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Efficient transportation planning by both public and private 

agencies requires an estimate of future travel demands. These 

estimates are dependent upon both the transportation system com­

ponents and the socia-economic variables in a region. The basic 

problem in transportation planning is to convert existing transport­

ation system data and socio-economic data into future travel de­

mands. This type of plaIlliing requires a logical planning frame­

work and a rigourous and consistent modelling technique. 

In a developmental situation, the airplane is a most desirable 

mode of travel because of its independence of expensive surface 

routes. Air travel demand for short haul trips is highly dependent 

upon airport location and accessibility. Before implementing any 

changes in airport location, the planners must be able to evaluate 

the consequences of various alternatives. 

This thesis describes the criteria involved in airport in­

vestment planning and outlines a logical framework for regional 

airport location pl:uming. The mathematical modell~g technique 

used in this framework is based on linear graph theory. The model 



and framework is intended to aid the planner in deriving traffic con­

sequences in relation to specific investments in the Newfoundland air 

network. 

'The systematic analysis of the regional airport location problem 

provides for a thorough understanding of the role of transportation in 

stimulating future public and private investments. 
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CHAPTER 1 

INTRODUCTION 

In the dynamic environment which accompanies a develop-

ing region a statement of transportation investment requirements 

is essential in order to make maximum use of a limited available 

capital. The scope of the Canadian planning problems in economic 

terms indicates that annually over twenty percent of the Gross 

National Product has been attributed to transportation (1) 1, Can-

ada's economic and social well being is dependent on transportation. 

In fact. Owen (2) points out that the Canadian people are the most 

mobile (on a per capita basis) in the world, 

The importance of air transportation to the social and eco-

nomic life of a region stems from its dual nature as an economic 

resource and as a productive entity. As an economic resource it 

makes possible other social and economic developments to occur at 

separate locations. As a productive entity, which competes in the 

markets for resources, it generates a large and rapidly rising flow 

Nun:bcrs in parenthesis refer to references at the end of this thesis. 



of incomes on its own account . In its resource role, air transport­

ation increases the efficiency with which both human and material 

resources are used. 

The unique contribution of air transportation is speed. Speed 

makes it possible to accomplish more in a given period of time than 

could otherwise be done , and speed makes it possible to do things 

that otherwise could not be done at all. 

Many forecasts of demand, especially of air travel, have 

proven to be inaccurate. In some cases this has resulted in lost 

revenues due to inadequate or inconvenient facilities (eg. Toronto 

International Airport). In other cases it has resulted in opportunity 

costs by providing a facility in which the designed capacity is never 

reached (eg. Gander International Airport). 

The primary purpose of this study wa s to develop a methodo­

logy in regional airport planning in order to overcome the above 

deficiencies. It is intended that this methodology be a logical series 

of component analysis that can be applied to any regional airport 

system. 

The first portion of this study discusses in general terms the 

criteria for airport investment. It emphasizes those variables which 

have specific application to the Newfoundland situation. The next 

section discusses the framework and indicates how it is applied to 

Newfoundland. The mathematical model, based on linear graph 



theory, demonstrates its applicability to simulating physical systems 

of this type. 

'fhe results of the models calibration are compared with act­

ual origin destination statistics. Changes were then made in the sys­

tem components and the new travel volumes were then calculated. It 

was also demonstrated how an increase or decrease in the relative 

economic standing of a city affects the' travel demand model. 



CHAPTER 2 

CRITERIA FOR AIRPOHT INVESTMENT 

2. I AIRLINE TRAFFIC THENDS 

In approaching the airport investment problem it is useful 

to begin by considering two rather different ways in whieh the air­

plane can be used. Its primary use is a relatively high speed, low 

cost scheduled common carrier. However, it also has potential in 

developmental situations where its independence of surface routes 

is its most significant characteristic. The first two of these 

characteristics have contributed heavily to the very rapid growth in 

world-wide scheduled air carrier movements of passengers and 

commodities in recent years (4). 

The development of aircraft with substantially lower operating 

costs, coupled with increasing inter-airline competition on major 

domestic and international routes has led to a decline in average 

fares. Presently, average airline fares per passenger-mile are 

roughly one-half to one-third of the vehicle-mile cost of the typical 

American automobile (3). This relatively low cost which can com­

pete favourably with other modes of travel is one of the major factors 



'. 

in this rapid growth in commercial airline traffic. 

With this growth in traffic has come two problems related to 

each other and to the problem of airport investment in a developed 

urban economy: air traffic congctltion and airport noise . This noise 

constitutes a cost to most of those persons who perceive it on the 

ground. For the most part, however, compensation has not been 

paid, and the costs have not been charged to those using the air­

planes. The lower fares are, at least in part, the result of letting 

the major cost of this noise pollution to fall on the general public 

and remain external to the air transportation industry. It must be 

remembered, however, that these large high-performance jet air­

craft are the result of the increase in demand for air travel and 

not the cause of it. 

2.2 APPLICATION TO ECONOMIC DEVELOPMENT 

Besides its ability to carry large numbers of persons at 

high spced and relatively low cost, the substantial independence of 

the airplane from ground facilities holds potential for its use in 

regional an·d national economic development. A wide variety of 

small modern aircraft have the capability of operating from short 

grass or dirt runways, or use floats or skiis for operating on water 

or snow. Although as a transportation vehicle the airplane is an 

expensive mode of carrying heavy or bulky cargo, its independence 



of surface routes frequently makes it the most economical trans­

portation system in undeveloped regions. 

This is of particular importance in the Province of New­

foundland for a number of reasons: 

1. The Island. The fact that part of the Province is 

an island places air travel in a more favourable 

position than other modes of travel with respect 

to mainland connections. 

2. Labrador. Although part of the mainland, Lab-

rador can be considered to be an island as it is 

not cormected to the mainland by road. This 

situation will probably exist far beyond the pre­

sent planning horizon. 

3. Provincial location. No matter what transport­

ation developments occur in the future, New­

foundland will always be about a thousand miles 

from the economic heart of Canada. 

4. The economic situation. The low economic stand-

ing of Newfoundland with respect to the rest of 

Canada places prime importance on the fact that 

aircraft are independent of expensive ground 

routes which would unnecessarily tie up invest­

ment capital. 



The linking together of isolated communities is of prime im­

portance in Newfoundland for both social and political reasons. One 

need only look at a Provincial road map to see the unacceptable 

isolation that still exists. At present the airplane and helicopter are 

the best and most economical vehicles to fulfill governmental and 

health services in these isolated communities. 

2. 3 AIRPORT INVESTMENT OBJECTIVES 

In the early stages of the development of aviation needs cri­

teria led to few, if any real economic distortions. Newfoundland 

was on the transatlantic air map to fulfill a service function as a 

refueling station and a defense function as an air force base. These 

needs resulted in the construction of five major airports in New­

foundbnd: 

1. Gander; 

2. Torbay; 

3, Stephenville; 

4. Argentia; 

5. Goose Bay. 

As aviation technology advanced and economic development 

promoted, more air services were demanded and four service air­

ports were constructed: 

1. Deer Lake (Corner Brook); 

I. 



2. St. Anthony (Grenfell Mission); 

3. Churchill Falls (construction); 

4. Wahush (mining). 

Other social requirements (i. e. health, welfare, recreation, 

etc. ) resulted in the construction of many small grass or dirt air 

strips and sea plane bases. This left Newfoundland with fifty-two 

airports (fig. 2.1) which is far more than could be considered ade­

quate. In fact M. W. S. Eagles of Air Canada (5) stated that when 

considering the area and population, there are far more airports in 

Newfoundland than in any other comparable area in North America. 

With the development of long range jet aircraft in the late 

fifties, it no longer became necessary to use Newfoundland as a 

refueling station for transatlantic flights. Defense needs changed 

as well with the use of long range missiles. This development has 

all but rendered the airplane as an obsolete method of defense. The 

problem now is how to make the best use of the existing airports to 

further economic and social development. 

The basic objective in the developmental situation in New­

foundland is to maximize the rate of growth of per capita in come. 

Implementation of this objective requires a criterion which searches 

for the sequence of investments which will yield the highest per 

capita growth rate. In selecting investments to maximize the growth 

rate, one must evaluate the effect of each investment on the pace of 



Figure 2.1 Existing Airports in Newfoundland (20) 



economic development. The best investment is not the one with the 

highest marginal productivity, but the one which stimulates the 

maximum subsequent investments. 

The gains and costs of improving or providing for further 

air transportation facilities must be compared with thc othcr trans­

portation and communications available. The conclusion which this 

implies for airport investments in a developing region are largely 

negative. Airport investment to promote development should not be 

undertaken unless it can be definitely demonstrated that the invest­

ment will lead to a sequence of larger future investments than will 

other use of the resources. It is felt that not many airports will 

pass this test. 

The above basic developmental objective, when considered 

in the context of airport investment can be evaluated under the 

following specific objectives: 

1. Economic efficiency objectives; 

2. Economic development objectives; 

3. Social development objectives; 

4. Level of Service objectives. 

2.3.1 ECONOMIC EFFICIENCY OBJECTIVES 

Economic efficiency will be obta:ined when the difference 

between the design capacity and the actual passenger and aircraft 



utilization of the facility is small. Inefficiency of an nirport will be 

encountered in one of three ways: 

1. The airport may have inadequate capacity in the 

sense that costly queing delays build up during 

busy periods of the day. 

2. It may be inadequate in the technical sense that it 

fails to comply with minimum requirements - for 

example, in runway length or strength, etc. - of 

the aircraft to be operated on it. 

3. It may be inefficient in the sense that the design 

capacity is never (or rarely) reached. This leads 

to lost opportunity costs in that the capital in­

vested in an oversized airport could have been 

used on another project with a higher economic 

return. 

It appears that most of Newfoundland! s airport inefficiencies 

are of the third type. In order to minimize these inefficiencies it 

is necessary to determine existing and future passenger and freight 

demands. ·It is felt that the methodology and mathematical modelling 

outlined in the following chapters will enable the optimal planning of 

airport investments to meet these demands. 

Once these demands are determined, primary and secondary 

routes can be designated and appropriate technology specified for 



both the passenger and freight demands . Determining the required 

service and investment for these demands is of primary importance 

in order to choose the best alternative of all transportation and 

communication investment schemes. 

At present, there is no airport in Newfoundland that has a 

problem of too many aircraft movements to make it deficient in 

capacity. However , Deer Lake is deficient in runway configuration 

and in air terminal space. Before any investment in additional 

capacity at Deer Lake is made, one must be able to determine the 

resulting air traffic patterns and an estimate of future demand . 

Further, if the Deer Lake Airport were brought up to an acceptable 

D. O. T. standard for regularly scheduled aircraft, how would this 

affect the utility of the Stephenville Airport? Would it be economically 

advantageous to make Deer Lake the major airport for the West 

Coast and to phase out Stephenville? Should both airports continue 

to serve the area? 

Another area of interest is the underutilization of Gander 

Airport. Should Gander continue its efforts to stay on the trans­

atlantic air way, or should Torbay try to fulfill this function? 

These capacity problems can be considered using the mathematical 

model developed in Chapter 4. 



2.3.2 ECONOMIC DEVELOPMENT OBJECTIVES 

In undertaking investments to further either regional or 

national economic development, the objective is typically one of 

maximizing the growth in per capita output. A true developmental 

airport is one in which the increased accessibility, made available 

by the airport, is expected to stimulate a chain of developments 

lJ. 

with either regional or national significance. These may be character­

ized by the Canadian Department of Transport as lldevelopmcnt ll air­

ports, which are "those for which scheduled services arc not nec­

essarily foreseen, but the establishment of which would contribute 

greatly or be essential to the exploitation of natural resources" (4). 

For example, Wabush and Churchill Falls in their initial stages. 

Investment of this type can require extremely complex and 

largely unprovcn criteria. In these cases, one may be much less 

interested in the conventionally defined "net benefit" of the airport 

investment itself than in the chain of development investments which 

the airport investment sets in motion. However, it must be demon­

strated in advance that these subsequent investments will follow 

and that they will economically justify the initial investment. 

Airpol'ts to promote economic development may be required 

to satisfy the following criteria: 

1. Provide access to natural resources - for ex­

ample, mineral (Wabush, Buchans, etc.) and 



recreational (hunting, tuna fishing, etc.). 

2. Provide access to markets - for example, the 

delivery of fresh fish and lobster to the prime 

markets of Canada (Toronto, Montreal, etc . ). 

3. Provide for the trans-shipment and distribution of 

raw materials, perishable goods, mail, etc. 

Any or all of the above may be requircd under planned economic 

developmcnt. It must be remembered, howcver, that a transportation 

facility by itself will develop nothing. There must already ex~st 

other social and economic pressures :in the environment that will 

beneficially influence new investment when the airport is put :into an 

area. If these pressures are non-existent, then investment will be 

required into other sectors of the economy as well as the airport 

facility. 

2. 3.3 SOCIAL DEVELOPMENT OBJECTIVES 

A potential impact of airport investment which i s probably 

not adequately measured by the willingness-to-pay of direct users 

is the social impact of more closely relating communities together 

by reducing travel time among them. The linking together of 

isolated communities is predominately a factor in developing 

economics and l'egions. The role of breaking down the isolation 

that stems from inaccessibility is a broad social and political function. 



Airports provided in this type of situation may be characterized by 

what the Canadian Department of Transport has called "remote area" 

airports. These are " small airstrips essential to the maintenance 

of administrative or health services in isolated communities where 

other transportation is infrequent, unreliable or non-existent" (4). 

Development situations of this type will require airport in­

vestment analysis of only a rather trivial type. Once the higher 

level decision has been made to provide a community with air 

transportation, one needs only to minimize the combined cost of 

the required airport and corresponding aircraft technology. Small 

aircraft capable of operating with either floats or skiis woul d pro­

bably be the most economical in the Newfoundland situation. Heli­

copters could be used during the freeze-thaw periods of the year on 

a stand..:by or emergency basis. 

Equally important with this type of service would require in ­

vestment into an adequate communication system which could co­

ordinate flights so that a community would know when to expect 

flights. It would a l so be necessa r y in cases of medical emergencies 

and weather reports. 

2.3.4 LEVEL OF SERVICE OBJECTIVES 

In any actual investment d ecision, the decision group will 

tYPically have several objectives in mind which they attempt to 

15. 
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realize simultaneously. Some of these arc legitimate economic ob­

jectives and Gome arc not, But even those objectives which are not 

strictly economic will frequently be important to some persons in the 

investment decision group and will thus affect the decision. If a good 

decision is to be made, it is essential that all objectives and values 

affecting it be identified and made as explicit as possible. 

One major objective. particularly for investment decision in 

a metropolitan axea, is the minimization or reduction of airport 

noise. At the subsonic speeds of the present turbine airplanes noise 

is a problem only in terminal areas where aircraft are approaching 

or departing airports and are operating at relatively low altitudes. 

The noise constitutes a technological e),.'ternal cost. It is techno­

logical in that it affects either utility or production function of activ­

ities in the airport vicinity, and it is external in that it is realized 

neither by the airlines nor the airport operator. 

It is frequently impossible to control land use around air­

ports. In many cases controls on land development have been non­

existent or totally inadequate. Even where control has been possible, 

it has often- been by-passed in favour of land development and specula­

tion. 

Some progress has been made at the airplane, but these gains 

have been expensive and small in magnitude compared with the pro­

blem. 



Thus, at least at present, the airport noise problem is 

effectively without a technological, planning, or economic solution. 

At the same time the problem grows worse as traffic volume and the 

number of aircraft operations increase. It appears that the noise 

problem constitutes a serious block to the development of additional 

airport capacity in a metropolitan area. 

17. 

In the technical sense, the cost of airport noise is incommen-

surablc with other economic values of airport development . It i s 

possible to measure the noise effects of alternative investment pro­

posals and to relate the measured noise levels to probable reactions 

of persons engaged in avarious activities (8). But as in the value of 

time problem, we lack a well defined cost function relating noise 

levels to dollar values which may then be added to other investment 

costs arid compared with the expected economic gains of the in­

vestment. 

The problems of airport noise in Newfoundland are , at 

present, minimal, if not non-existent . It is felt that in the fore­

seeable future there will not be a significant incr ease in the pro­

blem of noise pollution. However, there may be a decrease in 

the allowable tolerance level of a community, which is impossible 

to predict. With this probable increase in public aversion to 

airport noise, it is clearly necessary to include it as a separate 

term in the investment objective function. The weight which noise 



will be given in the objective function will undoubtedly vary with 

persons in the decision group, In a developing economy, this noise 

function should be considered to be of negligible importance. How­

ever, it is strongly recommended that the Government enforce some 

appropriate zoning legislation in the vicinity of all existing airports 

in the hope that the problem will not be aggravated by hodge-podge 

development. 

Estimating the value of passenger time saved is a rather 

different matter. The crocept of a delay is not uniquely defined; 

but for present purposes we will define a delay as the difference 

between scheduled and actual arrival time of the aircraft . The 

value of delay to the passenger lies in the use to which it can be 

put and this in turn depends on the actual options available for 

using the time. A delay of 15 - 30 minutes may be of little import­

ance to some people and of great importance to others. 

It may be of little importance to a person at one time and 

of great importance to him at another. Little is known about air 

passenger I s delay-cost function when it is viewed in terms of lost 

opportunities. It is probably at or close to zero for delays of a 

few minutes. rising rapidly and then possibly flattening out again 

for very large delays. But all that one can say in general terms 

is that delay cost functions for individual passengers are non-linear 

and vary substantially for different passengers and at different times 

18. 
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for the same passenger. Further, the passenger, his employer, and 

his wife may place quite different valuations on particular delays. 

Any aircraft delays in Newfoundland are usually attributed to 

bad weather conditions and not to deficient airport capacity. Any in­

vestment to upgrade an airport in Newfoundland to all weather landing 

capacity must be economically justified with the gains made by a de­

crease :in aircraft operating costs, in passenger time saved and in 

inconvenience .. 

Access benefits may be defined as the difference in time and 

other access costs for the geographic distribution of air transport­

ation service with and without the proposed investments, summed 

over an future users of the service, The concern here is with the 

net access benefits which result from an airport investment, and 

not the benefits resulting from investment in improved access modes. 

Revenue gains will result from the reaction of passengers 

and shippers to decreases in access costs. The primary revenue 

benefit to the airlines will come from new traffic which has been 

induced by the lower access costs and times. 

There are a number of potential cost impacts from airport 

investments which change air transportation service patterns. In 

analyzing them it is useful to make a distinction between an air­

port investment which adds a new service point. and an invest­

ment which adds capacity at an existing service point. 



20. 

In the first case onc must analyze both changes in travel times 

and distances and changes in average waiting times. When an airport 

is placed in a region which has had no direct service before, pass­

engers have the choice of using the closer airport with relatively few 

schedules or a larger, more remote airport with higher schedule 

frequency. If the frequency of schedules is significantly different be­

tween the two airports. average waiting time may be large enough to 

offset gains in access times. Therefore. in evaluating the access 

advantages of a new service point, one must not overlook the po­

tentially lower schedule frequency and increase in average waiting 

times. 

In the second case, if the airport is to be placed in a terminal 

area to supplement existing airport capacity, the problem is a 

more general one of the optimum location of the additional capacity. 

As mentioned previously, the second case does not apply in New­

foundland. 

Thus, in evaluating any solution of the West Coast Airports, 

one must consider that two airports will have a longer average 

waiting time and a lower frequency of aircraft movements at both 

airports. If only one airport serves the region, there will be 

shorter average waiting times and higher frequencies, but there 

will also be greater access costs to some areas. However, if Deer 

Lake were chosen to be the airport to serve the region, the largest 



percentage of the users (those in Corner Brook) would have a lower 

access cost . This problem will be dealt with in greater detail later. 

2.4 IMPACTS OF AIRPORT INVESTMENT 

The income redistributional effects of airport investment 

will usually be measured in terms of changes in regional income, 

per capita income, regional employment, or changes in population. 

Airports are frequently held out to be a major factor in industrial 

location decisions (9). Most studies of the probable economic im­

pact of proposed new airports are grossly incomplete because they 

fail to consider the cost impacts of the expected economic growth 

(3). These would include the increased loads on and cost of a wide 

range of public services and activities, the incident of changes in 

real property costs, the loss of business of competing transportation 

modes, and so forth. 

When income redistributional effects can be traced directly 

to an airport investment, they shoul d be included in the total invest­

ment analysis . 

It should also be determined before the investmcnt is made, 

whether or not airport investment is the most efficient way of 

achieving income redistribution. It is felt that this would not be 

the most cfficient means in Newfoundland. 

A second impact, not totally dissociatcd from the first, is 

21. 
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the impact of an airport investment on the pattern of community growth. 

These impacts arise from a complex of technological and economic 

external costs and gains generated by the airport. If properly con­

trolled so as to minimize the detrimental affects of noise while ex­

ploiting the economic externalities to achieve community objectives, 

airport investment can be used as a positive force in community develop­

ment. The potential, and need, for such manipulation of airport invest­

ments will increase markedly with the advant of scheduled V/STOL 

operations in metropolitan areas. The important point is to note the 

potential of airport investment for affecting urban development, and 

to urge that this potential be explicitly recognized in airport invest-

ment criteria. 

In Canada, where airports are for the most part Federally 

owned and operated, the government has its own organizational 

objectives of enterprise size and growth. Investment typically in­

creases the size of the airport itself, and with it the size of the 

operating organization. Investme~t in runways, terminal buildings, 

land acquisition, and the like constitute physical, public evidence 

that the airl?0rt operation is becoming increasingly important to the 

economic well-being and stature of the community. As airports 

become "big business" they can justify larger staffs, with higher 

salaries and more prestige at the top of the hierarchy. Airport 

management is not unmindful of this impact of the investment decision. 



However, it must be remembered that airport services arc 

demanded, not as final products, but as services required for the 

production of air transportation. As demand for air transportation 

shifts within a region, it is important not to let previous incorrect 

decisions in airport locations and sizing dictate all future investment 

decisions. 

23. 

If, however, the social viewpoint is partitioned into an "air­

line" and a "community" viewpoint . the decision process is changed 

somewhat. From the airline point of view, the airport investment is 

worthwhile as long as the additional costs the aidioe must pay in 

landing fees and terminal space are less than its gains in operating 

costs and potential additional revenues attracted by the improved 

equipment. Passenger time savings will be largely irrelevant from 

the airline point of view except as it affects demand and gross 

revenues. From the viewpoint of the community, passenger time 

savings will be a real gain, but not one which necessarily affects those 

making the investment decision. Communities have frequently de­

cided to improve airports at general community expense simply to 

"get on the air map'! or to "get on the jet map". A community im-

age value becomes relevant to the decision and places the airlines 

in a strong bargaining position. Since the political decision makers 

must avoid having to publicly acknowledge a "technically inadequate 

airport", the ai.rlines can press the point that the proposed airport 



investment will yield major benefits to the community and not by the 

airlines. So the investment decision is frequently not independent of 

the pricing decision from the airlines viewpoint. 

2.5 SUMMARY 

1. The rapid growth in commercial airline traffic was dis­

cussed with its associated problems in urban areas. 

2. The characteristic of the substantial independence of the 

airplane from ground facilities was related to Newfound­

land! s unique developmental problems. 

3. The needs criteria which led to the development of New­

foundland ' s existing airport system were shown to be no 

longer valid. The present objective of maximizing the 

rate of growth of per capita income was considered in 

the context of specific airport investment objectives. 

24. 

4. The effects of airport investment on community and 

economic growth were presented from both the community 

and airlines point of view. 



CHAPTER 3 

A FRAMEWOHK FOR AIRPORT INVESTMENT 
PLANNING IN NEWFOUNDLAND 

3.1 THE NEWFOUNDLAND PROBLEM 

3, 1, 1 Economic Situ<ltion 

In relation to the rest of the country, the province of New-

foundland is outside the mainstream of Canadian economic life. 

There arc a number of factors that point to Newfoundland's low 

economic 8tandards (14) and these include: 

1. Lower per capita incomes than the Canadian average. 

2. Low net value of production per employee in many in-

dustries. 

3. High reliance of the economy on the primary industries. 

It is important to note that the highest rate of capital 

formation is generally on the secondary manufacturing 

industries (15). 

4. High number of non-Newfoundland industrial ownership, 

This tends to discourage the retention of profits in New-



foundland, further reducing the capital formation nec-

essary. 

3.1.2 Relationship to Regional Goals 

In terms of the total Canadian economy. the Newfoundland 

situation is unacceptable. The problem stated in general terms, is 

how to bring Newfoundland up to the e~isting Canadian economic and 

social standards. Investment in airport planning will not achieve 

this goal. However, efficient airport planning and utilization will 

allow other sectors of the economy to minimize their business and 

goods air transport costs and, in some cases, will make new mar-

ket areas available. 

The Pushie Report (16) recommends the following social and 

economic goals that should be actively pursued and arc closely re­

lated to the broad goals of national policy (17): 

1. A high rate of economic growth. 

2 . Full employment (defined by the Economic Council of 

Canada to be 97% employed) . 

3 . -A. reasonable stability of prices . 

4. A reasonably equitable distribution of rising incomes. 

5 . The achievement of an envi!'onmcnt, both social and 

economic, that will encourage further economic develop­

ment . 
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The Commission (16) recommends specifically that: "Inas­

much as a balance must. be struck between confiicting policies that 

some of these goals could suggest - particularly in the 8h01't term, 

the Commission recommends that particular emphasis should be 

placed on sustaining a high rate of economic gr owth. I. 

In cases of regional development, the public sector must 

supply or stimulate those social or economic forces that are lacking 

in the environment, in order to achieve these goals . This generally 

requires public investment into a number of areas. 

Specific objectives for investment in a developing economy 

have been identified (18) and include : 

1. Maximize efficiency in investment; i. c . maxi mize 

economic returns. 

2 . Hedistribution of incomes and maximization of other 

secondary benefits. 

Transportation investment can be conceptualized as the m id 

point on a scale of influence on attitudes and influence on product­

ivity (Fig. 3.1) and may be seen as a necessary, but not a sufficient 

condition to stimulate economic development (19). In Newfound­

land ' s case, we see that it has an abundance of fairly well distri­

buted airports (Fig. 2.1), but we still do not have optimum utiliz­

ation, nor rapid econ.omic growth . Thus, in general t erms , trans­

portation will develop nothing by itself. 
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3.1.3 Objeetives of Transportation 

A statement of Newfoundland 1 !; transportation needs require 

that terms of reference be established within which the existing sys­

tem can be examined. Since transportation must contribute to reg­

ional goals, thus, the terms of reference should be related to the 

regional goals. Pearson (14) suggests some appropriate transport­

ation objectives: 

1. The transportation system must provide the opportunity 

to stimulate development. This objective within iteslf 

includes -

a) The provision of access to resources. 

b) The provision of access to markets. 

2. The transportation system should provide the private 

sector with the opportunity to achieve economies of 

location in relation to employment, resources and mar-

kets. 

3. The transportation system should provide people with 

the ability to carry out social activities at different 

locations. 

4. The transportation system should provide people with 

the ability to maximize theil' opportunities for employ­

Inent. 

5. A reasonable level of service in terms of the transport-
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ation system should be established. 

6. Investment in the transportation system should maximize 

returns. 

It is felt that these objectives should be pursued actively to 

achieve an efficient and integrated transportation system. The air 

network should be considered as an important component in the total 

transportation system and, as such, should attempt to be compli­

mentary to the other modes, and not merely supplementary, espec­

ially in the developmental situation that exists. 

Newfoundland's unique situation in that it is an island IDea led 

approximately 1000 miles east of the economic heart of Canada, 
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place s the airplane in a very favourable position to compliment the 

road, rail and sea networks. Because of the goal of increasing the 

economic activity of Newfoundland and the impossibility of good road 

and rail connections. and time consuming sea connections to the Main­

land, it is highly desirable that good air transportation links between 

the main centres of the Island and the Mainland exist. To obtain 

quality of service on these air links, t'1e demand for air services 

must be sufficient to warrant the lIse of high performance aircraft 

operating at high service frequencies (21). This requires the con­

centration of air service demand as much as is possible. 
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3.1.4 The Air Networks Hole in Developmcnt 

In a region such a s Newfoundland, where the economy is based 

on the extraction of raw materials and the population distributed so 

sparsely, the role of the air network is relatively clear: 

1. To provide adequate and rcliable passenger transportation 

to and from the major economic centres of Canada. 

2. To provide for trunsportation that is essential to the main­

tenance of administrative or health services in isolated 

communities where other transportation is infrequent, 

reliable or non-existent. 

3. To provide for the accessibility of a regions resources, 

made available by airport location, that is expected to 

stimulate a chain of development with either regional or 

national significance. 

4. To provide the necessary cargo space to obtain rapid 

delivery of perishable foodstuffs and machine parts that 

al'e not available in the region. 

Same day return jet service is available from St. John 1 s 

to Halifax, Montreal and Toronto. Fig. 2. 1 indicates the numerous 

airports located in tile Province and demonstrates the accessibility 

of almost all pOl'tions of Ule region. Air cargo space is readily 

available for both intra and inter-provincial flights and, in fact, is 

under utilized (5). 



'I'hus, all four of these primary roles are, at present, being 

adequately fulfilled in Newfoundland. The only possible exception 

being No.2, as there are still a few small outports which cannot be 

reached at all during a part of the year. It is felt to be unnecessary 

to provide airports in these areas for such a limited usc. It would 

be much more economical to have available, one or two helicopters, 

which could be used only for emergency medical services to these 

areas. 

Once these primary developmental air network roles are ful ­

filled, the airport network is immediately faced with another problem 

- that is underutilization. Once the capital investment has been made 

to provide an ail'poli:, the objectives may change slightly. As a 

region 1 s economy develops, the air travel demand may shift from 

one area to another within the region. When this occurs, the invest­

ment objective of maximizing economic returns should still apply and 

it may become necessary to abandon some airports and build up 

others which were previously not used very much. If an airport 

becomes obsolete in either a technical sense (i, e. outdated equipment, 

physical deterioration of runways, etc. ) or a demand sense (lack of 

demand of passengers, cargo or aircraft). then its operation should 

be terminated. An airport should not be operated as a welfare in­

stitution. However, if the community still requires air service to 

fulfill role two (abovc), investment ill a sea plane base and helipott 



would probably be more economical than continued maintenance of 

runways. The savings made from dccroascd operation and main­

tenance costs could be invested in another fashion which would be 

more beneficial to the area. 

In any existing airport network there is always an efficiency 

objective of maximizing economic returns, which generally means 

to maximize efficient use of existing facilities. Where under­

utilization occurs, investment is generally required, not in the 

transportation sector, but in the social and productive sectors of 

a region. Some Government subsidy changes may make air trans­

portation more competitive, but it is felt that it would not make a 

significant difference in utilization. 

Some examples of investment in productive activity which 

would increase utilization are: 

1. Investment in fresh fish and lobster pounds and depots 

which would have large storage capacity enabling a con­

stant supply to Montreal, Toronto, Boston, etc. 

2. Investment in advertising and promotion of Newfoundland' s 

fish products which currently are only being marketed 

locally, 1. e. cod tongues, smoked caplin, etc. 

3. Investment in tourist areas presently being exploited only 

minilnally, 1. e. Bonne Bay (scenery, fishing, camping. 

etc. in summer and sIding iti winter), tuna fishing in 



Notre Dame Bay and Conception Bay, etc. 

4. Investment in advertising and promotion of these tourist 

areas (see 3 above). 

5. Investment in production and promotion of fUms of New­

foundland 1s culture and history, i. e. Farley Mowat 1s 

writings. 

It is felt that investment in the "above areas would have relatively 

rapid beneficial effects on transportation utilization and on economic 

activity. 

Some examples of investment into social attitudes which should 

increase utilization are: 

1. Investment into educational facilities which would give 

Newfoundlanders a broader view of opportunities and 

potential markets available for their goods and services 

to people in and outside of the Province. 

2. Investment into cultural facilities which would promote 

and preserve Newfoundland1s culture, increase New­

foundlanders 1 appreciation of their own culture and in­

..duce 1'cultural exchange\! with other regions. 

Investment into the above areas would not show any immediate 

result6. However, it is felt that it is necessary in order to create 

a long range attitude towards social communication which should be 

a desirable aspect of Newfoundland's development process. 



Once the decision is made to invest in an area to promote 

development, there is the problem of determining .what facilities 
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are needed and how much capital is required. This requires that one 

can determine the consequences of the investment on the develop­

mental process. The following sect ion outlined a framework for 

planning and evaluating airport investments in Newfoundland . 

3.2 THE FllAMEWORK 

F igure 3.2 attempts to structure the regional airport in­

vestment planning process into a logical framework of inter­

connected analysis . 

3.2 . 1 Airport Investment Objectives 

Before any realistic airport location planning can be done, 

one must identify exactly which objectives have the highest priority. 

The following, in or der of importance, represent the objectives to 

be pursued in planning the air network for Newfoundland (accord­

ing to the author) : 

1. Economic Development 

2. Economic Efficiency 

3. Social Community 

4. L evel of Service Objectives 

These have all been discussed in detail in Chapter 2. It is 
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felt that any future investment for economic development, as dis­

cussed in section 2. 3.2 would be made into an area that al present 

has little or no population. Its purpose would be to give access to a 

naturall'eSQUrce for the exploitation and development by private 

enterprise. For example. some mining or hydro power develop­

ment like Wabush or Churchill Falls . It is felt that the airport in­

vestment should be borne solely by the private enterprise seeking 

the resource. If the project is economically feasible only through 

Government subsidy for an airport, it is felt that the investment 

capital required could give a better return in another development­

al project. 

Level of service objectives, as discussed in section 2. 3.4, 

should be given a high priority only in a relatively well developed 

economy. 

Social community objectives are important in a developing 

region and are at present being reasonably fulfilled. For further 

discussion of this topic, see sections 2.3. 3 and 3. 1. 4. 

Therefore, the basic objective to be pursued in the present 

Newfoundland situation is number 2 - Economic Efficiency. In 

more detail, this means to minimize the sum of the capital and 

operating costs of a regional airport system and the ground trans­

portation costs of passengers, consistent with satisfactory ground 

access times of existing and potential users. 
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3. 2. 2 Constraints 

The planning and evaluating of a system of regional airport 

locations, with respect to the economic efficiency objective, requires 

two distinct phases: 

1. The determination that an urban area should or should 

not have an airport capable of handling high performance 

aircraft. 

2. If the above is affirmative, then there is the problem of 

optimum location with respect to the city. 

Pearson (2G) derives the traffic consequences of urban air­

port location alternatives. The constraints to be considered in this 

second phase are -

1. Capital 

2. Land Use 

3. Existing Airports 

4. Airspace Utilization 

5 . Climate 

6. Noise Lirnitations 

The problem considered in this work is that of the first phase. 

The constraints to be considered are closely associated with the 

above; tile primary constraint being available capital. In order to 

achieve rapid ccononlic development, one has to plan the use of avail­

able capital in such a way as to maximize the rate of increase of per 



capita production and income. It is unlikely that further investment 

ill new airport locations will make optimum usc of the minimal avail­

able capital for development. However, there are m::my political and 

social problems involved because airports, of the type considered 

here, arc a Federal responsibility. Therefore, money destined for 

airport expansion cannot be taken and reallocated Provincially, 

Basically, the constraints involved for this study are the 

following : 

1. Capital 

2 . Political 

3, Physical 

4 . Existing Airports 

5. Climate 

They arc listed in order of importance. In the near future 

an airport located in a relatively foggy area will be equipped with 

all weather landing devices. Existing airport investment is actually 

a book value and should not play too large a role in future invest­

ment. The physical constraint refers to existing topographical and 

soil conditions. 

3.2.3 Review of Existing Data 

Population 

The population of Newfoundland is approximately 495, 000. 
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Of these, 4li5, 000 live on the Island of Newfoundland and 30,000 live 

in Labrador (22). 

T he population distribution is summari\!:ed in Figure 3.3 , 

T he enclosed areas on the overlay represent the most con­

centrated areas of population and labour force, The remainder of 

the Island r s population is generally sparsely distributed along the 

coastline, Table 3, 1 summarizes the population and employment 

data into six regions which are served by regularly scheduled air 

services, Although St, Anthony is served by bi-weekly flights, it 

has been omitted here for three reasons : 

1. Less than 300 passenger trips were recorded between 

June 1969 and June 1970 (24) , 

2. The airport consists of a simple dirt strip which is closed 

for long periods during the freeze - thaw time of year . 

3. The airport! s function was considered to be more of 

the social community type, as discussed in section 2 , 3.3, 

and therefore not subject to the same economic relation­

ships used for modelling i~ the other regions of the Pro-

·vince. 

It may be noted that the total population in Table 3,1 is less 

than that indicated above. The reason being that there are a number 

of areas that do not have access to a rCf,oularly serviced airport , L e. 

Burgeo, Hal'bour Breton, the east coast of the Northern Peninsula, 



Figure 3.3 Population Distribution (16) 



TABLE 3. 1 

SUI·;r·1ARY OF POPULATION & EfIPLOYI·IENT FIGURES IN NEIIFOUNDLAND (22) 

SERVI CE l1AIlUFACTURING l·llNING & 
REGION CODE POPULATION INDUSTRY INDUSTRY FORESTRY 

St. John's 004 247,337 58,104 3,626 3,441 

Gander 005 94 ,900 15,280 2,433 3,215 

Corner Brook 006 96,580 17 ,360 3,234 2,268 

Goose Say 007 8,300 1,950 10 230 

Churchill Falls 008 3,200 2 ,500 -- ---

Wabush 009 11 ,500 2,700 14 320 

Total 462,817 97 ,894 9,317 9,474 

Average 67,732 14,197 1,339 1,405 

---- --



the coast of Labrador, etc. However, these areas account for only G% 

of the Province's population. 

The trend in Newfoundland in the past few years has been to­

wards centralization and consolidation. It is anticipated that any 

significant future expansion of the population will probably be in the 

arcas indicated by the overlay in Figure 3. 3. Thus, t he relative im­

portance of these areas will increase. An area of the Province that 

may become a major growth area is arOl.md Marystown on the Burin 

Peninsula. The population now on the Southern Burin is about 25, 000. 

However, once the BuriIl. Highway is paved, this area will have, not 

good accessibility to Torbay, but at least it will be accessible. There 

may be enough demand in this area for weekly or bi-weekly flights. 

This would require minimal investment as there already is an air­

strip at Frenchmans Cove. 

It i s believed that any significant increase in passenger air 

travel in Newfoundland will be the result of: 

1. An increase of popUlation concentration. 

2 . An increase of productive ~conomic activity. 

It i g further believed that any significant increase in pop-

ulation concentration will be the result of an increase in economic 

development. 

~ 

When one considers that there arc about 156, 000 square miles 



in the Province of Newfoundland (43, 000 on the Island and 113, 000 

on Labrador), it may be more appropriate to talk about the non usc 

of land. However, unused land will not generate a demand for air 

traffic. 

Any significant increase or decrease in agricultural activity 

will not affect the demand for air travel significantly. The same 

would also be true of the inshore fishery and of the existing tourist 

land use, i. e. provincial parks . 

Since almost all air passengers originate and terminate in 

urban areas (3} 23) it would seem that a significant change in air 

travel demand would accompany an increase in urban concentration 

and urbl;~n land use . Therefore, the centralization trend would be 

beneficial to the air transportation systems utilization. 

Economic Activity 

Newfoundland's economy is dependent upon two basic in­

dustries: the primary industries and the service industries. The 

primary industries consist of mining, fishing and forestry. Of 

these the mining industry's net value t?f production is more than the 

others combined ('Table 3. 2). Table 4. 1 indicates that the number of 

annual business trips taken by tilOse employed in the mining industry 

is about 1. 3 times that the number of employees. As can be seen 

in Table 4.2, this is a rather high ratio. Thus, an increase in the 

mining industry's operation in Newfoundland would have a beneficial 



TABLE 3.2 

~~hUE OF PRODUCT lOll AIID EMPLOYflEln 

IN NEWFOUNDLAND (ESTliIAILlJ~_Will 

Net Value of 
Employment Production 

Industry Number Percent (SOOO) Percent 

1. Hining 5,000 4.5 101,563 17.0 

2. Forestry Total 6,700 6.0 58,826 9.7 
Primary 3,700 3.5 21,060 3.5 
Process i ng 3,000 2.5 37,766 6.2 

3. Fishing Total 22,075 19.5 33,585 5.6 
Primary 18,776 16.5 22,468 3.6 
Process i ng 3,300 3.0 11,117 2.0 

4. Agri cul ture 1,850 2.0 3,800 0.6 

5. Manufacturi ng 3,600 3.0 28,000 4.7 

6. Cons tructi on 7,700 7.0 84,991 14.1 

7. Transportati on. 
Corrmunication 13,900 

"J 
8. Hholesale. Retail 

Trade 19,200 17.0 57.5 281,153 47.0 

9. Fi nance ",500 1.0 

10. Government Serv. 11 ,300 10.0 

11. Professional Serv. 19,000 17.0 



effect on the air travel demand. Also indicated in Table 4. 2 is that 

the forestry and fishery service industdes have a trip to employee 

ratio of 1. 17; thus, an increase in activity.in these sectors would 

have a beneficial effect on air travel demand. However, the fishery 

services indicated by this Table would not refer to the inshore fish­

ery as it exists here in Newfoundland. A shift in the fishery to large 

scale trawlers and fish plants would increase economic productivity 

and produce morc jobs that would require business traveL The suc­

cess of Ocean Fisheries (Trepasery), T-Tants Harbour and Harbour 

Breton bear out this fact. 

The service industries occupy a disproportionate amount of 

the labour force - 76 V!c. An increase in this percentage is undesirable. 

It is felt that as much encouragement as is possible should be given 

to people to make a shift to the secondary industries, as it is here 

that the fastest rate of capital formation occurs (15), Some possibilities 

may be in the manufacturing of childrens hockey sticks, wooden and 

paper matches, sheep farming, wool, and knitting mills, etc. En­

couragement should also be given to companies to do as much of 

their engineering and architectural work as is possible within New­

foundland. A high rate of capital formation is associated with these 

serviccs as is a high rate of annual business lrips. Both of these 

facts would be beneficial to the air network. 

It is also anticipated that the proposed oil refinery at Comc-
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by-Chance will generate a significant increase in air travel demand. 

(See Table 4. 2) 

At present, the tourist industry does not contribute significant­

ly to the air network's utilization. lIowever, some potential areas 

for further exploitation would be: 

1. The tuna fishing in Notre Dame Bay and Conception Bay, 

is one of the best areas in the world . (This is not a well 

known fact at prescnt. ) 

2. In the winter months, Bonne Bay could have some of the 

finest skiing east of the Rockies. (This is also a little 

known fact. ) 

Further study along these lines is required to determine the 

exact economic potential of these areas, Promotion of the Bonne 

Bay skiing potential would increase the air networks utilization during 

the slack winter months. 

Existing Transportation System 

The major components of the transportation system in New­

foundland are the water, rail, road and air networks. 

The water transport network 1 s basic function is to supply 

the Island with bulk commodities (foodstuffs, automobiles, hardware, 

etc.). Whether or not the water transport system is operating at high 

or low efficiency will not affect the air network, as the airplane can­

not compete economically with the boat for bulk com.modities. The 



airplane can complement this bulk commodity service by supplyjng 

perishable foodstuffs to the Island and fresh lobster and salmon to 

the Mainland, At present, this is not being done as well as it might 

be. 

The rail network ceased all passenger operations in the sum­

mer of 19G9 and is now only distributing and collecting bulk goods to 

and from the Island ' s interior, It is felt that even this function will 

decrease in importance as the road system improves anq with the 

implementation of automated container handling at the seaports for 

truck distribution, On this basis, the airplane cannot compete with 

the train either, 

The only major area on the Island that still lacks highway 

access is the South Coast between Rose Blanche and Bay d'Espoir, 

The majority of the Island's population lives ncar the Trans Canada 

Highway or has excellent access to it. This means that the highest 

concentration of people (St. John ' s, Gander, Grand Falls and Corner 

Brook) have excellent road connections, 

For passenger trips of less than 300 miles, the road offers 

a high degree of competition with the airplane (1, 3). Therefore, 

the private automobile and the bus will divert much of the travel de­

mand from the airplane on the St, John's to Gander - Grand Falls 

areR trip (200 - 2GO miles), and the Gander - Grand Falls area to 

Corner Brook al'ca (160 - 200 miles). Fo!' the St. Jolm's to Corner 



49. 

Brook trip (-125 milesL the airplane offers the best mo~c of passenger 

transport. However, the fact that the Deer Lake airport is over 30 

miles from Corner Brook detracts from the advantages of air travel. 

The stephenville airport is over 60 miles from Corner Brook and there­

fore even less attractive. It is felt that efficient same day return ser­

vice from St. John's to Corner Brook, with good limousine service 

at Deer Lake, would attract more demand for air travel. Efficient 

car rental service at all airports would further enhance air travel, 

especially for business trips. 

When the Burin road is paved, the Marystown area will be 

less than 200 road miles from both St. Johnrs and Gander. Thus, 

with this paving, the major areas of the Island will have excellent 

road transportation and fairly good airport accessibility. 

Labrador is in a different transport position. There are 

virtually no roads or reasonable sea transportation. The railroad 

to Wabush and Schcfferville supplies bulk goods and withdraws iron 

ore . Almost all of Goose Bay' s vital supplies are brought in by 

air (24). Therefore, all passenger transportation in Labrador 

(excluding snowmobile) is done by air. This situation will continue 

at least into the foreseeable future (22). 

The airway network is illustrated in Figure 3.1. Air 

Canada presently supplies trunk service between Gander and London , 

St. John's and Iblifax and St. John's and Monll·eal. Regional carrier 
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service is supplied by Air Canada, Eastern Provincial Airways and 

Quebccair. These airlines connect St. Johnls, Gander, Deer Lake, 

Stephenville, Goose Bay, Churchill Falls, Wabush and, bi-weekly, 

St. Anthony. 

It is anticipated that the future will see Air Canada supplying 

only trunk services and E. P. A, taking over all regional services in 

Newfoundland. This would mean a more integrated air service with 

less duplication of services and thus, a more economical service. 

However, this may also mean that only one airport would serve the 

Western Shore of Newfoundland. Any decisions regarding this poss­

ibility will require a detailed study of the alternatives available and 

will no doubt cause numerous political problems. 

The origin-destination statistics for the year 1969 are in­

dicated in Table 3. 3. This information is the summation of data 

collected from Air Canada, E. P. A. and extrapolations from the Ail' 

'rransport Board Statistics. D. O . T., Ottawa, 1967 . 

3,2.4 Airport Location Alternatives 

The planner, having considered the existing data, objectives 

and constraints, must then propose a system of airport locations 

that he feels would rcsult in a more efficient system. That is, 

more efficient in satisfying the objectives than does. the present system. 

In order to compare alternate systems, the present sy&-tem should 



001 002 003 004 005 006 007 008 009 TOTAL 

~lontrea l 001 -- -- -- 28,9 78 6 ,335 6,212 3,367 3,668 7,839 56,399 

Hal ifax 002 -- -- -- 22,966 5,605 4,453 686 4 9 33 , 723 

Sydney 003 -- -- -- 3,220 1,740 840 40 -- 3D 5,970 

St . John ' s 004 28,978 22 ,966 3,220 -- 11 ,629 10,772 3,714 5,547 3 , 815 90,642 

Corner Brook 005 6 ,335 5,605 1 ,740 11 ,629 - - 1,466 1,056 1,705 1 ,451 30,987 

Gander 006 6,212 4 ,453 840 10,772 1,466 -- 1, 408 2 ,075 1,891 29,045 

Goose Bay 007 3,367 686 40 3 , 715 1 ,056 1 ,408 -- 656 781 11,709 

Church ill Fa ll s 008 3,668 4 -- 5 ,547 1,705 2,075 656 -- 253 14,908 

\·Jabush 009 7 , 839 9 30 3,815 1,451 1,891 781 253 -- 16,069 

Table 3.3 1969 Origin- Destination Statistics (Figures indicate number of round trips between cities) 
(5,24,25) 



be modelled, tested and evaluated. This will be discussed morc fully 

in the next chapter. 

3.2.5 Model of Existing System 

The existing system must be modelled in such a way as to 

describe mathematically the relationships between the economic and 

social environment and the resulting air travel demand. This will be 

further detailed and developed in the following chapter . 

3.2.6 Forecast 

Forecasts of the expected natural increase in air travel de­

mand using the present system must be made so that meaningful 

comparisons of alternate proposals can be determined. Forecasts 

due to induced business and changes in system components will also 

be discussed in the next chapter. 

3.2. 7 Evaluation of Alternatives 

A step-by-slep comparison of all relevant variables for each 

alternative must be made. A consensus must be arrived at among 

the planning and decision group as to the relative importance of each 

variable considered. A decision matrix can then be set up which 

would rank the alternatives in numerical order. Th.is numerical 

ordering, combined with the net present value of each alternative 



(section 3,2. 8) would aid the decision group to select the best solution 

from among many alternatives. 

3.2.8 Economic Feasibility 

Once an acceptable alternative is determined various costs 

and benefits must be assessed for each system. There are a number 

of methods to determine the economic 'feasibility of engineering pro­

jects, however Whol (13) and Pearson (1) suggest that the net pre­

sent value method is the most meaningful. Costs germane to this 

method include: 

1. Overall construction costs including support facilities 

such as new connecting roadways. 

2. Operating costs including salaries, overhead and main­

tenance for the planned life of the project. 

3. Operating revenues for the life of the project. 

Benefits germane to the framework include: 

1. Decreased cost and access time to airports. 

2. Decreased airplane operating costs. 

3. Increase in economic return on investment. 

4. Increased revenues from demand due to optimallocalion 

of airport system. 

The above costs and benefits should be considered using 

an appropriate interest rate. Whol (13) has suggested that the interest 
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rate is easily incorporated by calculating the net present value, This 

reduces all future monies to present day terms, The net present val-

ue is obtained from: 

NPV (c) = 0 i,~c:.k--;+-Ci) __ ;:-k- Rk (3.1) 
o (1 + i) k 

where: 

= number of years of the project (design life) 

NPV (c) = net present value of costs 

::: total costs occurring in year K 

= interest rate 

R = revenues occurring in year K 

3,2.9 Recommend Strategy 

Having completed the planning framework a decision must 

be made as to which alternative is to be implemented. A detailed 

planning and design strategy can then be drawn up . 

The next chapter develops the modelling techniques to be 

used and demonstrates its upplicability. It must be remembered, 

however , that this thesis only outlines the planning framework and 

indicates how it can be applied. It does not profess to be a complete 

engineering and economic report on the Newfoundland Airport Sys-

tern, but only indicates a logical methodology for su~h a report. 



3,3 SUMMARY 

1. The Newfoundland situation was discussed in general terms 

with emphasis on its economic problems. Regional goals 

were presented with specific reference to transportation 

objectives. 

2. The air networks role in economic and social development 

indicated that investment may be required in sectors other 

than the transportation sector. Some examples were given. 

3. A framework for planning and evaluating regional airport 

location alternatives was illustrated and shown to be a 

logical step-by-step framework of interconnected analysis. 

4. Each step of the framework was briefly discussed to ex­

pand on the type of work involved in each step. The lin­

ear graph modelling techniques was left to the next chapter 

for discussion. 



CHAPTER 4 

APPLICATION OF LINEAR GRAPH THEORY 

4.1 DEMAND MODELLING 

The modelling of travel demands requires that statistically 

reliable relationships are developed between aggregates of individuals 

and their trip making characteristics. The basic agent is the indivi­

dual whose preferences towards transport modes and his concept or 

perception of any given mode is constantly changing. Further, since 

travel potential attributes (1) may not be measurable, it is difficult 

to derive an individua11 s economic demand curve. Therefore, it is 

highly unlikely that perfectly reliable predictors of travel demand 

could be made. 

At the aggregate level, many variables have been identified 

which characterize certain segments of the travel market (1). The 

travel characteristic variables describe either socia-economic travel 

components or physical measurements of the travel network. The 

former include income, occupation, perception of transport system 

variables and perception of destination attraction. The latter include 

travel cost, travel time, frequency of departure and capacity of 
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supply. 

The manner in which the components are postulated to inter­

act describes the travel demand model. The relationship of the sys­

tem's components to travel demand is as follows: 

L The total travel potential is given by the willingness to ex­

change time and money to make a trip to any destination 

on the travel network. 

2. The economic demand is given as level of demand which 

is the interaction of the willingness to exchange money 

for the perceived system parameters (which are equal to 

the user travel benefits). 

3: The equilibrium demand is given by the modal distribution 

on the system to all destinations. This is the interaction 

of the economic level of demand with the total ' price' of 

travel. 

The above simulation technique may best be described as an 

interdependent system of socio-economic and physical components. 

The equilibrium demand depends not only on the economic demand but 

also on the 'travel potential. All of the variables which describe the 

three demand components are dependent on each other. 

One technique to model total systems is linear graph analy­

sis 0) 33), Linear graph analysis requires individual components 

to be modelled sepa rately in terms of complimentary pressure and 



now variables. The imposition of their interconnection pattern then 

yields a model for the entire system. The procedure is analytic in 

form and theory and provides a c(l1sistent and rigorous approach for 

modelling systems. Further, these techniques have been applied to 

socio-economic systems including traffic networks (1, 27, 28). 

Linear graph analysis is used in this thesis to develop a set 

of linear equations which characterize the flows on every link (origin, 

physical network or destination) of the Newfoundland air network by 

the individual and system interdependent components of travel de­

mand. Since every link is mathematically described, the equilibrium 

demand components of generation, distribution, modal distribution 

and assignment are completed simultaneously. 

In order to construct the travel demand model, each system 

component is described as a terminal graph. A set of terminal 

graphs connected at the vertices to form a one-to-one correspondence 

with the physical system is called a systems graph. It is then nec­

essary to derive both the chord and branch formulation equations of 

the system. Both the formulation methods can be found in References 

1 and 33, Brief outlines of both formulations are shown in Appendix 

A. 

The chord formulation requires that link resistances, dest­

ination city attractions and known origin area flows I?c measured. 

Solution of the chord equations. cut sct equations and terminal equations 
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yields the unknown link flows and pressures. 

Branch fomulations models can be constructed using the de­

rived origin area pressures associated with origin flows, which will 

quantify the generation characteristics associated with changes in the 

system. The pressure associated with the origin area is that which 

is 'used up' in travel U. e, it sums to zero around a circuit). It is 

a function of the origin area flow and the equivalent resistance of the 

system. 

Linear graph analysis requires that the following require­

ments be met: 

1. The individual system components must be quantitatively 

describable by two fundamental variables. These vari­

ables are a "yn or flow variable, and a complimentary 

"XII, or pressure variable which causes flow. 

2. The components are connected at their ends (vertices) 

to yield a model for the entire system. The inter­

connected model must satisfy the two generalized 

Kirchoff laws. The first law states that the algebraic 

sum of all flows (y) at a vertex is zero. The second 

law states that the algebraic sum of all pressures 

around any closed loop of the system must be zero. 

3. The flow and pressure variables must be related by a 

linear or non-linear function. 



The "y" variable for the intercity travel network is person 

trips per year. This satisfies the first Kirchoff law while eliminating 

the necessity of modelling for storage with~n the system. That is, 

all air travellers are assumed to return to their origin over the year-

ly period. 

The "Xli variable is postulated to be a value measure used by 

the travellers in making a trip and a choice of mode. It is analogous 

to the portion of the travel potential of an origin area which is used 

up as a trip is made, and thus is that pressure which caused now. 

The !1x !1 variable is not a measure of the total perceived value of mak­

ing trips, but rather the measurable perceived total cost of making 

the trip. 

The reasoning for the above postulates is as follows: 

1. If it is believed that the making of a trip and the choice 

of mode can be simulated with a reasonable degree of 

accuracy, then it follows that there is some underlying 

process made by the traveller in making such a choice. 

2, The traveller will act as a free agent and attempt to 

.optimize his degree of satisfaction. 

3. Relating points 1. and 2. above to a value measurement 

used in travel allows the origin pressure to dissipate as 

the trip is made, thus satisfying the second Kirchoff law. 

The application of the second Kirchoff postulate to traffiC 



networks as described in this thesis requires an assumption which is: 

The perceived cost (pressure) of a trip from any particular 

origin to all destinations is a constant. 

The reason for this assumption are: 

1. Each origin is modelled with its own unique travel press-

ure. 

2. The origin and travel links form a closed loop with each 

destination. 

The computer program developed by Pearson (1) and repro­

duced in Appendix B will be used to solve the system of equations 

involved in the air network systems graph for Newfoundland (Fig­

ure 4. 1). 

4.2 SYSTEM IDENTIFICATION 

The system examined in this model is shown in Figure 4. 1. 

It includes six areas of the province and three external Mainland 

connections: 

001 Montreal 

002 Halifax 

003 Sydney 

004 St. John's 

005 Corner Brook 

006 Gander 
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007 Goose Bay 

008 Churchill Falls 

009 Wabush 

Although St. Anthony is served by bi-weekly flights, it has 

been omitted here for three reasons: 

64. 

1, Less than 300 passenger trips were recorded between June 

1969 and June 1070 (24). 

2, The airport consists of a single dirt strip which is closed 

for long periods during the freeze - thaw time of year. 

3, The airport's function was considered to be more of the 

social community type as discussed in section 2. 3. 3 and 

therefore not subject to the same economic relationships 

used for modelling in the other regions of the province. 

The components of the system include origin cities, destin­

ation cities and all non-stop airway links between the origin and des­

tination cities. The origin and destination cities are shown as links 

001 to 009 in Figure 4.1. The origin or destination 'city' included 

all major centres of population served in the region. For example, 

link DOG indicates the city of Gander, however, this also includes 

Lewisporte, Grand Falls, Windsor, Bishop's Falls, etc. 

Links 001 to 109 and link 115 refer to the airports serving 

a particular rcgion and is a measure of the airport access and egress 

costs and times. These links also include an empi dcally derived 



constant which reflects the trade-offs made by travellers in choosing 

a mode of travel for distances under 300 miles. 

Links 200 to 213 refer to the non-stop air routes between ori­

gin and destination cities. Included in these links is a measure of a 

traveller 1 s resistance to travel, measured in terms of travel time, 

travel cost and frequency of departure. 

4,3 MEASUREMENT OF ATTRACTIONS 

A study by Air Canada (2!J) provided partial hlformation on 

the trip making characteristics of various employment types. The 

survey included business trips by all modes over 250 miles in length 

(one way). The results of the Air Canada study are summarized in 

appropriate categories for this study in Tables 4. 1 and 4.2. The 

categories are: service industries, manufacturing industries and 

mining and forestry industrics. It was felt that due to the nature of 

the inshore fishery and the low scale farming in Newfoundland, that 

these industries would not contribute significantly to passenger air 

travel demand and therefore were left out of thi~ classification. In 

order to make use of this data, the following assumptions are made: 

1. Industries not included in the survey WOUld, on the aver­

age, exhibit similar trip making characteristics when 

they were classified into the three broad indu strial 

groups. 
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301 
302 
303 
304 
305 
306 
307 
308 
309 
310 
311 
312 
313 
314 
315 
316 
317 
318 
319 
320 
321 
322 
323 
324 
325 
326 

TABLE 4.1 

SUMMARY OF TRIP MAKING CHARACTERISTICS OF VARIOUS INDUSTRIAL TYPES (29) 

INDUSTRY 

General Building Contractors 
Bus iness Forms 
Trucking 
Water Transport 
Communications & Newspapers 
Groceries 
Beverages & Tobacco 
Department Stores 
Personal Credit Institutes 
Mortgage Companies 
Securi ty Brokers 
Life Insurance Companies 
Business Services 
Legal Services 
Labour Unions 
Engineering & Archi teetuTal Services 
Account ing 
Forestry & Fishery Services 
Mining 
Petroleum & Natural Gas 
Paper & Paper Products 
Lumber 
Metal Industries 
Ship Building 
Electrical Supplies 
~lachine Supplies 

ANNUAL BUSINESS 
TRIPS 

3 I 000 
92 

337 
1,133 
1,688 

348 
984 

1,207 
292 
335 
428 
350 
830 
307 

1,036 
2,983 

674 
445 

3,555 
3,015 

440 
332 

1,276 
64 

705 
1,944 

TOTAL 
EMPLOYEES 

4,648 
325 

1,737 
1,582 
1,830 
1,632 
1,125 
2,036 

497 
1,638 

461 
807 
816 
595 
297 

1,302 
1,040 

381 
2,740 
2 , 272 
1,101 
2,059 
2,529 
1,220 

962 
2,733 



CODE TRIPS 

301 3,000 
302 92 
303 337 
304 1,133 
305 1,688 
306 348 
307 984 
308 1,207 
309 292 
310 335 
311 428 
312 350 
313 830 
314 307 
315 1,036 
316 2,983 
317 674 

16,023 

Trips = .72 Empl. 

Average of 
Above Row 

SERVICE 

TRIPS 

TABLE 4.2 

INDUSTRIAL CLASSIFICATION & AVERAGE ANNUAL 
TRIP MAKING CHARACTERISTICS (29) 

MINING & FORESTRY 

TRIPS 
EMPLOYEES EMPLOYEES COOE TRIPS EMPLOYEES EMPLOYEES CODE 

4,648 .65 318 445 381 1.17 323 
325 .28 319 3,555 2,740 1.30 324 

1,737 .19 320 3,015 2,272 1. 33 325 
1,582 .71 321 440 1,101 .40 326 
1,830 .92 322 332 2,059 .16 
1,632 .21 
1,125 .87 
2,036 .59 

497 .59 
1,638 .20 

461 .93 
807 .43 
816 1. 02 
595 .52 
297 3.50 

1,302 2.29 
1,040 .65 

22 , 368 13.84 7,777 8 , 553 4.36 

Ave. (Trips) = 82 Trips = . 91 Ave. ~~~~l~~ = .87 
Trips 

(Effipr.) . ~ EJiii)T-:-

= .77 = .89 

MANUFACTURING 

TRIPS 
TRIPS E~!PLOYEES H!PLOYEES 

1,276 2,529 .50 
64 1,220 .05 

705 962 .73 
1,944 2,733 .72 

3,989 7,444 2.00 

= .54 A (Trips) = .50 
ve. (Effipr.) 

= .52 



2. The trip making characteristics would renect the attract-

ion of the industry group. 

3. The choice of mode does not depend on the attraction of a 

region but only on the trip length and the accessibility. 

Since both business and pleasure trips are included in this study, it 

is felt to be necessary to include a term for the population of a region 

as welL Thus, it is postulated that the attraction of a region in rel-

ative terms is given by: 

Ak • <Ilk (Bp Pk + Bs 
Sk + Bm Mk + BMan Mank 

Pk, ave 

where: 

Pkave ! Skave' 

Mkavc1 Mankave 

Sk, ave ~ Mank, ave) 4. 3. 

the relative attraction of a region 

a calibration constant 

trip attraction characteristics of 
each classification which are derived 
below 

the characteristics of each region, res­
pectfully, the population, and the employ­
ees in the service, mining and forestry 
and manufacturing industries 

'" the characteristics of an average city 
in the network 

The B coefficients were derived partly from the Air Canada data 

shown in Table 4. 1. Table 4. 2 shows a breakdown of the employ-

mcnt types into mining and forestry, service and manufacturing in-
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dustries. The average number of trips per employee for each of the 

three induslrial types was calculated and is shown in Table 4. 2 Also 

calculated was the ratio of trips to employees for each employment 

type within the industrial classification. These ratios were also av-

eraged and then averaged again with the total average. For example, 

in the service industry, there are a total of 16,023 annual trips and 

22,368 employees. 

16.023 
22.368 .72 

The sum of the individual employment type ratios is 13.84. Thus, 

the average is 

13. 84 
-1-7-

Thus, the final average is 

.82 

.72 ; .82 '" , 77 

Similarly, the final average of the mining and forestry industry::: 

. 89 and the manufacturing industry = . 52. Since this study is also 

considering pleasure trips, it was decided to add a term in the 

attraction function that was related to the population in the region. 

A number of studies (23,30) indicate the approximate percentage 

of air pleasure trips in Canada. Considering these figures and also 

the fact that Newfoundland is an island. it was feU that a 25% figure 

would be appropriate. Thus. 75% is made up of business trips rc-

lating to the three industrial types. 
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Thus: 

Ep ,25 

Es ,75 ,77 

,77 + ,89 + ,52 

,28 

E ~ ,75 ,89 ) m 
~) 

,30 

Eman = ,75 ,52 
2,18 

,17 

Therefore, the attraction function is -
( 

Ak = (/J ( .25 P + . 30 M + , 28 S + . 17 Man 

(p'ave M'ave S'ave Man'ave) 

4,3,1 

Table 3, 1 summarizes the population, service industry employment, 

manufacturing industry employment, and the mining and forestry 

industry employment within each region in Newfoundland being con-

sidered. 

The city of St. John's is shown below as a sample cal-

culation. (I!litially C/J is assumed = 1. 0). 

( ) 
Ak = (.25 x 247,337 + .30 x 3,441 + .28 58,10'" + . 17 3,262 ) 

( 67,732 9,305 14,197 1,339) 

~ 3, 266 

The results of this ca lculation on all regions is summarized 
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i.n Table 4. 3, In the case of Churchill Falls, Ilk was taken as being 

3.0 because it is estimated that the work force changes ahout 3 times 

per year. 

The attraction figures for Montreal, Halifax and Sydney were 

selected on a different basis, because they are really external to the 

system being considered. Initially, Halifax was taken to have the 

same attraction as St. John's (3.266). Sydney was assigned a value 

of 0.300 arbitrarily. Montreal was assigned a value of 13. 06, or four 

times the attraction of St. John's. 

The regions served by the airports were considered to he 

those shown in Figure 4. 2. It was assumed that the Montreal att-

racllon ~cluded a factor for Toronto, Ottawa and points west. l-Ia1-

ifax included Boston and the rest of the Maritimes. 

4.4 MEASUREMENT OF ACCESS LINK RESISTANCES 

The airport access and egress link resistances (101 to 110) 

for :1i1' passengers were calculated considering travel costs, travel 

times, passenger processing times 1 and passenger insurance time 2. 

The resist~nces were calculated from equation 4.4,1. 

R ' M (~) + k (td + M (!..) (4.4.1) 
m m 

1. Process tim.e includes time from arrival at airport to check-in, 
check-in time, departure weighing lime and aircraft loading time. 
(This is assumed to be 30 minutes.) 



CODE 

001 

002 

003 

004 

005 

006 

007 

ODS 

009 

TABLE 4.3 

SUMMARY OF RELATIVE ATTRACTIONS FOR 

REGIONS IN TI-JE NEWFOUNDLAND AIR NETWORK 

AREA 

Montreal 

Halifax 

Sydney 

st. Johnrs 

Gander 

Corner Brook 

Goose Bay 

Churchill Falls 

Wabush . 

ATTRACTION 

13.06 

3.266 

.300 

3.266 

1.643 

1. 596 

.123 

.IS3 

.167 



Figure 4.2{a) Areas Regularly Serviced by Scheduled 

Aircraft in Newfoundland 



Figure 4.2(b) Areas Regularl y Serviced by Schedul ed 

Ai rcraft ; n labrador 



2. Insurance time is allocated to account for unseen delays. (This 
is also assumed to be 30 minutes. ) 

where: R ,:: Hesistance to travel 

M = No. of miles on link 

£ = Cost in cents per mile for access vehicle 
operation 

K ,:: A constant defining the perceived travel time 
costs in cents per mile 

td ,:: delay time at airport (passenger processing 
& insurance time) 

!. = Length of time to cross one mile of the air-
port access link 

The choice of the value of K is discussed thoroughly in ref-

erence (1). The access travel costs are taken as 12 cents per mile 

(1). 

The resistance calculation for link 104, the airport access 

and egress for Torbay airport is given below: 

The major areas served by the airport were assumed to be: St. 

John1 s, Carbonear area and the Burin Peninsula. The first step re-

quires that the distance and time to the airport be weighted by the 

relative pop.ulation and employment figures. 

Distance to Time to Weighted Weighted 
Centre Airport Airport Time Distance 

St. Jolm 1 s 15 11 

Burin 201 360 21 14 

Carbonear 72 110 29 16 

Total 51 36 



Thus, the total weighted access time is 51 minutes and the total 

weighted access distance is 36 miles. Therefore: 

R = 36 x 12 + 10 (60 + 51) 

~ 1542 

The access and egress resistances are summarized in Table 4. 4. 

For airports within 300 miles of each other, it was necessary to 

modify the resistances of the airport access links. or course, this 

only applies to the areas that are connected by road. Within this 

trip length range, there is considerable competition between air 

and road travel. For a detailed discussion of this measure, see 

reference (1). 

4.5 MEASUREMENT OF AIRWAY LINK RESISTANCES 

The airway link resistances (links 200 to 213) were cal-

culated considering air fares, route travel times and scheduled 

departure frequency. The resistances were cal culated using 

equation (4.5.1). 

R = C + K J m (4.5.1) 

where: R = resistance to flow 

C = cost in cents to travel on any air link 

K = a constant defining the perceived travel time 
costs in cents per mile 

J m = mean journey time (1) 
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TABLE 4.4 

SUMMARY OF RESISTANCE VALUES FOR 

ACCESS AND EGRESS 

ACCESS! ACCESS FOR< 
£QQI!. EGRESS 300 MILES REMARKS 

101 Montreal 1160 99999 From Halifax & Sydney 

102 Halifax 1410 99999 From ~1ontreal Sydney 

103 Sydney 970 99999 From Montreal Halifax 

104 Torbay 1 542 8 , 000 From Gander 

105 Stephenville 1878 20 , 000 From Gander 

115 Deer Lake 1370 2 , 000 From Gander 

106 Gander 1838 20,000 From Corner Brook 

8,000 and St . John ' 5 (resp. ) 

107 Goose Bay 772 

108 Churchill Falls 740 

109 Wabush 686 
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The airway link resistances are summarized in Table 4.5, 

A description of how these attractions and resistances are 

used in the computer program developed by Pearson (1) is given in 

Appendix B. An outline of both the chord and branch formulations of 

linear graph theory is given in Appendix A. 

4.6 CALIBRATION OF THE MODEL 

There are a number of variables in both the attraction equa­

tion (eq. 4,3,1) and the resistance equations (eq. 4,4,1) and (eq. 

4.5 . 1) that require calibration. For example, in the attraction equa­

tion, 0k was set equal to . 001 to avoid numerical problems with mat­

rix inversion. iDk also takes on an empi rieal value to account for 

variables not considered in the regression equation (eq. 4.3.1). 

The term in the attraction equation representing a factor for pleasure 

trips was emf. i rically derived and requires further calibration. In 

the resistance equations, k was assumed to equal 10 (representing a 

time value of $6. 00 per hour) (1,31). The value of ground travel 

costs was taken as 12 cents per mile (32) and is subject to personal 

and regional perception of ground travel costs. 

It is felt that a more detailed attraction function with more 

up-to-date statistics on business activities and their distribution 

within Newfoundland would provide more meaningful and accurate 

results. Resistance functions could also include factors representing 



TABLE 4.5 

SUMMARY OF RESISTANCES FOR THE 

NEWfOUNDLAND AIRWAY NETWORK 

CODE LINK RESISTANCE 

200 Churchill Falls Goose Bay . 9) 760 

201 Deer Lake Goose Bay 12,040 

202 Gander Deer Lake 9,100 

203 Gander Stephenville 9,600 

204 Stephenville Sydney 4,870 

205 Gander St. John I 5 4,360 

206 Wabush Churchill Fa1ls 9,260 

207 Montreal Wabush 13,220 

208 Halifax Montreal 6,540 

209 Montreal St. John r 5 15,360 

210 Halifax St. John I 5 12,200 

211 Halifax Deer Lake 11,500 

212 Montreal Goose Bay 23,020 

213 Sydney Halifax 4,900 
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the time of day of departures and same day return capabilities, etc. 

The dynamic environment within Newfoundland as a develop­

ing region also means that flight routings and schedules have changed 

rapidly in 1969, which alters the results of the model as welL All of 

these factors could be considered on further study and would aid in 

the development of a morc comprehensive model. However, the pur­

pose of this study is to demonstrate that this planning and modelling 

technique is applicable fo.l' this type of planning problem. 

The actual origin-destination data shown in Table 3. 3 is 

reproduced here for convenience. Table 4.6 shows the results of 

preliminary calibrations of the chord formulation equations. In 

comparing these results one can see that all results are in the right 

order of magnitude and that many are entirely representative of 

reality. However, further calibration is necessary in order to ob­

tain reliable results on all links. 

The computer program requires a matrix inversion step 

which demands full core of the IBM 360 model 40 computer. This 

is a time consuming procedure and taxes the research funds avail­

able to the limit. However, it is felt that these results demonstrate 

the validity of this modelling technique. 

4.7 SUMMARY 

1. The problems involved in travel demand modelling were 



001 002 003 004 005 006 007 008 009 TOTAL 

~lontrea 1 001 -- -- -- 28,978 6,335 6,212 3,367 3,668 7,839 56,399 

Halifax 002 -- -- -- 22,966 5,605 4,453 685 4 9 33,723 

Sydney 003 -- -- -- 3,220 1,740 840 40 -- 30 5,970 

St. John's 004 28,978 22,966 3,220 -- 11 ,629 10,772 3,714 5,547 3,815 90,642 

Corner Brook 005 6,335 5,605 1,740 11 ,629 -- 1,466 1,056 1,705 1,451 30,987 

Gander 006 6,212 4,453 840 10,772 1,466 -- 1 ,408 2,075 1,891 29,045 

Goose Bay 007 3,367 686 40 3,715 1,056 1,408 -- 656 781 11 ,709 

Churchill Falls 008 3,668 4 -- 5,547 1,705 2,075 656 -- 253 14,908 

Wabush 009 7,839 9 30 3 , 815 1,451 1,89 1 781 253 -- 16,069 
--------

Tab 1 e 3.3 1969 Or; gi n- Des ti na ti on Stat; sti C$ (Fi gures i ndi cate number of round tri ps between citi es) 
(5 ,24, 25) 



TABLE 4.6 

RESULTS OF PRELIMINARY CALIBRATION OF LINEAR GRAPH SIMULATION TECHNIQUE 

CALCULATED ONE YEAR TOTAL ROUND TRIPS 

1 2 3 4 5 6 7 8 9 TOTAL 

Montreal 1 -.--- .---- ----- 27,127 6,604 4 , 558 4,927 4,654 8,351 56,399 

Halifax 2 --- -- ----- - -- -- 20 , 020 6,523 4,568 1,019 754 661 33,723 

Sydney 3 ----. ----. ----- 2,807 1,878 979 126 90 74 5,970 

st. John's 4 30,319 17,624 5,652 ----- 19,535 10,636 3,129 2,149 1,586 90,642 

Corner Brook 5 4,242 4,785 4,207 10,327 ----- 2,384 2,789 1,712 538 30,987 

Gander 6 5 , 612 5,681 3 , 123 7,033 4,560 .- --- 1,555 1,041 435 29,045 

Goose Bay 7 3 , 846 1,053 185 1,973 1,456 1,039 ----. 1,351 802 11,709 

Churchill Fall 8 4,099 386 127 2,785 2,258 2,668 1 , 370 ----. 1,211 14,908 

Wabush 9 9 ,5 45 777 118 2 ,5 09 1,811 1,7SS 1,098 452 .--.- 16,069 



discussed. The basic principles of linear graph theory 

were presented along with brief discussions of both the 

branch and chord formulations. 

2. The Newfoundland air network was identified graphically 

and discussed. 

3. Regional attractions were developed and presented. 

4. Access link resistances were calculated. 

5. Airway link resistances were calculated. 

6. A brief discussion of the problems involved in model 

calibration was presented. 



CHAPTER 5 

APPLICABILITY OF FRAMEWORK 
AND LINEAR GRAPH MODEL 

5.1 RESULTS 

The results of the model development and actual origin -

destination data were presented at the end of Chapter 4 . Compar-

ison of selected origin - destination pairs indicate that discrepancies 

are small in actual numbers or are small on a percentage basis. For 

example, on the Wabush to Churchill Falls run, actual figures are 

253 rOW1d trips per year, compared to a calculated figure of 452, 

the difference being only 200 per year, On the St. John ' s to Montreal 

run the figures are 28,978/30,319 for a difference of 1, 341, however, 

this represents less than a 50/0 difference. It is felt that the results 

in general are representative of actual data. Further model cali-

bration, which was limited due to expensive computer costs and a 

meager budget, would show even better results. 

5. 2 ADVANTAGES OF LINEAR GRAPH 

The travel demand simulation procedure described in pre-



vious sections do es not differ significantly from existing models with 

respect to thc following (1): 

1. There arc coefficients of the model that must be calibrated. 

2. The calibration constants are assumed to remain constant 

over t .he planning horizon. 

3. The origin now values (or travel potentials) for the plann­

ing ho rizon must be estimated through some type of re­

gressi on formulation. 

However l the chord formulation model (1, 33) does offer some 

advantages and these include: 

1. Generation, distribution. and assignment are considered 

as interdependent. and are completed simultaneously for 

each origin. 

2. The model considers the competitive attractions of all 

destinations on the system with respect to each origin. 

3. The travel links are mathematically described by their 

time and cost parameters. 

4. The model quantifies the interconnections of many of the 

variables relating to demand. The variable and inter­

connection measurements are achieved at the aggregate 

lcvel. 

5. The model is analytic; therefore no iterations or balanc'­

ing procedures arc requircd to determine the travel 
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volumes on each link. 

The chord formulation technique (I, 33) is used to solve for 

the unknown flows and the unknown pressur.es. By substituting these 

derived pressures associated with the origin flows into the branch 

formulation (1, 33) it is possible to quantify trip generation charac­

teristics associated with changes in the system. The pressure assoc­

iated with the origin area is that whicJl. is used up in travel (i. e. it 

sums to zero around a circuit). It is a function of the origin area 

flow and the equivalent resistance of the system . 

The branch formulation permits the trade-affs made by a 

passenger in choosing a mode of travel to be quantified at the aggre­

gate l evel. 

T he chord formulation served to calibrate and check the 

coefficients of k and to derive the origin area travel potentials. No 

attempt was made to relate the travel potentials to the origin area 

socio-economic characteristics because of the limited number of 

origin areas. The derived travel potentials were used as pressure 

drivers in a branch formulation of the system shown in Figure 3.6. 

Branch formulation models were constructed for both the St. 

John ' s and Corner Brook origins. Changes were then made in the 

cost and time parameters of airway links 202 and 205 and access 

l ink 115. 

As would be anticipated, a decrease in airfare and travel 
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time produces air increase in traffic volumes 1. Further, a large 

decrease in access time and cost on link 115, produces a significant 

increase in travel volumes. The conclusion being, that a non-stop 

flight between St. John! s and Corner Brook with relatively easy 

airport accessibility at Corner Brook would show a significant in-

crease in air travel demand. 

Part of the Gander areas relative attractiveness for air trips 

is accounted for by the fact that the airport is used as a trans At-

lantic air stop_ If Gander were to be phased off of the trans Atlantic 

air map and St. John's were to be used instead, there would be a 

change in the relative attractiveness of the two areas. There would 

be an increase in the attraction of St. John's and a decrease in the 

attraction of Gander. Branch formulation models for the entire 

Newfoundland air network were constructed with these changes made. 

As was anticipated, there was a decrease in travel volumes to the 

Gander area and an increase in volume to st. John's. 

Changes in the socio-economic status of a region will be re-

fleeted in the airway network by a corresponding change in travel 

demand. For example, an increase in the labour force of Corner 

The decrease in travel time represents a non-stop flight from 
st. John's to Corner Brook. 
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Brook would have an affect on the terms in the attraction equation 

(3.8.1), The relative attractiveness of Corner Brook would then be 

increased and show a corresponding increase in the air travel de­

mand. Further, if investment into Bonne Bay skiing and resort 

potential were made, there would also be an increase in the relative 

attraction of this area, This would mean, as expected, an increase 

in the air travel demand. 

Thus, it is demonstrated that this modelling technique is 

sensitive to, and shows corresponding changes in the air travel 

demand when: 

1. Changes arc made in the airway network (time, costs, 

routes and scheduling), 

2. Investment is made into an airport to change or expand 

on its functions. 

3, Investment is made into an improved airport location 

with respect to a particular city. 

4. Changes in the labour force of a particular area are 

made. 

5. Investment is made into an area to expand or introduce 

a new economic activity. 

In view of the above discussion, the linear graph model 

used in this thesis offers a number of advantages o~er the existing 

methods of demand simulation. These advantages include: 



1. The linear graph technique considers the interconnections 

of travel potential, economic demand and equilibrium de­

mand. 

2. The technique requires that the demand components are 

individually described and then interconnected. The pro­

cedure is probably more closely related to the actual de­

mand phenomena than interactions suggested by other 

models. 

3. The resultant system of linear equations simultaneously 

generates, distributes, and assigns traffic volumes. 

4. The linear graph model is analytic, there is only one 

solution required to obtain generation, distribution and 

assignment. 

'5. The linear graph teclmique considers the competition 

between modes. 

6. The linear graph teclmique considers the attraction com­

petition between destinations. 

7. The number of variable estimates are much less with 

the linear graph model than with existing models. 

5.3 AREA OF APPLICATION 

In general terms, the applicability of the planning framework 

(fig. 3.2) and linear graph theory has been demonstrated. With res-
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peet to the problem of Newfoundland's economic development, both 

the modelling and the framework have specific application in a num­

ber of areas: 

1. Tourism and Recreation - tuna fishing, moose hunting, 

salmon fishing. and the possibility of skiing in the Bonne 

Bay area, etc. 

2. Industrial development - lobster marketing and local fish 

products, etc. 

3, Transportation Economic Efficiency - west coast airports, 

Gander, etc. 



CHAPTER 6 

CONCLUSIONS AND RECOMMENDATIONS 

6.1 CONCLUSIONS 

1. Newfoundland's economic situation is unacceptably 

below the standards set by the rest of Canada (16). 

2. The needs criteria which determined the development 

of the present airports in Newfoundland no longer ex­

ist. 

3. There are a number of economic deficiencies in the 

airport locations presently being used in Newfound­

land. 

4. The air network should play an integral part in a 

multi-modal transport system policy for economic 

development in Newfoundland. 

5. . The framework for planning outlined in this thesis 

appear s to be a logical approach to regional airport 

investment planning in Newfoundland. 

7. The linear graph simulation techniques appears to be 

the most appropriate modelling technique for this type 
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of planning problem. 

6.2 RECOMMENDATIONS 

1. It is recommended that this thesis form the basis for 

continuing the study on regional airport location plann­

ing in Newfoundland. 

2. Further study is required in the development of more 

appropriate attraction and resistance functions. 

3. A travel potential equation should be developed to re­

late economic activity directly to travel pressure. 

4. The linear graph technique allow s for exact calibration 

of the travel data and should be accomplished. (Note: 

this was not completed due to a lack of available com­

puter tim el. 

5. It is recommended that the following areas be con­

sidered in the immediate future in further specific 

studies: 

1. Gander Airport 

2. The West Coast Airports 

3. Fresh fish and live lobster marketing depots. 

6. The author anticipates airport maintenance problems 

at both Argentia and Goose Bay when the United States 

Air Force completes its withdrawal. It is recom-
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mended that studies be conducted to determine the 

outcome of these facilities if they are turned over to 

Canadian or Newfoundland authorities as was Stephen­

ville. 
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APPENDIX "A" 



The elements of linear graph theory are discussed in detail 

in "Nettwrks :md SysteT:!S" by P~ter H. O. N. ROe, Addison-Hcs1ey 

Publishing Company, Rending, Ma.ss. 1966 

The appendix sunmarizes linear graph theory beginning with 

the definitions of the cut set and circuit equntiol~s . 

Cut-Set and Circuit Egu<l.tiol'.s 

The interconnection model is described by tvo basic postu111::es . 

Ot,e, the Kirchoff vertex postulate states that at any verlc,.;: 

(A. 1) 

... ,her,> e = number of clements, 

Yi t= through variable of ith ~ler.\ent 

8 i = 0 if the ith element is not incident at lhe Vlh verL<.!x 

a i "" 1 i( the ith variable is oriented mmy frO!!! the Vto \'Cl·tex 

a i = -1 if the ith variahle i.s oriented tOl·1c.rds the Vth v"rte~; 

The other., known ':11. the circuit postulate slates Lr.a~ [or. a\~:' 

circuit in the syr.tems g.:npr.: 

(A.2) 



wher€: the number of clements in the graph, 

Xi '" across V:J.riahle of the ith clement, 

hi so 0 if the ith clement is not in the jth circuit, 

hi '" 1 if the orientation of the ith element is the same as 

the orientation chosen for the jth circuit 

hi '" - 1 if the orientation of the ith clement is oppo~ite 

that of the jth circuit. 

A fundamental circuit of a graph [or any selected tree is the 

set o[ circuits formed by each chord and its uni!!.ue tree branch. The lH!i':lher 

of independent circuit equations is given by the product of the circuit 

l1'.atrix of the across variables. 

( > . 3) 

~'here Bll c a coefficient matri;,; corresponding to the branches, 

a unit matrix corresponding to the chords, 

'), a column matrix of the branches, 

Xc a column matrix (\[ the chords. 

The fundanlenta1 circuit matrix B C [B ll uJ is defined by B '" b ij 

where h ij '" 1 if the cler.ICnt j is in the circuit i and the 

orientation of the circuit and element coincide, 

b ij ." -1 if the ei.:'!rn(!nt j is ill the circuit i find the 

orientation do :lOt COincide, 

b ij 0 if the element j is not in circuit 1. 



The! oi:'der of the mattix is (~ - v + 1), e 

where the number of elements, and 

the number of vertices. 

'l'he fundamental set of cut-sets with rcspo:'!ct to a tree is the 

cut-sets for'l'_cd by each branch of the tree <lr.d <!.ll chords of the tree for 

which the fundamental circuit contains that branch . The number of 

independent cut-set equations is given by the matrix product of the cut-

set matrix and the column matrix of the through varinbl'ls 

where 

where 

r::] 0 0 
( A.4) 

a unit matrix corresponding to the branches of a tree, 

a coefficient matrix corresponding to t},c chords, 

a column matrix of the branch through vc.1:iablcs, 

a column ;natrh: of the chord through viiriablcs. 

The fundam"mtal cut-set matrix a = [u a 12] is defined by 

1 if the element j is in the cut"set i and ::hc clE..o:cnt 

ori.entation of the branch in the cut-set coincides, 

aii = -1 if the elem'.!nt j is in the cut-set with the opposite 

ori.entation .of the branch, 

o if the elcMent is not in the cut-set. 

The ordCl or the n .. :ltrix is (V - 1) , 

Furtber. it may be ShOF'l til?!.: [33J: 
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t hus ( A.5) 

where fundamental cut-set matrix , 

BT .. transpose of fundamental tranposC! matrix, 

a 12 = coefficient matrix corrcep::.nding to the chord through 

variables , 

B12 "" coefficient matrix corresponding to the branch across 

variables. 

Ttle fundamental cut-set ma t ri.x corresponding to a tree can be 

written from the fundamental circuit matrix of the same tree and vice-

The Br~nch Formulation 

lhe b r anch formulation requires th.:tt the given pressure drivC!rs 

be pl<:ccd in the branches and that the given £1m·/ vnriablcs be placed in 

t he chords. It i s also required that the terminal equations be given 

explicit l y in the through varieblc<J . 

From .:tny selected tree , t he £undamC!nt<ll cut - set can hi! c>:prcs5cd 

fY
*) 

~ 
All Al~ Yb [:] ( A. 6 ) 

A21 An 

l::(,) 



102. 

w~cre a columll m-1.trix vf specified flows in the bram'l:\~s, 

"" a column mtrix of unkno'.-lO branch flol,'s, 

'" a column matrix of unknmm chord flows. 

: a COlUnul matrix of known chord flows. 

The terminal relations are expressed in terms of the through 

variables: 

x,,(,) [F1(,)1 

Yc(,) [F,(,)l 

(A.7 ) 

where represent coefficient matrices. 

Expanding (A. 6) to separate the terms cO:ltaining knmlO prC'ssUl'cS 

or flo\~s. Equation (11.8) is obtained: 

The tcrrniaal cqu<.1tions (A. 7) arC! substituted into th?_ rclation-

ship (A.B) to ~btain: 

G12(,)] 

G22 (s) 

( A. 9) 
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The fundamental circuit eqllations can be lnittcn as: 

:] [:] (,\.10) 

This equation can be rewritten in the form: 

(A.11) 

Substituting into (~ . 9 ) and recallinb the relationships (A.S ), 

the follol>"ing is obtained : 

+ 

(A.12) 

["J [Y J + [Zll Z12] [""(')] + [y J. flO] b(s) c(s) 

o Z21 Z22 ~ 0 

(1..13) 

where Z11' .•• . , are coefficient !l\::\trircs of the nntrix triple product. 

Noting that [xbJ appears in the .secol\d set of equations only, 



104. 

Equation (A.12) lI\'y be rewritten <'IS : 

["'''., ''''''] :;,] [1] A2l) lx,,) + [A22) [Yc(,)) = 0 

GZI(s) G22 (s) (A. 14) 

These equations can be solved for unknown branch pressures only. 

The number of unknowns are the non-specified branch pressures or across 

variables and these nu;:}ber (v - p - ox) where nx is the number of 

spccified voltages, p th.:! number of parts of the g .... aph and v the number 

of vertices. The remainin& unknol-ins are solved from the cut-set, circuit 

and t cr:ninal matrices. 

The Chord Formulation 

This formulation rcqt;ires that the given across variabll'S be 

placed in the brar.ches Cl:J.d that the given thro'...lgh va::iablcs be placed in 

the chords. The terminal relationships are given cy.plicitly i:-: the across 

variables. 

The fundamental circuit equations can be written as ; 

(A .1 5) 

The terminal relatior:shipF !.n tc::ms of the across variables arC! ; 
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(A.16) 

The fundamental cut-set equations can be written as : 

(A.l7) 

Substituting (A.16) and (A.17) into (A. 15) and recalling the 

relationships (A.5 ) the following is obtained : 

['n 1 ['u :1 [ ',n., ~"'l [,:, ":1 [~. 1 [xb(,)l + 

B21 B22 '21(,) R22 (s) o yc(s) 

+ [:1 [Xc(,)l • [:] (A.18) 

Equation (A. IS) can be written in terms of unknoHn chord fl(l'.~s 

only by sc:,s,!<ltin6 the equations into t\~O sets : 

[,u<., Rl 2(Sjl ',: 1 [B 12 ul 

R22 (,) J 
[Ycl + [BU] [x,,(, )) • [0) 

RZ1( s) u 

(A. 19) 

The nut:lbcr of unknown chord throuzh varinhl-:!s is given by 

( e - v + p - ny) where c is the number of clements {,od 0y the spe::ific<, 

through variAbles. 'rhe rChtainin; unknOHng arC' solved from the cut-set , 
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circuit and terminal matrices. 

Example of the Branch Formulation 

Consider the S>'stcm graph shown in Figure /,.l(b), with the 

selected tree containing elements 1, 5 and 10. Further, let it be aSS1J:n'!:d 

that the across vari:lble or trav.;!l propen~ity of element 1 is known, 

are the £10\015 thrClugh clements 8 and 9. 

The fund<lmer,ta] cut-set equations can be written as : 

'5 

'10 

0 0 -1 -1 0 0 0 Y, 0 

:] 
'8 

['I] + 1 0 -1 0 1 1 1 '3 + 1 = [0] 

0 1 o -1 0 0 1 Y4 
'9 

'6 

'7 
(A.20) 

The tcrmina::' relations explicit in flow variables can be 

written as : 

Xl F 1(s) 

. '8 "2(,) 

'9 "3(') 



(01 AIJ INTERCITY TRANSPORTATiON SYSTEM 

( b 1 THE SYSTEMS GRAFrl 

LEGEND' 
---- ,b.lR 

--fIOAD 

-ttl::I'tt.;lM!- RAIL 
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'5 1 G5 fxs 
GIO XIO 

A2 X2 

(A.21) 

A) X) 

G4 X4 

G6 X6 

G7 X7 

Th~ fundamentnl circuit equetions reduce to: 

r~J -1 -I 

r' X) -I -1 

::oJ 
(A.2?) 

X4 

X 
6 

X7 -1 

Sub.'> ti tu ting (A.21) and (A . 22) into (A. 20) > the branch cqua tiont. 

are obtained: 
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· [: 
0 -1 -1 0 0 

Y, 0 -1 0 1 1 -1 

o -1 0 0 

C5 1 0l 
C'0 

o '1 A, - 1 -1 0 
X11 

A3 -1 0 11 Xs I 

G4 1 01 XlOJ 
G 1 0 1 

6 

1 j C, 0 -1 

(A. 23) 

The set of equations containing only unkno'.m branch pl:~ssnrc or 

across variables is written as : 

(A.24) 

where Zij are coefficients of the matrix triple product . 

The system of equations has been reduced to tHO C(luf.tions i1n~ 

t\YO unknO\·ms. The flow frOIa eily A on the system is cOr.1plctely c;est:.dbcd. 

Rernainine l.mkno\1ns arc solved by substitution into (A . 20) . (A.21) and 

Again consider Figure A. l(l». The fund<1nlcntal circuit cquatio:l!:: 

can be \~rittcn as: 
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r 1 X5 

r: 
01 

XIO 

-1 X, 0 

['IJ + 1-1 X3 + [::1 [oj 

I : 
-1 X4 

-1 
'6 l ~ - 1 X7 

. • . • (A . 2S) 

Tho:! terr.-,inal r(:lations~ips in terms of across "aria;:'l~s are 

given as : 

Xl F1(s) 

I X5 1 r R5 

'10 II RIO 

I X2 J2 

I X3 I J 3 

l:: I 
(A,26) 
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The cut-set eqU<ltiollS can be reduced to the l'l'la.ti.on.ship : 

Y5 ] r: 
-I -I 01 y 21 

YIO -I -I -I Y3 

I 
Y2 1 

I Y4 

Y3 Y6 (A.27) 

Y4 o · 
I Y71 

Y6 l:: j Y7 0' J 

The substitution of (A . 26l and (~ . 27) into q..25) yield,,; the 

chord fot"mulation equations: 

-I -I 1 1 01 [Y21 
o -I -1 -I '31 
o 0 0 0 ,yl,l 
o 0 o 0 Y61 
0000" 

,,:1 1 0 0 0
0
'1 

o 1 0 ~ 

/ConHnucd .. •. 

[Y91 
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ol 

+ h] [6] 

1
0 

0 lx, 

l: :J 
The set of equations is unk:lo>,.m chord flows is written &s: 

r: 
[1111 1112 "13 "14 H15 

l 

I:: l "21 1122 "23 "24 "25 

[Xl] + H31 "32 "33 1134 H35 I Y:, I [oj 

01 H41 Htl2 H43 H44 1ll.5 I y 6 1 

oj I 
"51 "52 "53 "54 HS5 J L Y, J 

..... tA . 29) 
wher.e H .. are coefficients of the T:latrix triple product. 

'J 

The set of equaCio:1s was reduced to five equations in fiv.:! 

unkilolY'M; • 
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APPENDIX "B" 

PROGRAMME FOR A NUMERICAL SOLUTION OF A LINEAR GRAPH SYSTEM 

1'rogr amme Terr.:inology: 

M 

N 

CHOICE 

CONS 

ITER 

NP 

AIN(M,N+L) 

BIN (N+L) 

LN(L) 

TYP (N+L) 

D(L) 

A(M,N) 

c number of nodes in the systems graph. 

number of links which have no flows specified. 

number of links having flow (or pressure) specified. 

parameter allowing user to choose formulation to 
be used; if = 1: branch formulation 

c 2: chord formulation 

calibration constant applied to the attractions. 

parameter allowing user to state if iteration is 
desired; if = 1: iteration desired 

;: 0: no iteration desired 

parameter indicating if previously specified 
systems description applies to problem which 
follows; if 

= 1: read in new description 
... 0: old description applies 

complete systems graph description consisting of: 

if CHOICE::: 1.0 - CUT-SET MATRIX, and if 
CHOICE = 2,0 - CIRCUIT MATRIX 

terminal matrix of resistances and attractions 

vector indentifying the link(s) for which flow 
or pressure is specified 

vector indicating the type of terminal matrix 
entry; if ::: 1.0: resistance 

::: 2.0: attraction 

value of flow(s) or pressure(s) specified. 

description of non-specified part of the system. 
Consists of all entries of (AIN) except the 
vector(s) corresponding to the specified links 
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APPENDIX "B" (continued) 

C(M , L) 

B(N,M) 

CY(N+L) 

placement vector(s) for the specified link(s). 
Consists of all vectors excluded from CA). 

terminal matrix corresponding to matrix CA). 
Consists of all (BIN) entries, excluding those 
corresponding to specified links. placed along 
the diagonal and zero entries elsewhere. The 
attractions and resistances are converted to a 
form suitable for use in either the "branch" or 
the "chord" formulation. 

vector specifying all correct flows (or 
pressures) for use during the iterative process. 
If iteration is not specified this vector must 
not be read in. 
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