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PREFACE

In todsy's world, techniques of teamwork and systematic
findings seem to be more fashionable than personal research. How-
ever, personal research has a challenging quality that is perhaps
unequalled by any other type of work. Needless to0 say, a thesis
of which the main requirement is to be original, provides this
quality of personal research.

It will be seen that this study is gquite concise and that
it follows a clearly delineated pattern of cdmposifion to attain
a result and té try justifying it. The’judgment on whether or not

it accomplishes its objective will have 1o belong to the reader.

Therefore, let him read and decide whether "finis coronat opus.”
The author wishes to thank all those who kindly offeré&
their help‘in the course of preparation: the painstaking detection
and ccllectioﬁ of data (especially true for our country), theAcri%m
ical decisions of reliability of the results obitained, and the
constructive criticisms much needed for a well-balanced whole.
Special thanks are due 1o Professors Harry G. Tobey and
Sibel Tanberk without whose guidance the author's work would have
been of gquestionable gquality.
| Deserving special mention is Prof. Alper Orhon who also

spent inveluable time for the review and discussion of the work
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during the course of preparation aﬁd offered much consitructive
criticism. |

- The author would desire to extend his gratitude to all those
who devoted their time and effort during the field research he
cbnducted; especially to Mr. Nahmut Marsan, director of the Research
and Planning Depariment of Turkish Airlines, Messrs. Cemil Cinar,
Musmmer Dofan, Mete Todriner, Mahir Baruigu, and Bora Glirer of the
State Planning Organization, Mr. Gliltekin Delice, director of the
TourismASecﬁion of the State Institute of Statistics, Mr. Burhanet-
tin Stkmensiier, director of the Transportation Section of the same
institute, the;perSOﬁnel of the Research and Planning Depariment
of Turkish Airlines and the library personnel of the Civil Aviation
Institute of Istanbul Technical University, and all other individ%
uals and friends whose names he could not mention here because of

space limitations, but whose help he dearly aporeciated.

Istanbul

May, 1969
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fﬁothing has been created, unless
threugh a fechniqueg' has said Paul Valéry.

In the order of techniqués, the airplane's
s at the same time one of the most recent
and the most likely to transform a civili-

zatian.lr

lClaude Postel, L'Aeraport de Paris, trans. Hasan Akbelen
’Lahlarg de la Foqdauloa Hationale des Sciences Politigues; Paris:
Armand Colin, 1953),p. 7. .
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INTRODUCTIQE

Statement of the Problem

In any type of economic activity, planning ahead of time
makes possible the use of scarce ecOmémic resources in a most
profitable way. Furthermore, it saves a lot of needless effort
and also reduces waste. But in order to do so, those who have
the responsibility of plaﬁning must have within their reach cer-
tain working tools which wouldrenable them to accomplish a réconm
struction of the real state of affairs. |

This thesis will attempt to providé such a ‘ool for the
prediction of point~to-point transport flows. Although it would
be possible‘to apply it to any kind of transportation network,
an‘analysis of its application to Turkish Airlines' domestic net-
work will be undertaken in this study. |

| Air trénspert is the most modern mode of transportati@ﬁ

that mankind has invented. Its impact on econcmic activity in
general has been overwhelming and its implications have trans-
formed the outlook of the world we live in. As the economy of
our couniry dévelaps; air transportation will gain more and more

popularity, and the managenment of alr transportation will have
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to resort more and more 1o scientific methods. It is hoped that
the model develéped in this thesis will be of value for practical
application and that it will furthermore constitute a Starting

point or springboard for further research.

N JMethodology

The role and significance of transport activities will
be outlined and the particﬁlar implications of air fravel will
be emphasized. Since the model developed deals with point-to-
point flows, a discussion of such flows will be given. To do so,
the reasons underlying the occurrence of flows and settlements
and the acquisitian of importance of certain specific locatiouns
rather than others will be analyzed in a revie® Qf location theory.
Based on this presentation, the relevance of a gravitational or
interacticn model will be discussed and concepts of connectivity
related to it will be introduced.

After this preliminary establishment of a foundation for
2 model, %he model itself will be empirically determined by the
use of multiple iegression techniques. In this regression analysis
the volume of tfa%el will be'expressed-in termé of certain socio-~
economic fadtors. After testing the significance of the said facw
tors in a total formula yielding the potential volume of traffic,
the pertinent netwérk ?éfameters according to the gravitational
model will be established.

In conclusion, certain remarks concerning the use of the
model erlge,.amd also recommendatioﬁs on possible ways of its
development oi its eﬁployment as a basis for other studies will

hbe given.
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CHAPTER I
ROLE OF AND DEMAND FOR TRANSPORT
Role and significance of
transport activities

As soon as we are confronted with the study of any human
activity, we will be facing something that involves transportation
the movement of a body from one place to ancther, All living creat
ures move. It is their activities and their‘ccatacts that make
their lives valuable and meaningful. Eorsingle commodity or set of
commodities is either so satisfactory or.so supportable that even
if we have it sbundantly, we shall not look for and express a
desire to have more. Our aspiration, need, predilectien, and even
eraving for m@ré’will be an eternal truth. Since the human being
hag a natural tendency toward perfectioﬁ whether it be in the
direction of the good or‘ﬁhé bad, everything will have to be just
right or at least intended to be so. Ve do want our tea %o be from
Ceylon, our cigars from Havana, or our brandy from France. This
list could of course be easily extended +to cover a multitude of
goods or services. All this brings us to the well-known utility
of place, which by no means needs such far-fetched examples as
those enumerated above. It rather implies that in order to derive

satisfaction from various commodities, we actually need selected




CTHESIS
ROBERT COLLEGE GRADUATE SCHOCL
BEBEK, IsTANBUL PAGE 5

assortments of them and that these assoriments will have to be
collected from an arbitrarily dispersed poéulation, The whole idea
of commerce traceable back to this bare truth. In order to do these
contacts with othérs, ardent efforts to dig up new possibilities
have proved %o be necessary. Thus transport produces "new utilities
of location" and removes the "disutilities imposed by &istance."g

No matter what the motivating force might be (economic
advantage, neé@sgity, pleasure, elc.) the movement of persons or
goods is a vital activity in all civilizations. Along with enhanced
economic activity due to approaching, albeit incrementally perhaps,
perfect mobility, based on the existencé of adequafe transportatior
we notice also an invigorated social and culiural unity on the

naticnal scale aud even, to some extent, on the internationzal one.

MInterregional contacts through travel and the exchange of goods

promote the.interchaage of ideas and the breakdown of parochialism,
thus encouraging an upward uniformity in tastes, health, eduéaﬁiaﬂ,
and way of life in general.“3 The spread of information and ideas
is stimulated through the.mebility of persons. Perhaps one of the
most significant achivements of increased mobility is that new
value judguents are attaine&, and also regional differences and
prejudices related to or resulting from them are alleviated. These

prejudices are the result of isolation and as isolation is reduced

Michael R. Bonavie, The Ecenomics of Transport(Cambridge
Economic Handbocks; Digswell Place: Nisbet{ and Co., 1966), p. 2.

JRQy J. Sampson and Mertin T. Parris, Domestic Transpor-

tation: Practice, Theory and Policy (WNew York: hHoughton Witfliin Co.
1966 ), Pp. 3-4.
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through improved communication, people arrive at a developed level
of undérstanding and in reducing sectionalism or regionalism, trans-
portation allows people %o achieve higher objectives and interests.
Transportation goes hand in hand with production. Whatever
is produced must be distributed. A quick glaﬁcevat the road maps
of a sanple of developed counitries on the one hand and of develop-
ing ones on the other would show, without virtually any need f
further analysis, how proliferated rosd networks can be easily as-
sacia%ed with developed economies. The degree of inter-connectednsess
of transporitation networks of some of the developed countries is
a striking evidence of the necessity of extensive transportation
facilities for sound economic develo pment. Studies oce transportation
activities of vericus countries have resulted in the establishment
of what are called mobility indices. One such study revealed the
positive correlation between the mﬁbility index and per capita
gross national product indexa4 \
Production requires a change of location of many items in
order to bring them together in the right proportions. The same is
true for &iSﬁfibution which enables to move products to those places
where they are needed. It is for this reason that transporﬁation
is so crucial an element in the economy. The annual passenger trans-
portation expenditures of the United.States for example, have

reached such a high figure as ©04.7 billion dollars in 1963, which

B

@Llffeé Owen, Strategy for beilitv ("The Brookings Insti-
tution Transport Research Program”j Waahlngbon, DeCo: The erQK$ngS
Institution, 1964), pp. 13-15.
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represenits roughly 20 % of the Uni@ed States gross nationszl pro-
duct.5

Transportation also serves to achieve the objective of
political unity within a nation, and in some ceses, also the objec—
tive of political influence beyond the territory of that nation.
The citizens of a country all deserve special attention as to their
relationships within the political framework of their country, and
national cohesiveness is not one of the lesser objectives. A well-
known saying in Turkish summarizes this aspect of %ransportation
so concisely:"Gidemedigin yer vatan deZildir." (Where you cannot go,
is not the fatherland,)

Another political aspect of transportation is reflec%éd in
the right of any independent and fairly developed country to regu-
late the transportation of goods and persons between its own poris:

cabotage. This is also of extreme economic importance, due to the
fact that the country desires not to see its economy run the risk

of incapacity or paralyzation under foreign control of the means

of %ransportation.

Demand for Transport in General

It has been argued that transport demands between job,
school, shOpping; visits with relatives and friends, and other

travel purposes'affect s Tamily's choice of a home 1acation.6

Sampson and Farris, op. cite, p. 1ll.

Lo RS 1]

Emery Troxel, Economics of Transport (New York: Rinehart
and Co., 1955), p. 145.
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This is in fact a very important point to which we shall come
back in the discussion of the gravitational model for transpor-
tation networks in Chapter IIIL. |

When we choose a site for a home what we are after is
to select such a place that the everyday activities will be car-
ried out at minimum dissatisfaction or maximum satisfaction or
both. The food and other needs should be obtainable by travelling
a reasonably low amount. Children must go to schoél and parents
to their jobs without having to go into excessive tfouble. Re~
creation and amusement centers should be sufficiently nearby.
This list could be extended to cover all of the basic and secon-
dary needs of the family members., In the same way, we can extend
thig line of thinking frdm the family as a human groupsge form
to society in general, a similar but larger human group. “hat
society is basically trying to achieve is much the same as the
family taken in a total systems context.\SOCiety is essentially
a machinery that has some inputs associated with.it, which
through a certain set of activities result in certain oubtputs
which ideally should be in line with society's own satisfaction
and welfare objectives. Sodiety needs many material and mental
safisfactions which require an organized effort to be produced.
Production is the prime function of society if it desires to sus-
tain its existence. But production requires activity, which in
turn regquires transportation. We cannot eliminate the inevitabili
or indispensability of transportation. All we can,saﬂd by all

means should do is to minimize transport in such a way that pro-
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duction per unit of transport is maximized. The concept of unit

of transport can be taken in any relevant neaning, e.g. ton-miles.

Transportation is associated with various types of inter-

actions:

1.

Interaction of people and people: This is the type of

~interaction which governs human relations, whether

2o

w
&

social or lucrative in purpose (the desire to visit
with friends, or the need to go on a buéiness trip)
Interaction of people and goods: This is the type of
interaction which reflects our material needs (the
desire t0 acquire a certain object)

Interaction of goods and goods: This is the type of
interaction which is necessitated by production requi-~
rements (the need to gather a certain set of raw or

semi~-finished materials for assembly or processing)

A1l of the above-mentioned types of interactions play a

lesser or greater role in the making of general transport activity.

The cost of transportation is a major determinant of the

demend for transport. Persons show a different willingness to

move depending on the distance to travel and also depending on

different end results to be achieved by travelling, As a result,

movement is realized only insofar as the comparative advantage

of travel versus no-travel is at least equal or greater than the

cost of transporvation itself. This cost also includes the oppor-

tunity cost associated with the time spent in traVSlling, This is

in line with our earlier statement regarding the maximization of
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the productivity of a unit of transport. As long as this réqui~
rement is met, all of the three interaction types enumerated
above will have their say in the shaping of the general demand

pattern for transport.

utlook of Air Transportation

The pattern of interactions outlined above taken together
with the cost of transportation, including the opportunity costs
incurred enhance the demand for air traﬁsport and entail the
result that air transport acquires the status of one of the most
important‘mades of travel., Needless 1o say, transport by air is
g costly form of transportation, but the savings of air transport
are reflected elsewhere. The considerable amount of time saved,
which increases at a great rate with increasing stage lengths,
reduces opportunity cosis %o a bare minimum. As for thé movement
of goods, time utility is reflected in such_things as the re-
duction of inventory holding costs, of the risk of production

interruptions due to raw material shortage, etc. The accomplish-

ment of "movement from one place to another with the least

7 is more and more possible

possible expenditure of timé and cost”
thfough,air transportation. |

The evolution of air transport has so far been rapid
and profound. In a mattaf of two decades aircraft speeds have

increased almost four times and the payloads have inecreased

‘Marvin L. Pair and Ernest W, Williams, Jras Economics of

Transporitation (New York: Harper and Brothers, 1959), p. 3.
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about ten times. Although not necessarily reflecting the industry
average, payload and average speed figures reléting to aircraft
of the same company could indicate the degree of development in
time. A 1946-built Douglaes DC-3 made an aversge speed of 220 km/hr
versus T40 km/hr of the present-day DC-8 jet aircraft. The res-
pective payloads of the two types of alrcraft are 2650 kgms. and
18800 kgms

Furthermoieg there has been a constant tendency of cost
reduction in the operation and maintenance of alrcraft which makes
it possible to.decrease the fares and which in turn entails the
fact that air transport reéches an ever-enlarging market. Civil
aviation has surpassed the forecasts of the most optimistic ex-
perts. Hight different forecasts for the'l965 tréffic estimated
in passenger-kilometers and a comparison of them with traffic
actually performed in 1965 is given in Table I,

From the speed vmewpolnt air transport has an unmatchable
record, due both to its intrinsic speed and also to its ability
to surmount geographical barriers.

As far as safety considerations are concerned, one may
say that air transpbrt today is probably the safést kind of trans-
port, although the public image of air transport sitill undervalues

its safety standards. But under the influence of time limitations

SFar a more detailed cowmparison, refer to:

Jean-Georges Marals et Frédéric Simi, L'Aviation Commer-
ciale ("Collection 'Que Saig-Je?'," Ho. 359; Paris: Presges Uni-
versitaires de France, 1964), pp. 26-27

®

Prédéric Simi et Jacques Bankiy, Avant et aprés Concorde
("Collection 'Société',” No. 253 Bourges. hdltlons du Seuil, 1968},
p« l)Eb
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on the general public on one hané, and of greater speeds achieved
by aircraft designers and producers on the other, air transpori
becomes manifold attractive even to the reticent proépective cus -
tomer. Thus more and more peaple become of the flying crow&,
because of this effect of aireraft iwmprovement and the increase

in the value of time for the general public. Due to the importance‘
of time utility, more and more people are brought more and more
often in contact with air transport and feelings of reticence are

progressively dissipated.

TABLE 1

COMPARISON OF WORID AIR TRAFPFIC BESTIMATES
AND ACTUAL PERFORMANCE FOR 1965

o . Forecast Percentage of
Origin and date (in billions of | estimated to
of study passenger-km) | actual traffic®
Boeing (1961) 188.0 94 %
T.P. Wright (1956) 185.0 9%
17AP (1962) 179.0 90
Douglas (1960) . 178.0 89
Convair (1960) 177.0 89
Canadair {1956) 169.0 85
Projet Forizon (1961) 161.0 21
A, 7.8.%(1960) 156, 4 79

Sretual traffic for 1965: 199 billion passenger-km.

?Institut du Transport Aérien.

Chesearch consultants for Hawker-3iddeley.

Source: G. Besse et G. Desmas, Les Prévisions dans le
Transport Adrien: Méthodes et Résultats (" Btudes 11K," No. 66/7-F;
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The airplene has been of great value by opening up iso-
lated countries into the world economy. The economies of other
than isolated areas have been helped significantly by air trans-
port which provided a further and iremendous step toward a more
perfect economy due %o enhanced mobility of goods, services and
persons. Air transport mekes possible the introduction of men,
their ideas and techniques into backward aréas of the world and
becomes the vehicle of such means of expression and thinking as
books, newspapers, films, etc. It provi&es accelerated exchanges,
and is in fact, an accelerator of exchanges. This is carried %o
such an extentltha% the alrplane has become a tool of prestige
end political influence.

Using available forces, a nation penetrates and tries to

fix relationships in the area beyond its specific boundaries.
Any political unit is a possible exaumple of spatial penetration
e « » o Hilitary, political, cultural, or econonic forces, or
combinations of these . . . can be used. . . . Operated in
these contexts, transport techniques are means to extension,
preservation, or minimum contraction of a political area.

The airplane transports everything, everywhere. It carries
far, quickly, and safely. These are the main strong points of air
transport. Today, it takes about twelve hours_tbvgét from Istanbul
to New York. Tamorréw, with the advent of supersénic transpordt,
shortly referred to as SST, the same distance will be covered in
about five haursg perhaps even less. This means that 1t will take

roughly the same amount of time to fly to New York as to drive to

Ankars.

Paris: Imstitut du Transport Adrien, 1966), p. 19.

gTrexelg op. cit., p. 31.
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Speed is only one feature of importance in air transport.

More important perhaps is the independence of the airplanes with

respect to natural geographic obstacles. It is especially on this

point that airplanes surpass other kinds of transport. As air-
planes acquired speed, they also acquired altitude and endurance.
The range of today's commercial aircraft reaches far béyOﬁd the
transatlantic distance, and even the transpacific émé, The north
pole which took so many years and so many human lives to be con-
guerad, is flown over several times a day now. The highest moun-
tain ranges coustltute no challenge eiﬁher.
This improvement in aircraft pérformanoe and security is
alsc accompanied by a constant decline in the cost of the trans-
portation unit: the passengermkilometer, "The cost of the seat-~
kilometer in today's alrplanes has always decreased. In fact it
is lower now than the cost of the seat-kilometer for stagecoaches
of the last ceﬁturyaﬁlo |
The constant decline of airline fares, the easiness and
comfort of air travel, and the universalization of the air trans-
port organization through such institutions as the International
Civil Aviation Organization(ICAO) and the International Air

Transport Association(IATA) meke air transport all the more

poweriul.

lOSimi et Bankir, op. cit., p. D,
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CHAPTER II

A PRESENTATION OF THE GENERAL TRAITS
| OF LOCATION THEORY

Before entering the presentation of location theory or
various models of locational patternudeveiopment,'let‘us warn
‘the reader that what we are trying to achieve is not to offer
a full-fledged description or formalization of thé theory, but
rather 10 elaborate a consistent approaeh to the determinants of
transportation activity, and only those elements of the theory
that shall.be deemed beneficial to the development of a certain
line of thinking will be included in the preéentation.

Exéept in those resort and retiremént areas where cities
grow up because of such attractions as unusual scenery, cli-
mate, or similar menifestations of nature, or legalized gam-
bling or quickie divorces, cities have been founded, have
grown up and exist primarily to serve the needs of commerce,™

Cities provide a congleomeration of people which function

both é& the elements of production and 6f'consumpﬁion in the eco-~
nomy. lLarge-scale manufacturing, distributién and storage, as well
as finaneing is thus possible. Together with this, a concentrated

market is available for the goods and services produced.

With this framework in mind, city location and growth can

1lSampSGn and Farris, op. cit., p.226
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be traced down to some elemenis of transportation. Cities origin-~
ally are established at locations where the exchange of goods and
services is most facilitated. They grow more prosperous together
with the presperiﬁy of these exchanges. As they grow in this way,
more people are atitracted to thenm, becauée of increased and better-
paid employment opportunities which arise. Since enough people are
available both as a labor force and as a consumer body, further
industry is atiracted. Existing transport possibilities enhance
this attraction. There is another side to this evolution, which
through what we may call a feed-back process, stimulates the deve-
lopment of still more improved transport services and the esta-
plishment of new roubtes. Therefore it can be admitted that trans-
portation and the city are influencing one another or feeding

back on one another for their simultaneous and balanced growth.

This process is schematically outlined in Fig. 1.

_ <
.

' R 5
o "‘i oo bl
< th TRANSPORT | CITY
— P
x p ettt bl
- R -
- g
T

in - New inhabitants(employee + consumer)

~ New industry
- prosperity
- goods and services to be marketed

JQ kg 1o
‘ 1

Fig. l--Feedback process between city and transport.
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What location theory is primarily concerned with can be
summarized in two types of problem. The first of these is trying
to determine where economic activity locates itselfl for the maxi-
mization of returns or why specific patterns of location come
into being. Th@-sécond type of problem is trying to determine
the optimal location for an economic entity with respect to an
already existing locational framework.

There are various theoreticians who have engaged in lo-
cation theory woxrk and perfected it %o a2 considerable extent. It
will be worthwhile o review the general features of the theory
within the freme of this thesis. Clasgiés‘such as von Thunen and
Weber cannot be omitied. However net 1o go into the work of au~
thors such as Hoover, Greenhut, Isard, ILosch et al. would not be
detrinental to the developmnent of the Tundamental line of thinking
of this study. Wé:méy further agssert that they 1lie beyond the

scope of this text.

Von Thuﬁen‘s Model
Von Thunen's theoretical work relates systematically

transport costs to specific locational paﬁterﬁs'within an agri-
cultural context. It is a highly abstract and simplified theory
" which is based on utterly simplified assumptions. Von Thunen as-
gumed an isolated state of affairs where there was a city esta-
blished at the center of a large plain. The plain was used for
agricultural purposes and showed egual properties throughout its
area regarding clinmate, fertility and surface characteristics.

The city received all its agricultural products from the plain
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considered and was the only market available to the farmers on
thie plain. There was but one type of transportation availablé to
everyone at all points on the plain moving on a straight line to
the city and {ransportation costs showed a linear relationship
with respect to diqéamoe@

Depending on the nature c¢f the product, von Thunen's mo-
del results in an array of concentric cercles, the center being
the city itself, which delineate the zones where certain crops
proved 1o be more profitable than others to éultivate.

Items that are predominantly perishable Qr’aré.less va-
luable per}ﬁniﬁidf welght will have tQ be proauoed near the city,
whereas thosé'%hat are less perishable or nore valuable per unit
of weight will tend to be produced fuxther away fFrom the city.

Although’his model was extremely abstract, aﬁd his as-
sumptions were Eighly restrictive, von Thunen's model has proven
to be an iwmportant contribution tb the phildsophy of transpor-
tation economics. By virtue of the fact that his assumptions were
indeed highly restrictive, the theory highlights impeccably the
-effect of distance in the development of 1ocaticnal patterns and
does so in a systematic fashion, by letting all other things

remain equal.

Weber's Model
As indicated at the beginning of the chapter, only a
special case of Weber's model will be discus&éé for reasons pre-
viously mentioned.

Although what we are going to review is only a special
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case of the Weberian model, it is nevertheless perhaps thé one
that is the wmost comparable to the majoriity of real world indus-
trial location problems. Let us suppose s productio&kprogess
which reguires two different types of raw material situaﬁed‘and'
obtainable at twé different locations. Assume that the market
area for the rinal product is neither at any of the locations of
the two raw materials, nor on the prcléngatioa of the straight
line eannecting;ﬁhem, The two raw materials Will lose weight in
processing or manufacture, il.e., they will both yield some scrap.
Assume furthermore that labor costs are the same regardless of
the loecation, at least for the purposes of this analysis, The
transportation costs, as in von Thunen's model, are linearly de-
pendent on distance,

Under the circumstances just described, é triangle will
be formed when thévthree points representing the two raw material
locations and the market are comnected to one another. It is
eagily noticeable that production will not occur at any point
outside the itriangle, since this would entail more transportation
than necesSary.;It must oceur then, either on one of the sides or
one of the corners of thevtriangle or at some point within the
inner area. It can be shown that since both of the raw materials
lose weight during the production process, the final product
should be produced at a certain point within the inner area of
the triangle where the two raw materials will be brought and from
where the final product will be shipped to the market location

at & minimum total cost of traﬂSportation7 Such a Weberian indus-
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trial location triangle is pictured in Fig. 2 below,

S ’
~ Vg
~ N , ,
~ L7 / 1-Raw material socurce

\\ P/ | 2-Raw material source
! P~Production point
: M-Market
i .
M

Fig., 2.~-Schematic representation of the Weberian indus-
trial locatlon model.

The exact determination of the p?oduction point that
will yield the minimum total transportation expenditure will
depend on the relative quantities of the raw materials used,
and their weight-losing properties.

Aé it may be observed, this model is in close parallel
with the center of gravity concept in physics resulting from the
relative attraction forces acling on a system, whereupon the

system comes to an eguilibrium at its center of gravity.
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CHAPTER III

TOWARD A JUSTIFICATION OF GRAVITATIONAL
OR INTERACTION MODELS

Various models have been especially designed for analyz-
ing « « « y or for measuring or predicting the interaction
between areas., » «

In general, this latter group of models postulates that
gize of an awea or city exeris a demand "pull" and that dis-

- tance brings a supply "drag." Trade or other interaction be-
tween Two cemnunltles varies positively according to their
gizes and negatively according to distance. In the simple
gize~distance formulation of such models, there is an implic-
it assumption that other factors are equal, On the demand
side, this means similar cultural, social, and physical envi-
ronments, and income levels; for supply, it means that dis-
tance, usually under a straight-distance formula, is the only
pertinent cost difference to be overcome. . ., .

Various . « . gravitational models . . . have been de-
veloped for specific purposes. If viewed simply as first-ap-
proximation exmlanatory devices, these models may be useful.
Desnlue the sometimes extravagant claims of some of their
builders and users . . . s thelr success in actual prediction
has not been spectacular,

& L) & ® @ [ 8 3 & 'Y ® s ') % 3 ¢ Y ® & & ' e S ] ® ® - » +

In addition, no one has conclusively demonsirated that
population size alone generally determines the attraciion be-
tween different communities in a Newtonlan sense. Gravity mod-
els which exclude by asssumption numerous physical, sccial,
cultural, and income factors, and institutional ties, are
likely to exclude thereby the major forces of graV1tat¢0nal
attraction, L

The abﬂvg guotation has been 1acowporabed in this text de-
spite its length, because by its denial of the predictive abili-

ties of gravitational interaction models, it puts the reader on

128ampsoﬁ gnd Parris, O0p. ¢it., pp. 232~33,
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the defensive and would therefore (hopefully) make him more con-
vinced of the virtues of such models as a result of an attenpt
for persuasion with this initial defensive attitude than without
it. Furthermore, and paradoxical as it may seem, it gives clues
for possible means of improvement of gravitational interaction
models, by viriue of the fact that it points out common deficien-
cies of such models.

We have seen that demand for transport is generated by
the channeling of economic activity and is an integral part of
it. We have also argued that transport was inevitable and even
iﬁdisyensable; lest we resign to the céésation of\acﬁivity in
general.,

Since we cannot eliminate transportation altogether, we
must minimize transport in such a way that}production per unit
of transport is maximized. This leads us to the concept of center
of gravity which, as we have seen, is reflected in the general
outline of location theory, namely in the Weberian industrial lo-
cation model, )

As 1ong.as there ig economic activity going on at various
locations, there is pound to be some form of interaction between
the different sets of activity. But the crucial question is how
to measure this interaction in a relevant, reliable and further-
more practical way so as to attain workable resulis. Of course it
ig understood that economic, éocial or generally human interaction
éoﬁld not possibly be measured in such clear-cut fashion as actual

’gravifational attraction is measured, i.e. simply by measuring

“the size or weigﬁt of the respectively interacting masses in
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common weight units. However a ceriain analogy can be depicted
and hopefully through an inductive process, certain relationships
can be brought to light.

some Form of weight measure can be devised %o aceurately

define fthe importance of various locations with respect 1o one
another and in terms of certain indicators of which the relevance
could have been determined beforehand. One can dQ nothing but
agree with Sam@sen and Farris in that population size alone cannot
possibly be one such meagure. But why set forth this criticism
and stop going any further, discarding the whole idea altogether?
Yoy condemn a gmﬁsept‘simply because '"no one has zgg {(italies
mine ) aanelusivéiy demonstrated . . . the attraction between diff-
erent communities in a Newlonian sense"?13 Certainly population
size iz not the sole deferminant of 1nLer~community attraction,
but it is a component force in the whole complex of forces that

termine attraction as a whole, There is no doubt that transpor-
tation aciivity is felated to certain attraction ?Dycesg and
where forces occﬂrg some form of a gravitational concept can be
of relevance, because the existence of fofces readily implies
the existence Qxieither attraction or repulsion or both.

What we are after is a general definition of a measure

relating %o a certain index of mobiiity‘patentiale The index

£

values will then be used to determine the exfent of point-to-

point attraction within & certain system. The fotal system con-

-

cept ig of extreme importance here. By virtue of the fact that

lgSampson and Farris, loc. cit.

e
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we are dealing with gravitation,-we ipso facto are dealing with

a resulting equilibrium therefrom, and assuming this end result
of eguilibriuvm, we have to define the system totally and inelude
all relevent forces and their effects in reaching this very equi-
librium} Therefore, unless we can legitimately and fairly accu-~
rately agyraxzﬁz te the effects of any extraneous forces by intro-
ducing an extra peoint representing the outer system under some
such heading as is7}:‘(—38‘&; of the world', gravitational models will
have %Q be applicablevonlyrto closed circult systems and the anal-

ysis will be in terms of the parameters of this closed circuit.

Pactors Affecting the Volume of Travel
In assessing the volume of travel, we have to first deter-

mine the important factors af fé tlng the volume of travel, and to

"do this, we can proceed through a rigorous study of the travel

centefs, i.e. departure and destination points. We can classify
these factors in the following fashion:
1. Bconomic and social characteristics of travel centers.
a) Commeréial cities, where the dqminating activity
is trade.
b) Industrial cities, where production activity is
the prime factor.
¢) Institutional centers, where commercial and indus-
trial activities are not very important but other
activities such as those related to existing gov-~
‘ernmental organizations, educational institutions,

or touristic facilities are witnessed.
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2. Geographic situation of travel centers with respect
to one another,
a) Distance with respect %o other centers.
b) Presence of natural ground hindrances (mountains,

lakes, straits, etec.) along the travel span.l4

Additive versus Multiplicative Indices
An index used by the Civil Aeronautics Board of the United
States in order'te estimate the relative importance of traffic

between a cityVﬁrand cities B,C,D,etc. is the passenger traffic

ratio p defined as:
where:

P: Population of A

e
it

— P': Population of B,C,D,etc.

d ¢ Distance between them

.The result thus obtained is used as a ranking index be-
tween the various air connections. It is to be poted that the J
demographic grcduét rather than the demographic sum is used in
the formulation of the inéex‘ A numerical example will suffice
to Justify the"adggtion of multiplicative indices rather than
additive oneée:Leﬁ there be four cities A,B,C, and D. Iet their
populations be 500,0005 500,000; 999,000; and 1,000 respectively.
Using an additive index, we would have

A+B= C+D 1,000,000

Supposing the distance between A and B to be equal to

Uope factors thus enumerated will be explained in detail
and their relevance discussed later in the text.

BOGAZIC! \;im\zgasmsz KUTUPHANESI
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that between C and D, an additive index would indicate the same
amount of interac#i@n between the cities of each set. However,

it is selfmevi@ént that A and B will have a much largér traffic
between them ﬁhén that between C and D, since the latter is such
a negligibly small town. But the multiplicative index wéuld give
a much clearer picﬁure of the real-life situation as the follow-
ing figures indicate. |

3

AX B = 2,500 10

CxD

5.99 x 10%

Presentétion of Various Mpdels already in Use

Ge Desmas has compiled various methods of traffic esti-
mation in air transportol5 The following is taken in summary form
from his study.

1. Study;by”SgBa Richmond: "Forecasting Air Passenger Traf-

fic by Multiple Regression Analysis" (1956)16

After an analysis of ezisting traffic, a search is made
for a relationship between this trafiic and "common interests,”
distance and quality of existing services between the two points
being studied. A number of characteristics of urban centers, such
as ecaﬁcmic, soecial, cultural, and demogiaphic factors are consi-

dered. Especially the population and the distance have been par-

15@» Degmas, Méthodes d'Btude du Marché dans le Transport
Aérien ("Etudes ITA,"™ Ho. 04/11-F; Paris: Institut du Transport
Kérien, 1964), pp. 23-32. .

161 formation regarding the individual studies considered
are reproduced as they are related in Desmas' study. It will be
noticed that they are unfortunately incomplete as to the facts of
publication. o
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ticularly examined in the quest of an applicable formula. The

number of travelers registered in hotels according to their per-
manent residences hag been used as a criterion in developing the
model. The genefal shape of Richmond's model is reflected by the

following formula:

PP,
T, .= K
ij D
ij .
which express f the traffic T i3 between two towns of populations

Pi and Pj separ; ad by a distance D ig°

2. Stuay by Daniel i. Belmont (University of Callfornia)

"A Study of ALrllne Inter-Station Traffic" (1958) .

Belm ’ﬁ model ig of the form

(p,-7.)P
T. L= K..—»}-’»—J——m Q\

He interpreted the minor influence of distance on long
routes, pbecause g is calculated to be less. than one. Desmas as-
serts that thig model can be used to estimate potential air traf-~

fic between two towns which have no air service,

R Sﬁudylby W.J. Platt (Consolidated Vultee): "Hvaluating

Intercity Adir Traffic" (1946)

This study is based on the'relationship t0. be found on

the following page.
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P,-P

t = ket 2
d

where t 1is the traffic between two towns of populations Pl

and P, at a distance d from one another.

4. Study by S. Tomasino: "Contributo per il calcolo di un

indice della distribuzione territoriale della clientela potenziale

dei servizi aerei in Italia® (1961)

Tomasino tries to establish an index of local activity of
regions of Italy by a calculation based on fouriteen economic para-
meters (number of bank accounts, use of telephone, wages, hotels,
etc. ) The value for the regional index is then expressed in per-
centage value for Italy as a whole. Recorded traffic at Rome air-
ports is used to estimate the theoretical traffic for each region-

al town.

5. Study by Dr. Ing. H. P. Piper: "Die Netzanalyze als

Grundlage fir Iufiverkehrsplanungen" (1957)

Dr. Piper sug: kifo}

ests a2 formula of the form

R, R
172

Eﬂ

oy

where Rl and RZ are representative of the air traffic potential
of the respective cities and notes that accqrding to American
studies, 1t would seem that wholesale furnover or the number of
employees in indugﬁry can be used for R.

Piper's model contains certaln interesting refinements
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such as the inclusion of the timeésaviﬂg factor in air travel

T 4.3 . 5 - FPTO e N ey H : T 4 B -
ana wae price per unit of time saved, which are supposed to be
included in the factor ¢ which should not be accepted as a

constant. Yhe time-saving facitor is expressed as

T .

Z- - - Cll-L
4B T T
around

The price per unit of time saved is expressed as

P, =
air Pground

T o = .
air Tgrcund

where P rvepresents the price and T +the duration of travel. The
subscripis are self-explanatory.

All of the wodels reviewed above present certain common
poiﬂtge No matter what the details of the various formulae may
be, one notes right away that the town sizes are in direct pro-
porticn to the volume of traffic, whereas distance between the
towns exhibits an inverse prdportionality3 which is very inter-

esting informaiion for builders of other such models.




b 3 F il Ed
THESIS
BOBERT COLLEGE GRADUATE SCHOOL
BEBEK, ISTANBUL ’ PAGE 3G

CHAPTER IV

APPLIGATION OF THE GRAVITATIONAL PIOW CONCEPT
70 CLOSED~CIRCUIT AIR TRANSPORT NETWORKS

A Eo*walﬂzablon of Point~to~point Network Flows
‘in an n-point Closed-circuls

Preseﬁtaﬁ;on.~~Let us define a closed system in which
there are Variéﬁé airports 1écated at n differen‘t‘pointso Air-
line services aré[operated between a>number of these airports.
Certain airporﬁsfmay be connected to all of the other airports,l7
certain othersqﬁayAbe not. If we use two counters or subscripts
i and j denoting the origin and desiihation of travel and P
denoting the nuﬂbé: of passengers, Pij will represent the num-
ber of passengérs:carried from 1 %o J within a certain pericd
of time. By the use of this notation, we will obtain a matrix
where the ith' row will contain figures representing the number
oi passengers departlng fram i to the destiﬁatioms 1, 2, 3, . .
e s Js ¢ « o 5 nj and the jth column will be constituted by
figures representing the number of passengers arriving to J

from the origins L1, 2, 3, « « « 5 1, « ¢« « 4, nj subject to the

limitation that the terms along the diagonal, namely Py Foos

!The said connections need not be non-stop connections.
However, transfer connections are not-acceptable within the scope
of this definition; whereas all direct connections are.
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1 2 3 L3 & * » J L4 @ - ® * n
& Egl sz PQB * @ sz ® s & P2n DZ
&
.«) P31 P32 P33 L ® L * » L e - L3 * L4
§o
1 Pil 12 ® & L * * Pla » e ® Pin Dl
o
i }.}nl J.ng © e & L ® ﬂa ® - & nn Dn
Al A2 . . AJ . . Ah S
fge 3.-~Point-to-point passenger transport matrix (Gener-

al form. )

Pyga o o 0 5 B, will all

tation, this beconmes:

P 0

¥k =

In this fashion we
transport matrix, shown in

of the matrix, we find the

airport regardless of destinations. These are Dl’ Eg, « s o 4 D

be equal to zero., Using a shorter no-

fOI‘ k = l’ 2, 33 ¢ ® Ld ,n

obtain a point-to-point passenger
Pig. 3 above. On the right hand side

total number of departures from each

is‘

o & o 3 Dﬁ, Just in the same way, at the bottom the total number

ES

of arrivals 2% each airport regardless of origins are tabulated:

Al? Ag, € & & ’ n&j?

s

oo

e e s Ann 7 RV
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let us assume that we know only the Di's and Aj‘s and

we would like to aéﬁ%Q%Qéﬂﬂ%hem to the variocus cells of the ma-
trix in a consistent manner. Let us furthermore adopt the prin-
_ciple of proportiocnal alloég¥igﬁ of fow totals according to col-
umn totals and of column totals according to row totals.

The resulting relationship that would yield the individ-

ual cell values will be then:

D, A, D, A,
- i 1]
.= = ——
3.@ - L’I‘.’D?_ ¢ e @ +Di e e @ +Dn ZD-
L=l 1
D. A, D, A,
o= L J i 7
or P..T ! ™
3,;} l“r;"&"ﬁ‘ e o » ¥ A . o s o F An A
L2 3 % Ay

- Since alli departing planes will have to srrive some place,

by definition we have:

n n )
z D, = Z A, = 8
=0 i . J
e J=l
§
Then Pij ig conveniently expressed as:

&
c.%.
ja
s
ot
G’\

relationship does not satisfy the constraint
Prye = 0 for k=1, 2, . « . , n

- ¢
In fact, thig is the reason that we use the Pij notation rather

than sinply P, ..
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In order to eliminate this inconsistency, let us further
proceed %o a second proportional allocation, whereby each P;k
term will be considered as made up of two parts, one of which
will be allocated 1o the (n«l)'terms of the k& roﬁ,,and by

the same token, the other to the (n-1) terms of the kth column.

H L] §

:%ﬂcz Ekk~fow'+ Pkk»column
? ’ T ‘
Lot D - By v B = Py o
or P — T -Pkk-l- t ".Pkk
De¥ by m2 Py ™ D¥ A -2 P

ne Tivst term of the above equation represents that part

o o o . th
i the cell value aty the intersection of the km row and the kth

43

column (therefore diagonal cell) which is to be apportioned to
. 5 o th L .

all the other cells of the k row, and similarly the second term
of the equation represents that part of it to be apportioned to

. . L h o e aa
all other cells or the k ~ column, as the subscripts indicate.

This apportionment will be proportional with respect to all terms
of the row {or colurn), except of course to the diagonal one. By

]
doing so, we obtain an adjusted value for Pij which we will de-

*%*
note by Piga

? L

: P.. P..
P, =2 (1 ot wEy
ij i3 Di+Ai« 2 Pii Dj*Ajm 2 ij

We have thus obtained a formula by the use of which we

can apportion total figures to the appropriate cells always in

B oL N .

fmaimmasaon
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compliance with the requirement of!hav;ng zero-value cells along
the diagonal of the poilnt-to-point passenger transport matrix.

The defivation procedure above and the relationShip arrive
ed at itself could perhaps be viewed as an absurd mathematical
artificiality which'serves no constructive purpose. However, when
regarded as the first phase of an effort to obtain a workable for-
mula relating gravitational flows in a closed system, we see that
except for a term represénting distance, there is nothing missing
in the Pig relationship, which in effect is starred siﬁply be~-
cause the final relationship has not yet beéa attained.

In order to include the dimension of distancé, we proposé

the following adjustment:

€
« V1]
P13 ¢ 37
1]
where dij : distance between points i and j.

ol ,[5 8 constants (parameters of the system)

& .
The term e 1is a constant introduced for purposes of
correction of units. It has been taken in exponential form in
order to facilitate the application of linear multiple regression

on a logarithmic scale by the application of the formula

L £ 3
In, Py = & +/3 In, By + 7 Ing 4y
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Concept and measures of connectivity.--In order to get
a general appreciation of flows in closed-circuit networks, let
us review the properties of conunectivity associated with such

networks.

The word connectivity expresses the existence of 11nkages
between elements, and the possibility for these elements to
communicate among them. . . .

A1l pT6019mb involved with the circulation of economic
"obgects” {persons, goods, credits, debis, 1nformatlon) be-~

tween economic "locations" (countries, regions, urban or rur-
al centers, industrial loeations, loading and unloading
points, machines of a chain, persons of an economic organi-
zation or establishment, groups of a complex economic set,etc. )
can be represented by what is called a gragb.l

® L] 5 & . @ e . ° s » L] @ & . L] ® . L] *

& L] L] e L
The most general property [of a 6raph or ne twork] is that
of the guantitaitive ex1stence of linkages in a network, i.e.
of connections between the various types of economic "lo~
cationg”™ that one could VlSH&llZi& or graph "nodes" (quanti-
uaulvm measure of connectivity.) :

e will say that there is connectivity between two lcw
cations as long as exchanﬁes are present between L% M ”ﬁese ex -
changes could be performed either directly or indirectly; i.2.
through intermediate stops between origin and destination pointa.
The concept of connectivity also brings forth‘the concept of de-
gree of connectivity. When there is direct connectivity, we speak
of firstudegree’eonnectivity, and when connection exists but in-~

th

directiy, we speak of n~ ~degree connectivity, n being the number

lgﬁrbés atates that "for abstract definitions of connec-
tivity notions" the reader can refer to. :

¢, Berge, Théorie des Graphes et ses Applications (Paris:
Dunod, 1958)

A, Ksufmann, Méthodes et Modéles de la Recherche Opéra-
tionnelle (Paris: Dunod, 1959), Tome Il.

lgRobert Erbés, L'Intégration Bconomique Internationale,
tpans. Hasan Akbelen ("Etudes Economiques Internationales®; Parls.

Presses Universitaires de France, 1966), pp. 107-08.
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of intermediate peints minus one.

| a) Connectivity number.-~This number is taken as the
number of linkages between the nodes of a ne%wcrk, without ref-
erence to the direction of flow. So in an n-point ﬂetwork, the

minimum connectivity number will be

Nmin“'n -1

The maximum number of connectivity will be then

-

n (n ~1)
N =
max 5

In this type of a neitwork we obtain a trianguiar matrix
of which the diagonal contains zeros only and all the other cells
are elther one, expressing merely that connectivity exists for
the comnection represented by that cell, or a'figure relating the
quantity of the economic object taking part in that flow as a

L A - %
'l‘g)x 2 i\@;

result of the existing state of connectivity. (See

| We note here that in any connected network, it is always
possible to proceed from one node to another, but for the case
of the‘ﬁinimally connected network, the number of poss;ble route
options is only one. |

b) Actual connectivity ratio.--If we denote by N the
actual number of existing connections (direct or indirect), the
actual connectivity ratio is defined as
Nmax
N

C.R

[l
Lg e

¢) Connectivity index.--The actual connectivity ratio is
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POINT-TO-POINT PASSENGER TRAFFIC ON'TURKISH‘AHNJNES DOME%TM: NETWORK(Swnmer1963)
ST [apalaFy [aNk | AYT [BOM|BTZ[BZI |DIVE{ERC [ERZ |[EZS| IST | 1ZM| KYZ |MLX |SSX|TZX |VAN|VAS
ADA 5682 | 7440
AFY 21 21° | 185
ANK | s3s4 | 63° 798P 4509 | 445 | 3047 | 1564 | 46335 | 10426 | 401 710° | 2886 | 3681 | 1189 | 429
AY T 36° | 784° 5791
‘BDM 6705
BTZ 18956
BZI 847"
D1y*® 5088 2221 329P 1781
ERC 585 30 511° u7®
ERZ 3143 | 23 2173 m
EZS 1429 904 154
|ST | 6827 | 207 46108 | 5541 | 6853 | 18393 | 875° 1920 |. 468 | 2272 | 775 45711 | 844 | 731" 2676 | 3522 | 507 | 669
1 ZM 9807 | 43842
KY/ 486 85 658
ML X 1078 217° 791° 95P
SSX 3119 2280 427"
T7ZX 3696 2777 | 420°
VAN 1246 1931 470 95°
VAS 510 77 | 1:70 517

3Figures for Batman are included in those of Diyarbakir.
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unfortunately not a good indicator of the state of the network.
It does not tell us whether new linkages should be added or
existing ones should be deleted in case there are redundancies

in the network connections.

S0, we define the connectivity index as

CtIQz N had (n - 1)= N - Nmin

where § denotes the number of existing linkages as before.

S0, for a connected network we have

N’_;; n -1

Then, if €, 1.0 , wes say that the network is not con-

nected, and if C'I’>’Nﬁax - ¥ we speak of redundancies in

min ?
the network.

Applying these concepts to the Turkish Airlines domestic

network, we obtain the following results:

N

42
19

Vpin= 19 - 1=18

n

19x 18

Nmax= ———5———-= 171

171
42

C.Be=

=4,07

C.I.= 42 - 18=24

N [
WA o Aw ACLWPTMLY  vRLUE  fon ch. CI-
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Determination and Use of the fnpirical
Poimtmt0~pqint Network Plow Model

General properties of the model.~-The model Which we are
trying %o determine will be based on interaction forces existing
between Turkish cities and will attempt to determine quantita-
tively the degrse of exchanges of persons between them in terms
of airline passenger figures, |

As we have tried to develop the ides of a total systen
so far, and based on it we introduced the concept of connectivity,
in order %o determine the equilibrium plane of the system on
which the results sought will be found, we have %o correct the
presently available data to fit perfect connectivity conditions.
Then and only then; graﬁitational interaction forces can be le-
gitimately used. This is’necessary in order not to sacrifice
consistency. } |

Our main assumption will be that the weight of a certain
city for the purpose of determining gravitational attraction,
can be defined as made up of a combination of various relevant
soclo-egonomic variables, each playing a determined role to a
determined extent. his Weight can be sald to represent an index
of mobility potential for the city considered and rather than
using any arbitrary scale of measurement units, we shall arrange

the model so as to reflect by this index the number of potential

arrivals or departures (not their sum) to the airport of that
city. Furthermore, 1t is logical to assume that the number of
air travelers using the airport of a given city is a good surro-

gaté of the weight of that city in terms of air traffic potential.
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Secondly we are going to assume that the general gravi-
tational formula developed earlier (see p.34 ) will hold for the
total sysﬁ@m, which is in our case the domestic network of Turkish
Airlines. This assuumption merely states that the parameters 0(,/5 s
and ¥ will be applicable to the totality of Turkish cities.

Thirdly, we will state that the estimates derived from the
model shall be deemed reliable, with the understanding that they
will of course be subject to a margin of statistical error, for
those alrline conaections that already were in operation and whose
air travel data hés been used for the building of the model. How-
ever; the estimztes for those connectioﬁs that are presenily non-
existent shéulﬁ cautiously be taken as merely an indiecation of
the order of magnitude or importance of any specific connection,
had there actually been such a connection,

The next chapter therefore will deal with the application

of this model to the Turkish Airlines domestic network.
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CHAPTER V

CROSS~3ECTIONAL ANAIYSIS
OF THE DOWESTIC NETWORK

B
OF TURKISH AIRLINES

Setting the Basis for the liodel
As we have made clear earlier, ome of the essentials of
gravitational models is the determination of the relative weights
of the cemmumitiés considered. We have said aso that these Willy
be assumed to bear a relationship to certain socio-economic faé-
tors which will form the basis of the analysis. Iet us now review
what these soclio-economic factors will be and why they have been

chosen rather than others.
A, Socio-economic factors influencing air travel.

1. Urban population.~-The city's economic activity is
largely determined by the size of its population (ef. location
theory, Chapter II@) The very fact that eny activity will be due

to the people originating it makes population a sine qua non re-

guirement in a list of socio-economic factors. But what type of
population? Certainly, since we are considering a special kind
of transport, namely that which is done by air, we would be en-

titled to choose urban population rather than population in toto,
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at least for the case of Turkey, where the population in higher
income brackets is largely accounted by urban population.

2. Litersie population.~-For the specific case of Tur-
key where the degree of illiteracy is considerably high, the éig—
nificance of literate population rather than population per se
was thought to be worthwhile to investigate in the context of the
regreﬁgibn analysis. |

5. Bank deposits.--The volume of bank deposits reflects
the prosperity of ﬁhe urban community, considering that most of
the banks are located at urban centers in the first place and that
the rural population's savings can be assunied o be small in com-
parison to those of the urban one. Private and commercial deposits
have been included in the figures and official government deposits
are excluded. It is cleayr that air travel requires a certain mini-
"mum level of prosperity. Bank deposits rather than income tex
revenues have been accepted as a better indicator of prosperity,
because of the notqrious unreliability of income tax figures re-

. ported by'taxgayersq

| 4. thuasber of firms.--When considering the number of
firms, two basic categories have been accepted as reflecting prop-
erly the general commercial activity of the towns considered.
These were the joint-stock and limited responsibility companies.
It is generally sccepted that business accounts for a large part
of air travel. The percentage of business Itravel in the United
States is.go.per cent. "The United States is the leading 'consumer

society' and yet . . fthis figure shows],that, as yet, really

Q;{&
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~quite a swall proporiion buy air trével out of personal inoomen"zo

5, Quantity of electrical energy used fér*iiluminatian.u
The consumption of electrical energy is a good sign of prosperity
and of consumption expenditures in general, Since what we are lock-
ing for here is an indication of consumption expenditures of indi-~
viduals, lndugtr&al consumption was not ineluded in the figures.

6. Nunber of transient facilities.—-

| 2) Overnight accommodation: The number of beds offer-
ed by hotels, motels, pensions, etc. has been taken in order to
have.a measure of the town's atiraetion power.

b) Restaurant capacity: The number of restaurant seats
has been included in the analysis for the séme reason as ovérnight
accommodation capacity. |

The analysis is assumed to show subsequently whether
either one or both are significant in the de;ermiﬂation of air
traffic potential.

7. Humber of private automobiles. --The ownership of an
automobile is a good indication of prosperity, especially in Turkey.
Ther&fares the mumber of automobiles can be expected to show a high
correlatlan with sair traffic.

8, Number of registered radios.--The number of register-
ed radios is quite a reliable figuré in Turkey and is perhaps the
\iny reliable figure available for anything in the category of
household appliances. This'also was expected to be, to a certain

extent, an indication of the degree of prosperity.

Vgack L. Grurbridge, Marketing lansgement in Air Transport
- ("Business Management in Transport"; London: George Allen and Unwin,
1966)9 P 44’“
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9. Humber of telephone subscriptions.--Telephone sub-

scrlntlons are scarce utilities in Turkey and constitute even a
commercial coumodity, since they can be disposed of by ﬁay of
trade. Therefore, they can be expected o be a very good sign of
the availability of disposable incone.

10. #easures of outside connections.--

a) Number of letters exchanged,

n b) Humber of telegrams sent and/or received,

¢) Number of completed long-distance ecalls.

A1l of the above are by themselves measures of inter-
action with other communities. Since they reflect a tendency to-
ward long-distance interests, they can be expected %o bear a re-~
lationship to the extent of air travel.

11, Humber of associations.--The weight of a city is
alsc accounted for by its degree of 1nst1tutioaa11zat10n. The
nunber of associations presently active in a city can be accepted
as a measure of the degree of institutionalization, if nothing
better is availabl@,Zl

- .12, Fumber of passengers transported on the highways.~--
Although air transportation is in many ways differént than ground
transportation, an aiready existing ground traffic can bhe inves-
tigated as to whether it bears a relationship to potential air

traffic. At any rate, as a prime facie assumption, we can say it

would be relevant to include it in the formulation of a mobility

2lone government employees would have been a very good
meagure of the degree of institutionalization, especially to ac-
count for Ankara's air traffic. However, tth precious data could

not be obtained..
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index,

All of the above-enumerated variables are to Be found in
Appendix A. The data is given for each of the sixty seven provinces
of Turkey. Since there are not sixty seven airports in Turkey, but
nineteen, we are going to assume that the nineteen airports of
Turkey will coﬁstiiute nineteen different regions to which one or

more provinces or part of them will be atiributed.

B. Determination of the hinterlands of Turkish airports.

It must uwnfortunately be admitted that no study relating
the passenger profiles of each airport broken down with respect tcv
the provinces of their permanent residence has been found by the
writer of this %ext. It would have been very beneficial for the
results of this work, if we had this information (e.g. of the air
travelers departing from or arriving to Ankara, x per cent are
from Ankara, y per cent from Bskigehir, z per cent from Cankiri,
etc. ) Since this is not the case, our only possibility is resort-
ing to camm@ﬁ sense and assoclating provinces or portions of them
with individual airports by wmore or less educate& guesses, i.e.
by putting ourselves in the place of a resident of a particular
province and taking into account the relative proximity of nearby
airports and the most probable directlons of travel.

This allocation will be as follows:

Adaﬁa(ABA)gg : Adana +2/5 Konya + Igel+ Hatay + 1/3 Maras

| + 1/3 Nigde + Gaziantep + 1/2 Urfa

QQThe abbreviations in parentheses are international a@ra
port name codes, and these will be used throughout for the various

tables.




THESIS

ROBERT COLLEGE GRADUATE SCHOOL
BEBEK, [STANBUL PAGE 46

Afyon(AFY) : Afyon+1/5 Konya +1/2 Ispafta1—2/3vKatah§étf”
+ Usak +1/3 Eskigehir +1/4 Denizli

Ankara (ANK) : Ankara+2/% Hskigehir + Cankiri +Bolu + Corum

+2/5 Konya +3/5 Yozgat+1/2 Kirgehir

+ Kastamonu + Zonguldak
Antalya (AYT) : Antalya + Burdur +1/2 Isparta
Bandirms (BDM) : 2/3 (anakkale |
Bursa(BTZ) : Bursa + Bilecik +1/3% Kiitahya
Ballkesir(BZI)b: BallkeSif-*l/? Ganakkale 7
Eiyarbaklr(DIY} ¢ Diyarbakir +1/2 Urfa + Mardin + Siirt
Brzincan (ERC) : Erzincan
Erzurum(EEZ)»: Erzurum + Kars + Agri +1/2 Ius
Elézzé(éZS)": E18218 + Tunceli +Bingbl +1/2 Mug
is%a&bﬁl(%é?) ¢ Istanbul + Tekirdaz + Edirne + Kirklareli

| + Sakarya +Kocaeli -

Tzmir(1zi) : Izmir+ Manisa + Aydin +Mugla + 3/4 Denizli
Kayseri (KYZ) : Kayseri + Nevgehir +1/5 Yozgat +1/3 Mafag

+ 1/2 Kirgehir+ 2/3 Nigde
Malatya (MIX) : Malatya +Adiyemen +1/3 Marag
Samsun {$SX) : Samsun + Sinop + Amasya + Ordu + 1/3 Tokat
Trabzon (TZ2X) : Trabzon + Giresun + Gimiishane + Rize + Artvin
Van (VAN) s Van+ Bitlis + Hakkfri
Sivas (VAS) : Sivas+ 2/3 Tokat +1/5 Yozgat

After having assumed the above distribution of hinterlands
accéar&iﬂg to airports, we shall determine all socio-economic var-

iables for the region after the specified pattern.
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A Recanstructlcn Toward the Establishment of.
?erfecu Connectivity Conditions

As a arereau181te of the gravitational model we have to

assume perfect ccqpectzvmty condltlons. If they do not eXLSt, we

'must find =a way. to establlsh them, mutatls mutandis. To thls end
we propoese the zollnw1ng. |

The ex1st;ng lines of Turkish Airlines will be investigat-
ed as to the nu&ber of passengers being carried. Since the summer
season is most ééfive, the data used fdr the analysis will be that
for swmmer 1968. Denoting by X, the various socio-econonic var-
iables at hand, we will try to establish a relationship of the

form23

:Pj.;j = :x{.'( Xli le? Xz:i. ij, Y "j;‘._’,- Xl{i X-}Cj’ » e & 3 Xni an )

where n is the total number of variébles.

| To do so, ﬁe shall tfy Various'ways such as-the use of the
cross~-products of the variables as shown above in their original
form, then of *belr logarithms as the variables. We will then in-
clude the dlstaace between i and 3 as a variable and in thege dif-
ferent forms of the equation, we will try to obtain the best re-
létionship for Pljv by multiple regression analysis.

. After thvs having established a formula which will make it

possible %o estimate the traffic between any city i and j

will calculate Pij for all possible connections. Summing these

- ; :
23 ‘For an 1atereotlng type of airline actlvlty analysls
which suggested various refinements refer to:

Weving D, Baxter and E, Philip Howrey, "The Determinants
of General Aviation gctlv1ty,” Transportaclon Research, Vol. I, No 1
(March, 19€8), pp. 73-8l.
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values up, we can obtain = total figure for ﬁhe departures and
arrivals of passengers for each airport.24 We will use the es-
timated values for connections that are presently non~ekistent,
but we will replace actual values for connections that are in
operation, unless they are clearly under-utilized due to insuf~ 
Ticient fregquencies or other pertinent reasons. In this way, the
figures obtained for departures (arrivals) will give us an index

of mobility for conditions of perfect connectivity.

Y Derivation of the mobility index or potential traffic
formula. |

Using the mobility index(or potential traffic) figures
for each airport obtained as a result of the aforesaid multiple
regression analysis, we can then try 1o establish a relationship
between these and the sccio~economic factors associated with the
airport regions considered. Fach of these will have a certain
contribution to the making of the total demand and so a linear

relationship will be sought. This relationship will be of the form

T

bo+ bk' X _.

Dy fal
k=1

1

H

This type of an analysis will give us an idea about the
extent of the contribution of each variable considered to the to-
tal potential éraffic, and rather than an arbitrary assignment of

weighting factors, a more reasonable and justified determination

24Since the relationship used for ?.j will not take
into consideration ihe direction of flow, tha departures at any

airport will equal arrivals. S0 this means: D,= Ay
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of coefficients will be possible.

B. Determination of the gravitational parameters Oé,ﬂ, y.

J
values for all existing connections. ihese values together with the

i e - i 4o - Py . *
The Di values thus obtained will be used to determine Pi

ground distance data bétween points 1 and J will constitute
the inputs to the gravitational formula.25

A new multiple regressioﬁ analysis will be performed at
this stage in ovrder to detérmine the gravitational parameters o,
/3 ., and 5.

The relationship giving the traffic potential on the one
hand, and that giving the point-to-point passenger figures in terms
of the network parameters C%,/B, and 5\ on the other can be used
anytime in order to forecast potential point-to-point traffic for

other years by the use of other similar data as a new input.

Application of the llodel

In the course of the investigation in queét of relevant
relationships, the IBM computer library program 1620/ 06.0.184
for linear multiple regression has been used. This program gives
gquite a detailed output. Other than the usual output of partial
regression coefficients and the coefficients of multiple deter-
mination and correlation, one can avail himself by the variable
means and stendsrd deviations, the standard errors of the regres-~

gion coefficients, the beta coefficients, the standard error of

2

AT

Ground distance rather than straight-line air distance
ig used, because this is de facto the distance that affects the
pfaspective traveler's decision of whether or not to fly.
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the estimate, the partial correlation coefficients. The program

is designed in such fashion as to allow for tests of significance
and both the F«test‘and the T-test are used. Purthermore, after
each such test the least significant variable is eliminated and
the process starts over again. This iterative process continues
until all of the remaining variables are significant. The results
of the analyses performed will be found in the Appendix B, each
result being clearly captioned as to its particular conditions.
All of them were started out with all of the variables mentioned
as their input. The significant variables remaining in the solution
are indicated by abbreviated names in a format required by the
computer program, but this abbreviation is clear 4o understand.
Since it would ‘take a large space in the body of.the text or even
in the appendix, not all of the iterations but only the last and

significant one of_éach run has been incorporated into the thesis.

Explanation of Cowputations
As the passenger traffic figureé for the regression anal-

ysis Wefe considered, the figuré adopted as dependent variable
was the highest of the two figures for both directions of flow
for the sganme point»to«poiﬁt connection, These figures were given
earlier on Table 2.

| The first relationship pattern analyzed was that of the
point~to-point traffie to the cross-~products of socio-economic
variables. This resulted in the elimination of all variables but
one5 aﬁd.ﬁst even the last one that remained was any significant.

The statistic t was equal %o 0.62935 and  the coefficient of
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multiple correlation was only 0,099, which clearly indicated
that simple cross-products function was not the pattern by which
the traffic Llows abode, |
Secondly, all of the cross-products were replaced by

their logarithms and a logarithmic relationship was sought. The
Pij figures were also changed to assume the value of their 10g~4
arithms, of course., Ags a first trial, the distance between the
cities concerned was not included as a variable and for the 42
observations a coeificient of correlgtion of 0.755 was obtained
and the standard error of the estimate was 1.52 for a mean value
of 7.207. Then distance was introduced as a variable and a sharp
increase in the éorrelation‘coefficient and a decrease in the
standard error of the estimate were reached. TheSé values were
respectively 0.806 and 1.393. Correcting the correlation coef-
ficlent for the degrees of freedom by the use of the formula

1 - B m

— = 14+

1 - RZ DF

where R is the corrected coefficient of correlation, m the

number of independent variables, and DF the degrees of freedom,

=2

we obtain for the former case ‘o= 0.525 ;i E=0.725

and for the latter one Ho= 0.602 R=0.776 .

ey

However, this coefficient is still not sufficiently high,
despite the fact that distance has been introduced. Thig is most
probably due to the fact that the fourty~two~observations at hand
are widelyndifferent, since witﬁin the same éet of observations

we have such insignificantly-small lines as the Afyon-Antalya line
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carrying only 36 passengers for the whole summer; and imporﬁant
lines such as Istanbul-Ankara carrying 46,335 passengers. Purther~-
more, the city of Samsun gave very different estimates from the
actual values. This might be due to the fact that Samsun is guite
a developed city and has an important air traffic potential. But
it is also true'fhat Samsun is connected to other éenters'by sea
transportation, and especially to Ankara by a good highway. 26
Therefore, in the second run, the regression analysis was based on
thirty observations only, leaving out the cities of Afyon, Balike-
sir, HZrzincen and Samsun. This sharply increased the coefficient
of correlation to-a value of 0,936 which means the coefficient of
miltiple determinaiian'wés 0.877. The standard error of the esti-

‘mate dropped to 0.608 for s mean value of 7.534 . The corrected

kel

value of the coefficient of correlation can be computed as 0.920
and that of the coefficient of multiple determination as 0.845 .

A furtheé elimination was done aend the city of EléZlg was
left out éf the regression analysis. This decreased the number of
observations to twen%y~seven. For this run, the results were ob=-
tained ag Iollcws. R=0.942 and R%= 0.888’. R denotes the
CGBfflCleﬂt of multiple correlation, and R2~the coefficient of

multiple determination. The corrected values are:
1=0.921 and R = 0.847

Afterwards, & computer program weas designed so that the

Q“Lt might be of interest to find out by way of a survey
whether the passengers boarding in Ankara exhibit & dlSﬁropO“tlonu
ate constituency of Samsun resldentb, i.e. residents of provinces
attributed to the Samsun airport.
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Di values for each airport could be determined according to the
results of the regression analyses of 27 and 30 observations.
Since al the present time, Istanbul is the only airport which ful-
fills %he perfect connectivity conditions, the result for Istanbul
has been checked. The average of the total number of actual arriv-
als and departures for Istanbul was 144,141 and the multiple re-
gression analysis of 30 observations géve_the result of 150,124
and that of 27 observations gave the result of 144,145, both being
close enough,

Then these totals for each airport have been subjected to
a linear multiple regression analysis in function of the socio-
econcmic variables. Two such runs have been performed so that the
resulits of both the thirty and twenty-seven-observation regression
analyses were used each time as dependent variable Tigures.

The resulis were found to be as follows, the subscripts

denoting the number of observations in the analysis:

2 _
By = 0.997 R30= 0.995
R, = 0.998 R2. = 0.996
277 °° 27
corrected valuses:
T = 0.995 R = 0,991
307 TITT 30
B..= 0.995 R, =0.991
h2?”' MR 27 hiets

The determination of the potential traffic formula is only

the Tirst part of the determination of the model,
&
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The second part is the detérmination of the parameters
1e'd ,/3, and ¥ of the gravitational model. To this end, we shall
we shall praeeeﬁ in three steps and use the data for all the ob-
servations at first, that for only thirty observations on the
second run, and that for tweniy-seven on the third. On each run,
the Di Tigures used will be those obtained from the thirty and
twenty -seven-observation regression analyses, i.e. each of the
three steps mentioned above will again be brdken down to two more
STeps. | .
The results obtained are tabulated oﬁ Table 3. As a con-
sequence ol a cowparison of various results, we can infer in toto
that the best are obtained by using the thirtj«observation sample.
ihe higher corrected correlation and the greater statistical sig-
nificance attained are in support of the foregoing sitatement.

Therefore, the finsl Tformulae we were looking for will be
adopted as follows:

1. The formula for potential traffic.
D, = 579.982 - 0.08232672 X;; = 0.20225524 X,

+4.9039674 XBi - 2.0299265 X4i + 26.746257 XBi

+0.92839569 Xéi + 0,12533313 X7i-0.06756726 XBi

where Xl : Urban population
X5 3 pank deposits (in 1000 TL)
AB : liotel, motel, etc. beds
K4 : Restaurant capaclty

X. « Private automobiles




THESIS

ROBERT COLLEGE GRADUATE SCHOOL

BEBEK, 1STANBUL PAGE 55
TABLE 3
RESULTS 0¥ MULTPIPLE REGRESSION ANALYSIS
FOR THE GRAVITATIOHAL FORMULA
No. of observations|Coeff. of |Coeff. of |Corrected values
corre - deter—
D. re- gravi- | lation |mination P-test
3 Te tationsl 5 - =0 :
gression| formulsa R R R R"
42 0.603 0.3%064 0.576 0.33%2 11.19
30 %0 0.940 0.884 0.936 0.876 103,22
27 0.939 0.8853 0,935 C.873 90.82
42 0.647 | 0.419 | 0.624 | 0.389 | 14.09
27 30 LD 7,860 0,921 D850 82,08
27 0.926 | 0.858 | 0.920 | 0.846 72.56
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Xé : Registered radios

X7 : Telegranms

i

Long~distance calls

2. The gravitational formula.27

(P* )O«958
ij
96‘231

0.933
dij

P

i3 <

All component terms of this formula have been explained

earlier.

Discussion

The above regression formulae are associated with a high
coefficient of cofrelation which means that their‘predictiVe abil-
ities are guite satisfactory. They can be used reliablj in order
to forecast future airline operations so that timetables could be
constructed in time for the services to be on sale. If projections
for several years are made using relevant growth indices, the re-
quiraﬁents of sircraft fleet, personnel, capital,retc. could be
detefmined for planning purposes.

woreover, by the use of this model, one could satisfac-
torily judge the importance of various routes. Certain routes not
in operation might be pointed out by the model as potentially

worthwhile to investigate specifically, while certain others in

: ZTThe exponents have been rounded to three decimals. For
an extension of significant digits, refer %o computer solution

in Appendix B.
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operation might suggest a much greéter potential than the actual
case might seem to exhibit. It would then be the task of airline
research bureaux to find out whether this is accountedkforksimply
by the unexplained varistion in the model or by failure to fap on
currently available potential.

| Hewever, although this model is satisfactory for forecast-

ing purposes, 1t does not point out the structural determinants

of the demend for air transport. As we have seen in the final for-
mula for the potential traffic Di s Such important factors as
urban population, bank deposits and restaurant capacity assumed
negative coefficients. It is impossible to admit that as popu-
laﬁioa increases the volume of travel will decrease. This would
be utterly illogical. Clearly, this outcome is due to the fact
that the variables consldered are forced to assume these negative
coefficients in 0rderAf0r the function to fit a least-squares
plane. So, if one or more of the variables are already quite
highly correlated, their coerficients will be so adjusted by
regression techniques to yield the highest possible multiple cor-

relation coefficient. This is known as the multicollinearity

effect, @hereforeg one needs not worry about the reliability of
the final relationship due to the seemingly illogical coefficients
obtained.

However, let us proceed to another regression analysis
where we shall resrrange somewhat the same data available to us,
changing .part of the‘variables t0 &a per capita basisg.

Tet us define the new variables asrfollows:
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1. Urban population

2. Bank deposits/urban population

5. Humber of fTirms

4. ILiterate populatian

« ilectrical energy consumption/ﬁrban population
. Hotel, motel, ete. beds

7. Restaurant capacity

iy

8. Number of private automobiles/urban population
9. Number of registered radios/urban population
10. Humber of telephone subscriptions/urﬁan population
11. Number of letters exchanged /number of firms
12. Humber of telegrams sent/number of firws

13. Number of long~disﬁaﬁ0e calls/number of firms
14, Number of letters exchanged/urban population
15. Eumber‘of telegrams sent/urban population

16, fumber of long~distance calls/urban population
17. Humber of associations

15. Humber of passengers carried on highways

19, Humber of firms/urban population

50, Distence between the points considered

Variables 2,5,8,9,10 will tnus be indices of prosperity,
prégensity to consume and standard of living. Variables 11
through 16 will be indices of intercity business or personal in-
volvement. Variable 19 will be an index relating the degree of
ind&striélizaﬁion and also of employment opportunities.

!

‘his rearrangeunent of variables actually gave a very good

P
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correlation and the structural determinants have proven to be
more in line with common sense. However, the number of associations
and the number of firms per capita of urban population still as-

sumed negative coefficients. The correlation measures are:

i

R = 0,940 R = 0.884

1

R =0.921 T2- 0.847

The variables remaining in the solution were:

b<
fud

: Urban population

e
AW}
°

: Regtaurant capacity

21

Number of associations

(SN

M
.;}_‘.

Wumber of firms/urban population

>4
W

; Distance between the points considered (i and j)

el
o

ffuwber of letters exchanged/urban population

: Humber of long-distance calls/urban population

i

&

The formula for Pij was found to be

- 30,372242 + 1.4411978 1n (X
+ 1.32777539 1n (Xgixzj),
- 1.9%83%461 1n (X

in P

i3 = linj)

31553
- 0.89603827 1n (X,3X,,)

1.25507588 In XSij
+ 1,2838833 1n (X61X6j)

§

+2,728838% 1n (X7ii7j)

This shows that urban population, restaurant capacity,

the number of letters and long-distance calls exchanged and




THESIS
ROBERT COLLEGE GRADUATE SCHOOL ’
BEBEK, 1STANBUL | PAGE 60

ground distance are important detefminants of airline activity
in terms of passenger demand. The lowest value obtained for the
I~test was 2.87 which is above the 0.0l level of Significance
for 22 degrees of freedom. The F-test value is 24.09 which is

well above 6.10, the required minimum for 0.01 level of signif-

icance,
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CHAPTER VI

RECOMMENDATIONS

Although Turkey is essentially a developing country, air
traﬂsporﬁation which is generally accepted as an expensive and
‘even 1uiuricus means of travel seems to have a good potential of
development. This study showed that there is at the present mo-
ment untapped potential demand and that many existing lines could
profitably be better exploited and ceriain new lines could be in-
augurated. To this end, a plotback of the final gravitational
Tormula is givaﬁ for each possible connection in Appendix B, Air
traffic potentials of cities like Adana, Izmir, Samsun in general
and certain specific lines such as Antalya-Izmir, Balikesir-Izmir,
Trabron-frzurus would perhaps be worth investigating in the con-
text of surveys g@;zgg.

Fur%hermore, the writer of this thesis feels that there
are strong reaseﬁéfto assume that’by the adoption of drastic rMess -
ures of gquality improvement in the Turkish Airlines' services,
much untapped resources could be attracted to air travel., Many
passenger éomplaiﬁts are in fact noticed, especially on matters

' : o 28
of punctuality and treatment of passengers.

*Bjetin Toker, "Bu Hesabi Biri Sormalidir,” Millivet,
Y1l XVIII, Sayi 7211, 21 Aralik 1967, s. 2.
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As pointed out in the previous portions of this text, a
study of passenger profiles must be made according to their per-
manent residences in order to enable those who apply thé-model
developed to achieve a more true~to-life delineation of airport
service aress. Oﬁcé this type of a survey is undertaken, other
information such‘és purpose of travel, age, profession, etc.
could also be gathered.

The author of this study has had the privilege of commu-
nicating and ge%ﬁing acquainted with the research and planning
personnel of THY and is happy to state that very dynamic steps
are being taken{ﬁQward more and more valuable research and a
congtant effoﬁt‘toﬁard upgrading the guality of that research is
present. | | | |

A rigorous proof of whether or not untapped potential
exists ?equires many mnore detailed studies, in?estigating the ef-
fect of price elasticities, frequency of services, speeds of air-
craft, design of schedules on the attraction of pecple to air
travel. The present work should be viewed only as possibly setting

a guideline toward a systematic approach to find out where to look
x> o

‘for modd pfebable potential gains.

In fact, the price factor is very important in this con-
text. Since no consideration of the influence of fares on potential

traffic has been included in this study, much of the unexplained

- . 29 . .
variation mav be due to price differentials. Ceteris paribus,

ggﬁhe factor W in Piper's model ({see Ch. III) was intended
%o be incorporated into our model. But this required the collection
gf prigé data on alternate modes of travel which was difficult to
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price is a very significant determinant of the volume of air trav-
el. An investigation of the effect of price per kilometer of trav-
el on potential air transport demand would be highly recommendable
as a further research subject on the Turkish‘Airlines‘ domestic
network.

Also of special interest are service freguencies. An effort
toward the realization of optimum freguencies with respect to air-
craft capacity might well prove to be extremely profitable, A study
of inconvenience burden on the passengers in terms of‘waiting time
between flighﬁs rnight be wade through questionnaires distributed
amnong passengéfs and this would greatly help the preparation of
timetables. $;i$ study could further be improved by the introduction
of elements of gueuing theory so as to attain the optimum scheduling
of flights, alrcraft maintenance and engine overhsul times. This
would make possible the use of time in a most profitablé way and
would nct be one of the lesser types of profit,. since time is per-
haps the scarcest resource in airline operétions. Higher utilization
levels of the sircraft fleet would thus be realized.

. Another iype of study that could be reoommended is the
design of sowe system whereby the aircraft routes can be determined‘
in order to achieve optimum load factors, given the demand on
each porition. Queuing theory would again be very helpful here and

dadia

one of the important operations research tools that the designer

obtain for the whole country and a}l the possible gonngctions in
the first place. Secondly, since dlfferent Klngs of prices wquld be
applicable for the same conngcﬁlon,qa met?ga oL measuring price
indices had to be set up, Wth?.WGHAd éy then have ccnstltu?ed a'
topic Tor a complete study in itself, Tor which resson the idea was
abandoned altogether.
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of such a route determination system could use would be dynamic
programming.
“he author would especially consider it important to

warn the user of his model that although its modus operandi

would held frue as time passes, the network parameters are sub-
Ject to change with time. So these parameters would have to be
re~established after s reasonable amount of Hime s perhaps every

tWo years.
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APPENDIX A
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TABIE 4-Continued
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Simple cross-product model:

MULTIPLE REGRESSION ANALYSIS RESULTS

THE VARIABLE MEANS AND STANDARD DEVIATIONS

YBAR =

14865038000 SIGMALY ) = 9227417100006
XOBAR( 13= TT1745 920 SIGMAL  1)= 926U26.010

THE PARTIAL REGRESSION COEFFICIENTS.

gl 1= 9B66TTS
THE Y~INTERCEPT, -
ALPHA3 22453681000 UUU

THE STANDARD ERRORS OF THE REGRESSION COEFL.

SB A Ii=
THE BETA COEFFICI

015677689
ENTS e
SETAL 1)= -0 LYY

{HE COEFFICIENT OF MULTIPLE DETERMINATION.

RHO= S G09

THE COEFFICIENT OF MULTIPLE CORRELATIONG
R= 2099

THE STANDARD ERROR OF ESTIMATE.

CL0882.,260

COLFFICIENTS.

THE PARTIAL CORRELATION

R 1= dU9GUZULH
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Fe= « 3260

THE T-TEST.
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PAX BETW 1
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Logarithmic cross-product model s
MULTIPLE REGRESSION ANALYSIS RESULTS
DISTANCE BETWEEN I AND J NOT CONSIGERED

THE VARTABLE MEANS AND STANDARD DEVIATIONGe

YBAR = 7207,92850 SIGMA(Y) = 2180, 746300 PAX BETW 1J
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THE PARTIAL CORRELATION COEFFICIENTS.
R 1= 25322680U6
R 2y1= c6UB6T11L1
R{ 3= e 22433792
RA{ 4ym LA 162306
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THE STANDARD ERROR OF ESTIMATE,
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