to the variables to determine the forecast air traffic flows.

It is clear that these statements about the cgusal variables are them;
selves-conditional and subject tp uncertginty. If these underlying time
and price relationshipsnwere modified (seekiablesjs and 9), it would be
useful to determine their impact on air trav;i demand.

- 3. Fuarther dgta should be collected regarding_the separetion of
service ciasses (egonomy, first class, tourist, red, white and blue fares,
end 80 on) by common carrier. This shquld»be dohe'foriall common carriers
so that direet intermodal comparisons could Se made with travel prices.

4. Further analysig should be'performed on the regiduals of the
regreééion estimate;. During the course of this thesis, it was not pos;
sible to analyze the residuals of the regression anglysisf Further ex;l
amination of these residgals mayireveal non%linearities which may improve
the forecasting abillty of the relationship.

5.- A study should be conducted to determine the 1mpact that fast
intereity rail services_hgve-on.air travel demand. _This survey is not
crucial presently at Vanéouver.- It would.bg‘rorg rglevantly applied to
the high denS1ty Wﬁontreal—Toronto Transportation Corridor“ Where the
Canadlan National Reilways is 1ntroducing frequent non stop "Turbo-Trains"
in July, 1967. '

6. Some authorities»beligveAthgt the new Transportatiqg-Cqmmissiop»
for Canada will provide us with an operativg’Fedgrg}.$r§nspor§g§igg Po}iqy.

This policy should include national objectives to guide the development of
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the va:ious modes within an integrated network, where each mode will
utilize its inherent advant;ées; The Policy undoubtedly will elter the
ellocation of the service areas for each means of transport. It would
be beneficial;to determine the relative position (threshold) regionally
of each‘mode-within this integrated trangportation”network.

7. This study has briefly analyzed the transpért-variables of price
~ and time which influence t@e-level of air traffic at Vancouver. Furthér
research should be-conducted to establish the importance-of the difference
between air fare and the cost of competitive surface tranqurtation. In
other words, when will peqplerpay more to travgl.by air? Perhaps only:
when the time and inconveniénce-of‘a-trip by surface tqgnsportaﬁionbexagts
a.greater‘price fromAﬁhe_traveller than the difference i; fares. This
suggests a relationship betwgen theﬂprice of;travel by two cqmpetitivg
carriers comp&red~with the differenqe.in theiriintgrcityftraVEl times.

8. Further studiés'shOuld'be"conducted to‘determinqlthe varietion _
in intercity air travel betweehicitieg performing»different-service'func;»
tions (Le..marketing,-manufggturing,’inst;tutional>62. -

9. The;ultimgte-objeqtiVe'of $tudents'o£ transpoq;atidn plgnn;ng
should be @? deveIopna”gpmpute;imodfl of the-ngtiqnfswﬁggﬁsportatiop
system. Ideally, one. would thén-beféble»tb feed the computer, data,
regarding economic, dgggg:apbic, gn@lspatia; characteristics~of cities,
operating costs of equipment, intercipy traye; tim§s‘by mgde, in‘order
to obtain information goncerning predicted';ntepcity'g;r»?rgffigf typel
of equipment needed,fschedules, and othgrvpertingnt'Qupputﬂinfqrmgtiqn.
The formula for predicting intercity air traffic; then, would form qne-

of the. many subroutines of the computer-model.
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FOOTNOTES

Canada, Air Transport Board, Airline Passenger Origin and Destination
Statlstics - Domest:.c Report (Ottawa: The Board, 1965), p. 84.

For & micro study of the industry, thevexéct origin and destination
of each passenger could be obtained from airline ticket and reservation
information.

Canada to the best of my knowledge does not have a classification of
its cities according to their function. Chauncy Harris classifies
United States cities as follows: Manufacturing, Retall, Diversified,

- Wholeésale, Transportation, Mining, University, Resort and Governmental.

Source: Chauncy Harris, "A Punctional Classification of Cities in
the United States“, Geographical Review, XXXIIT,; 1942, p. 88.. A more
recent service classification of cities in the Unlted ‘States Has been
prepared by Howard Nelson. Howard J,. Nelson, "A Service Classification
of Americen Cities", Economi¢ Geogravhy, XXXI, July, 1955, p. 189. A
similar urban classiflcation should be prepared for Canadien cities.
Dr. T. Heaver of the Commerce Department Unlvers1ty of British
Columbia, is: currently conducting & micro study of this type at
Vancouver. He has divided-the Metropolitan Vancouver region into
e number of cells in order to determine the air travel propensity
for each of these cellular structures.

See footnote #h4e

Sge footnote #3.
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(1) 2. (x) x2 XY
REFERENCE CITY AIR TRAFFIC PRICE '
(Thousands) ($100's)
‘1 Toronto 37.9 1,436:4 11| 1.2 4.7
- 2. Celgary 31.4 985.9 «3 o1 9.4
3 Edmonten =~~~ 28.9 829.2 o3 o1 8.5
4 Victorie 24.1 580.8 o1 .01 2.4
.5 Winnipeg 18.7 349.7 6 b 11.2.
6 Montresl 17.1 292.4 1.2 1.4 20.5
7 Prince George 15.2 230.0 ol ) 6.1
-8 Prince Rupert 13.8 190.4 ol ol 5.5
9 Port Hardy 12.7 163.3 3 1 3.8
10 Powell River 10.1 102.0 o1 .01 1.0
11 Terrace-Kitimat 8.3 68.9 ol 0R" 2.5
12 Castlegar 7.5 56.3 2 <04 1.5
13 KelOWna 793 5,3-3 02 004 ;105
14 Sandspit 7.0 49.0 o .2 2.8
15 Regina 5.9 34.8 .6 ob 3.5
16 Penticton 5.8 33.6 o2 <04 1.2
17 Ottawa 5.7 '32.5 1.2 1. 6.8
18 Fort St. John - 4.0 '16.0 5 o3 2.0
19 Saskatoon 3.9 15.2 .6 ol 2.3
20 Campbell River 3.8 14.4 i .01 A
21 Kamloops 3.7 13.7 o2 04 o7
22 Cranbrook 3.6 12.7 -3 A ° 1a
23 Whitehorse 3.4 11_.;6 .8 .7 2.7
2/, Comox 2.6 T4, .1 0l 03
25 London 1.9 3.6 1.1 1.2 2.1
% $12 $x @ |&xp
_=284:3 | T 5,583.1 | _F11.7 | < 9.0 | = 141.5
Y = 1104 ‘ X = 005 -
éxy =éXY - XéY b :g_g = ~0.7 =<0.2
© = 141:5 - 0.5 x 284.3 £ 4
= =~ 0.7 X
_ =Y ~bX
$x2 =832 - TSx - = 11.4 - (-0.2 x 0.5)
= 9.0 = 0.5 x 11.7 = 11.4 - (-0.1)
= 9.0 - 5.6 = 11.4 + 0.1
= 3.4 =il
Sy =$1? _TEY Ye=a+bX -
=5583l-—ll4x2843 = 11.5 + (<0.2)X
= Ye =11.5 - 0.2
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X Y Ye e?
.CITY - PRICE ATR TRAFFIC
($ - Hundreds) (Thousands)
1 Toronto 1.1 37.9 11.3 127.7
2 Csalgary o3 31.4 11.4 129.7
3 Edmonton o3 28.9 11.4 129.7
- 4 Victoria ol 2.1 11.5 132.3
5 Winnipeg .6 18.7 11.4 129.7
6 Montreal 1.2 17.1 11.3 127.7
7 Prince George ol 15.2 11.4 129.7
8 Prince Rupert ody 13.8 11.4 129.7
9 Port Hardy .3 12.7 11.4 129.7
10 Powell River W1 10.1 11.5 132.3
11 Terrace-Kitimat A 8.3 11.2 129.7
12 Castlegar Y 7.5 11.5 132.3
13 Kelowna R 7.3 11.5 132.3
1/ Sendspit o 7.0 11.4 129.7
15 Ottawa 6 5.9 11.4 129.7
16 Regina 2 5.8 11.5 132.3
17 Penticton C 1.2 5.7 11.3 127.7
18 Saskatoon 5 4.0 11.4 129.7
19 Campbell River .6 39 1.4 129.7
20 Fort St. John 1 3.8 11.5 132.3
21 Cranbrook .2 3.7 11.5 132.3
22 Kamloops o3 3.6 11.4 129.7
23 Whitehorse 8 3.4 11.3 127.7
24 Comox .1 2.6 11.5 - 132.3
25 London 1.1 1.9 11.3 127.7
3%
= 2'25503
r = [3,255.3 = [0.583 = 0.76
5,583.1
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(1) ¥R (X) x? XY
REFERENGE-CITY ATIR TRAFFIC TIME
(Thousands) (Hours)
1 Toronto 37.9 1,436.4 Ll 16.8-| 155.4
2 Calgary 31.Z 985.9 1.1 1.2 345
3 Edmonton 28.9 829.2 1.3 17|  37.7
4 Victoria 2441 580.8 0.4 0:2 9.6
5 Winnipeg 18.7 349.7 2.5 6.3 46.8
6 Montreal ' 17.1 292.4 5.3 28.1 90.6
7 Prince George 15.2 230.0 1.9 3.6 28.9
8 Prince Rupert 13.8 190.2 2.5 6.3 245
9 Port Hardy 12.7 163.3 1.3 1.7 16.5
10 Powell River --10.1 102.0 0.8 - 0.6 8.1
11 Terrace-Kitimat 8.3 68.9 2.3 5.3 19.1
12 Castlegar 7.5 56.3 2.0 4.0 . 15.0
13 Kelowna- 7.3 535! 1.0 1.0 7.3
14 Sandspit 7.0 49.0 2.3 5.3 16.1
15 Ottawa 5.9 32.5 6.3 39.7 37.2
16 Regina 5.8 34.8 3.1 9:6 18.0
17 Penticton 5.7 33.6 1.0 1.0 5.7
18 ©Saskatoon. 4.0 15.2 3.5 12.3 14.0
19 Campbell River 3.9 14.4 0.8 0.6 3.1
. 20 PFort St. John 3.8 16.0 3.2 10.2 12,2
21 Cranbrook 3.7 12.7 3.0 9.0 11:1
22 Kamloops 3.6 13.7 1.0 1.0 3.6
23 Whitehorse 3.4 11.6 6.5 42.3 | 21.1
24 Comox 2.6 T4 0.8 ~0:6 2.1
25 London 1 09 3 06 6. 1 37'021 L. ]:10 6
$v £32 x| [§&2 {XY
LT 2843 | =5,583.1 | _=63.1 | = 245.6 | 7 649.8
T = 11.2 X = 2,5 T
Sxy ST -F2Y - b= $xy = =60:8 = =0.7
2 649.8 - 2.5 x 284. {2 87.8.
I - 6008 _x‘ .
o a=Y-®X -
$xR=&xR-%x8x - = 11.4 = (=0.7 x 2.5)
= 245.6 - 2.5 x 63.1 = 11:4 - (<1.8)
= 87.8 = I1.4 + 1.8
€32 :éyg. -YS8Y -
= 5,583.1 - 11.4 x 284.3 Ye = a % bX -
= 2,346.1 © = 13.2 + (=0.7)X
Ye =13.2 - 0.7X




\ 3,297.1

5,583.1

-

\

]
o‘ .
¢ - .

0.591

X 1 Te TP
CITY TIME ATIR TRAFFIC
(Bours) (Thousands)
1 Toronto 4ol 37.9 10.3 106.1
2 Calgary 1.1 31.4 12.5 156.3
3 Edmonton .30 | 28,9 12.3 151.3
4 Victoria 0.4 241 12.9 166:4.
5 Winnipeg 2.5 ' 18.7 11.4 129.9
6 Montreal 5.3 17.1 9.5 90.1
7 Prince George 1.9 15. 11.9 141.6
8 Prince Rupert 2.5 13.8 - 11.4 -129.9
9 Port Hardy 1.3 12,7 12:1 146.4
10 Powell River 0:8 10.1 12.8 164.0
11 Terrace-Kitimat 2.3 8.3 11.6 134:6
12 Castlegar 2.0 7.5 11.8 139.2
13 Kelowna 1.0 7.3 12.5 156.3
14 Sandspit 2.3 7.0 11.6 134.6
15 Ottawe: 6.3 5.9 8.8 YT
16 Regina 3.1 5.8 11.0 121.0
17 Penticton 1.0¢ 5.7 12.5 156.3
18 Saskatoon 3.5 4.0 10.7 114.5
19 Campbell River 0:8 3.9 12.8 164.}0
20 Fort St. John | 3.2 3.8 11.0 121.0
21 Cranbrook 3.0 3.7 11.1 123.2
22 Kamloops 1.0 3.6 12.5 156.3
23 Whitehorse 6.5 34 8.6 74.0
24 Comox 0.8 2.6 12.8 164.0
25 London 6.1 1.9 8.9 79.3
S
= 3,297.1
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‘ (1) 12 (%) X2 XY
REFERENCE CITY | AIR TRAFFIC | DISTANCE
- (Thousands) (Miles ~ 100's)
1 New York City 5L 2,601 5.7 32.5 290.7
'2 Chicago 36 1,296 2.5 6.3 90.08
*3 Miami 14 '196 9.5 90.3| 133,0
/4 Cleveland 12 144 2.2 48 26.4
.5 Detroit 11 121 2.4 - 5.8 26,4,
.6 Washington 10 100 4.0 16.0 40.0
7 Los Angeles -9 - 81 18.9 357.2 170.1
.8 Boston - 8 6/ 7.48 54.8 59.2
"9 Pittsburg 8 64, '2.66 6.8 20.8
10 Philadelphie 8 64, 5.0 25.0 40.0
11 St. Louis 7 49 3.18 9.6 F21.7
12 Atlanta 7 49 3.7 13.7 25.9
13 Tampa =~ 6 36 7.8 60.8 46.8
1/ San Francisco- 6 36 20.49 416.6.]  122.4
15 Louisville 5 25 0.9 0.8 45
16 Kansas City 3 9 544 29.2 16.2
17 Dallas 3 9 8.1 65.6 24.3
18 Charleston 3 .9 1.6 2.5 48
19 Minneapolis 3 9 6.1 37.2 18.3
20 Nashville 3 ) 2.4 5.8 7.2
21 New Orleans 2 4 7.1 50.4 14.2
22 Indienspolis 2 4 1.0 1.0 2.0
23 Milwaukee - 2 4| . 3.2 10.2 6ud
24 Hartford 2 4 6.5 42.3 13.0
25 Columbus 2 4 1.0 1.0 - 2.0
$r-22 |62 | §x- 100 |2 {xy )
Y - 900 = 4,992 X = 408 = 1,357.7 :‘1914103
{xy QXI X8y b=$xy - _66:1 =0.1
= 1,141.3 - 4.8 x 22 4 78L.2,
= gbd \ELOT
a=Y-b -
<x2 = €x2;.. X<x- = 9.0 - 0.1 x 4.8
= 1,357.7 = 4.8 x 120.,1 a< 8¢5
= 781.2 : o
_— Yc = &+ bX
{y?: SY?"-"T{Y Tc = 8.5 + O.
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(Y) (X) XY

REFERENCE CITY AIR TRAFFIC POPULATION

- (Thousands) (Millions)
1 New, York City 51 10.5 3| 535.5
2 Chicago 36 6.2 2 | T233.2
3 Miami 14 0.9 0.8 12.6
4 Cleveland 12 1.8 . 3.2 1.6
5 Detroit - 11 3.8 14:4 41.8
6 Washington : 10 0.8 ‘0.6 8.0
7 Los Angeles: 9 6.7 4hs9 6.1
8 Boston 8 2.6 6.8 20.8
9 Pittsburg 8 2.4 5.8 19.2
10 Philadelphia 8 3.6 12.9 28.8
11 8t, Louis 7 1.6 " 2.6 11.2
12 Ottawa 7 1.0 1.0 7.0
13 .Tampa 6 0.7 055 Lol
1/ San Franeisco 6 2.8 7.6 16.8-
15 Louisville 5 ; 0.6 0.4 3.0
16 Kansas City 3 9 0.7 0.5 2.1
17 Dallas 3 9 1.1 1.2 3.6
18 Charleston 3 9 0.3 0.1 0.9
19 Minneapolis 3 9 1.5 2.3 45
20 Nashville 3 9 0.4 0.2 1.2
21 New Orleens 2 4 0.9 0.8 1.8
22 Indianapolis 2 4 0.7 0.5 1.4
23 Milwaukee 2 4 1.2 - l.4 R4
24 Hartford 2 4 0.5 0.3 1.0
25 Columbus C R 4 , 0.7 0.5 1.4

{z =224 3x = 54.0 {xy

Y = 9.0 X 2 2.2 989.1

= 989%1 - 2.2}X 22ﬁ

= 492.8

552

Wy B

269.2
1501

2

&

NN

i

i

&2 -¥<x

FE3 ¢
- 44992
2§226}0

- 9.0 x 224

X

Y- .
900 - 3'3 X 2.2
17 R
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!

: X Y Te Ye? | Y-Ye
CITY POPULATION | AIR TRAFFIC :
(Miliions) | (Thousands)
1 New York City 10.5 51 36 1,296 15
2.Chicego 6.2 36 22 484 14
3 Miami 0.9 14 5 25 9
4 Cleveland 1.8 12 8 64 4
5 Detroit 3.8 11 24 576 - 13
6 Washington 0.8 . 10 L 16 -6
7 Log Angeles 6.7 9 24 576 w15
8 Boston’ 2.6 8 10 100 - 2
9 Pittéburg .4 8 16 100 - 2
10. Philadelphia 3.6 8 1 196 - 6
11 8t. Louis 1.6 7 7 49
12 Atlanta 1.0 7 5 25 2
13 Tampa 0.7 6 4 16 2
14-San Francisco 2.8 6 11 121 - 5
15 Louisville 0.6 5. 4 16 -1
16 Kansas City 0.7 3 4 16 - 1
17 Dallas 1.1 3 - 5 25 - 2
. 18 Cherleston 0.3 3 3 9 o
.19 Mimmeapolis 1.5 3 -7 49 - 4
7+ 20 Nashville 0.4 3 3 9 -
21 New Orleans 0.9 A 5 25 - 3
22 Indianapolis 0.7 2 pA 16 - 2
23 Milwaukee 1.2 2 6 36 - 4
24, Hartford 0.5 2 3 9 -1
25 Columbus 0.7 2 4 16 - 2
éYcz :
= 3 Ig 62
rz | Y2 . [3.82 = /.95 = 0.8
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(Base City -- Vancouver
-~ 884,000 population) )
REFERENCE CITY 1966 METRO POPULATION ACTUAL 1965 AIR TRAFFIC
‘ in Thousands (a) in Thousands (b}
1 Toronto . 2,145 37.9
2 Calgary , 328 31.4
3 Edmonton - 399 28.9
4 Victoria ' 172 241
5 Winnipeg : 505 18.7
6 Montreal , 2,419 17.1
7 Prince George 24 15.2
8. Prince Rupert 14 13.8
9 Port Hardy 1 12.7
10 Powell River 12 10.1
11 Terrace-Kitimat 18 8.3
12 Castlegar 3 7.5
13 Kelowns 17 7.3
14 Sandspit ‘19 7.0
15 Ottawa - 489 5.9
16 Regina 131 549
17 Penticton , , : 15 5.8
18 Saskatoon 115 4.0
19 Campbell River 8 4.0
20 Fort St. John 7 3.9
21 Cranbrook 8 3.7
22 Kamloops 11 3.6
23 Whitehorse 4 3:4
24, Comox ' '3 2.6
25 London 207 1.9

(2) SOURCE: D.B.S,, 1966, L RV
(v) SOURCE: Air Transport Board, Airline Passenger Origin and Destination.
Stetistics, "Domestic Report, 1965.
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DISTRIBUTION OF LABOUR FORCE AND BUSINESS TRIPS PER EMPLOYEE

BY INDUSTRY CATEGORY 1950 ARD 1960

'PERCENT OF TOTAL NUMBER OF

INDUSTRY CATEGORY LABOUR FORCE BUSINESS TRIPS
: | PER EMPLOYEE

1950 1960 ’
Wholesale and Retail 18.90% ~19.01% 1.78
Professional Services 8,68 12.21 1.7
Business Services. 0.65 1.23 1.63
Government Services 4.53 5.17 1.11
Transportation, Communication - S

and Utilities 8.00 7.19 1.10
Mining - 1.68 1.65 1.07
Subtotal seeeecsccccoscscessce |4R.44% 45.86%
Construction 6.22 6.15 0.92
Finance and Insurance 3.45 4e35 0.87
Manufacturing (except Printing o ‘
and Publishing) 24.86 26.39 0.57
Repair Services 1.71 1.37 0.56
Amusement and Recreation 0.88 0.81 0.48
Printing and Publishing 1.55 1.84 0.45
Agriculture, Forestry and Fishing 12,65 7.01 0.20
Personal Services 6.24 6.22 0,17
Subtotal csiececcererciccrcnas | 57:56% 54.14%

‘Weighted Average: 1950 cevenee 059375 1960 evoeess 1.004.

- SOURCE: Computed from data reported in the 1960 survey of the Survey
Research Centre, University of Michigan, Ann Arbor.
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RATL COMPETITION PROVIDED BY CANADIAN NATIONAL RAILWAYS
AND- GANADIAN. PACIFIC RAILWAY BETWEEN VANCOUVER

AND SELECTED POINTS (May 1, 1967)

DATLY NUMBER|AVERAGE DAILY C.N. G.P.R. ELAPSED
OF TRAINS NUMBER % FARE FARE TINE
DEPARTING TO|OF PASSENGERS | (in Hours)
(a) (b) (e)
Edmonton 3 $18.00 | $21.00 22
Calgary 2 S 21.00 25
Saskatoon 3 23.00 28
Regina 2 25.00 28,50 31
Winnipeg 5 29.00 34.00 38
Toronto 5 48.00 | 52,50 | .. 67 -
Montreal 5 50.00 55.00 70

* It is not possible to obtain the actual number of passengers

entraining at Vancouver for each of the selected destinatiop points., -
However, both C.N. and C.P. Railways are able to provide the
approximate total number of persons boarding eastbound trains at
Vancouver seasonally as follows:

| - CN. | C.P.Re | TOTAL
Winter 150 - 300 75 = 125 225 = 425

Summer 400 - 500 275 - 325 675 - 825

The C.N. fare used is the White Fare in effect in May and June, 1967.
The C.P.R. fare used is that in effect in May, 1967.

The elapsed travel times are obtained from the public C.N. and C.P.R.
passenger time-tables effective on April 30, 1967.
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Derivation of Equation

Ye = 6.4 + 4-7X - 0,07 - 0,22



DERIVATION OF EQUATION Y = 6.4 + 4.7X - 0.07Y ~ 0:22

BY MEANS OF STMULTANEQOUS EQUATIONS

W Te

n

llf5 - 07_21'

(2) TYe
3) To
Total. .o: . o’; 3Yc

n

19.2 + 14.1X - 0.2Y - 0.72

19.2 + 141X ~ 0.2Y - 0.72
3

6.4 + 4. TK = 0.07TT - 0:2Z

Ye

n

1

Therefore, equation

(4) Yo = buh * ATK = 0.07Y = 0.22
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