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PREJlACE 

In today'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 to say, a thesis 

of which the main requirement is to be original, provtdes this 

quality of personal research. 

It will be seen that this study is quite concise and that 

it follows a clearly delineated pattern of composition to attain 

a result and to try justifying it. The judgment on whe-ther or not 

it accomplishes its objective vall have to belong to the reader$ 

:tnerefore, let him read and decide whether Ilfinis coronat OPU!! .• II 

'The author wishes to thank all those who kindly offered 

their help in the course of preparation: the painstaking detection 

and collection of data (especially true for our cOl..,mtry), the cri t

ical dectsions of reliability of the results obtained, and the 

constructive criticisms much needed for a well-balanced whole. 

Special than.1{s are due to Professors Harry 0. Tobey and 

Sibel Tanberk without whose guidance the author! s 'vyork would haye 

been of q~estionable quality. 

Deserving special mention is Prof. Alper Orhon 1/vho also 

spent invaluable time forI the review and discussion of the VJork 
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during the course of preparation and offered much constructive 

criticism .. 

The author would desire to extend his gratitude to all those 

who devoted their time and effort during the field research he 

conducted; especially to rvIr. Mahmut IVIar~an, director of the Research 

and Planning Department of Turkish Airlines, Messrs. Cemil Q~nar, 

IV!ua.1!lmer Dogan, ],Iete To r"liner, IJlahir Barutqu, and Bora Gurer of the 

State Planning Organization, ivIr. Gill tekin Del:Lae, director of the 

Tourism Section of the State Institute of Statistics, Mr. Burhanet-

tin SokmensUer, director of the Transportation Section of the same 

institute, the persorillel of the Research and Plamling Department 

of Turkish Airlines and the library personnel of the Civil AViation 

Institute of Istanbul Technical Dnl-versity, and all other individ-

uals and friends vvhose names he could not mention here because of 

space limitations, but whose help he dearly appreciated. 

Istanbul 

NIay, 1969 
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'Nothing has been created, unless 

through a technique, t has said Paul ValerY6 

In the order of techniques, the airplane's 

~ at the same time one of the most recent 

and the most likely to transform a civili-
1 zation .. 

-----------------._.----------------------------------------
lClaude Postel,L'Aeroport de Paris, trans. Hasan Akbelen 

(Cahiers de Ia Fondation Nationale des Sciences Politiques; Paris: 
Armand Colin, I953),pe 7~ 
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statement of the Problem 

PAGE 2 

In any type of economic activity, planning ahead of time 

ma."k:es possible the use of scarce economic resources in a most 

prof'i table way. F'lJ.rthermore, it saves a lot of' needless effort 

and also reduces waste. But in order to do so, those who have 

the responsibility of' planning must have within their reach cer

tain working tools which would enable them to accomplish a recon

struction of the real state of affairs. 

This thesis will attempt to provide such a tool 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 transport is the most modern mode of transportation 

that mankind has invented. Its impact on economic activity in 

general has been overwhelrhing and its implications have trans

formed the outlook of the world we live in. As the economy of 

our count~y develops, air transportation will gain more and more 

populari ty, and the rnanagement of air transportation will have 
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to resort more and more to scientffic methods. It is hoped that 

the model developed in this thesis will be of value for practical 

application and that it will furthermore constitute a starting 

point or springboard for further research. 

\ Me thodology 

The role and significance of transport activities will 

be outlined and -t;he particular implications of air travel wi.ll 

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 acquisition of importance of certain specific locations 

rather than others will be analyzed in a reView of location theory. 

Based on ~~is presentation, the relevance of a gravitational or 

interaction model will be discussed and concepts of connectivity 

related to it will be introduced. 

After this preliminary establishment of a foundation for 

a model, the model itself will be empirically determined by the 

use of multiple regression tec~illiques. In this regression analysis 

the volume of travel V1/ill be expressed in terms of certain socio

economic factors. After testing the significance of the said fac

tors in a total formula -yielding the potential volume of traffic, 

the pertinent network parameters according to the gravitational 

model will be established~ 

In conclusion, certain remarks concerning the use of the 

model Eel" se, 8..c"'ld also recommendations on possible ways of its 

development or its erIlployment as a basis for other studies will 

be given. 
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CF..APTER I 

ROLE 0]1 AIID DEI,lAI{D FOB. S:RAHSPORT 

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 another. All living creat, 

urea m.oV'e~ It is their activities al"ld their contacts that lnake 

their lives valuable and meaningful. No single commodity or set of 

COllmlodities is either so satisfactory or so supportable that even 

if we have it abundantly, we shall not look for and express a 

desire to have more. Our aspiration, need, predilection, and even 

craving for more will be an eternal truth. Since the human being 

has a natural tendency toward perfection irmether it be in the 

direction of the good or the bad, everything vlill have to be just 

right or at least intended to be so. We do want our tea to be frolJi 

Ceylon, our Cigars :from, Havana, or our brandy from Frru1oe. 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 suoh far-fetohed examples as 

those enrunerated above. It rather implies that in order to derive 

satisfaction from various commodities, vre actually need selected 
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assortments of them and that the~e assortments will have to be 

colleoted from an arbitrarily dispersed population~ The whole idea 

of cow~erce traceable back to this bare truth. In order to do these 

contacts with others, ardent efforts to dig up new possibilities 

have proved to be necessary. Thus transport produces IIney'! utili ties 
2 of locationll and l"emoves the "disuti1i ties imposed by distance. It 

No matter what the motivating force might be (economic 

advantage, necessity, pleasure, etc.) the ::novement 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 existence of adequate transportatiot 

we notice also an invigorated social and cultural U1.:1i ty 011 the 

national scale and even, to some extent, on the international one .. 

"Interregional contacts through travel and the exchange of goods 

promote the intercha.Ylge of ideas and the breru{dov'v'n of parochialisID1 

thus encouraging an upward uniformity in tastes, health, educa"tion l 

and way of life in general. u3 The spread of information and ideas 

is stimulated through the mobility of persons. Perhaps one of the 

most significant achivements of increased mobility is that new 

value judgments are attained, and also regional differences ru1d 

prejudices related to or resulting from them are alleviated. These 

prejudices are the result of isolation and as isolation is reduced 

2 ,,-.' 1 p~' . '-11 -n ( IvllCllae 1,.. LlOnav~a, -me .l:Jconomics of ~"rar.i.spo:rt Cambrtdge 
Economic Handbooks; Digswell Place: Nisbet an<i Co~, 19b'6), p. 2~ 

3Roy J.~ Sampson and JVIartin T. Farris, pomestic Transpor
tation: .Practice" IJ.neory and Polic;y (1iew York: Houghton Mifflin Co, 
1966 j, pp. 3-4 .. 
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through improved communication, people a.rrive at a developed level 

of understanding and in reducing sectionalism or regionalism, trans-

portation allows people to achieve higher objectives and interests. 

Transportation goes hand in hand with production. VlhatEflfer 

is produced must be distributed. A quicI: glarlce at the roa.d maps 

of a S8Ji-lple of developed countries on the one hand and of' develop-

ing ones on the other would ShOVf, without virtually any need for 

further analy~~;i8, ho\v prc)liferated road networks can be easily as-

sociated vvith developed econor:liE!s. 1'he degree of inter-corillectedness 

of tre,,'tlsporta tion networks of some of the developed countries is 

a striking evider~e of the necessity of extensive transportation 

facilities for sound economic development. Studies on transportation 

activities of various countries have resulted in the establishment 

of wha.t are called mobility indic(3s.. One such study revealed the 

posi ti ve correlatj.on between the mobility index and per capita 

gross national product index. 4 

Production requires a change of location of many items in 

order to bring .them together in the right proportions. The same is 

true for distribution which enables to move products to those places 

where they are needed. It is for this reason that transportation 

is so crucial an element in the econor:lY. The annual passenger trans 

portat1on expenditures of the United states for example, have 

reached such a high figure as 64.7 billion dollars in 1963, which 

II • '-i'Wilfred Owen, §..~rategy fo:r. Mobili t;z (liThe Brookings Insti-
tution Trql,l1Sport Research Program"; Washington, D .. C .. : The Brookings 
Institution, 1964), pp$ 13-15. 
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represents roughly 20 % of the United States gross national pro

duct. 5 

Transportation also serves to achieve the objective of 

political unity within a nation, and in some cases t also the objec

tive of political influence beyond the territory of that natione 

The citizens of a country all deserve special attention as to their 

relationships witilin the political framework of their country, and 

national cohesiveness is not one of the lesser objectives. A wel1-

knovro saying in Turkish sun~arizes this aspect of transportation 

so concisely:"Gidemedigin yer vatan degildir."(Where you cannot go, 

is not the fatherland.) 

Another'po11tical aspect of transportation is reflected in 

the right of any independent and fairly developed country to regu

late the transportation of goods and persons between its ovm por"lis: 

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

of incapactty or paralyzation under foreign control of the means 

of transportation. 

Dernand for Transport in General 

It has .been argued that tra~sport demands between job, 

school, shopping~ visits with relatives and friends, and other 

travel purposes affect a fara11y's choice of a home location. 6 

5Sampson and Farris, ~9~P~.~c~i~t., p. 11 • 

. 6Emery Troxel, Economics 
COe, 1955), p. 145. and 

of Transport (New York: Rinehart 
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This is in fact a. very important "point to which we 511.8:Ci,.1 come 
- . . 

back in the discussion of the gravitational model fortranspo~-

tation networks in Chapter III. 

Vl1:1en we choose a site for a home what we are after is 

to select such a place that the everyday activitie~ vdll be car-

ried out at minimwn dissatisfaction or maximum satisfaction or 

both. The food and other needs should be obtainable by travelling 

a reasonably low amount. Children must go to school and parents 
~ 

to their jobs without having to go into excessive trouble. 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 sa:me way, we can extend 

this line of thinking from the family as a human groupage form 

to SOCiety in general, a similar but larger hurnan group. ','lhat 

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 cert,~dn outputs 

which ideally should be in line with society's ovm satisfaction 

and welfare objectives. SOCiety needs rnany rr~terial and mental 

satisfactions which require an orgru1ized effort to be produced. 

Production is the prime function of society if it desires to sus

tain its existence0 But production requires activity, which in 

turn requires transportation. We cannot eliminate the inevitabili 

or indispensabilitiY of transportation. All we ca...l1, and 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 meaning, e.g. ton-mi1es .. 

actions: 

Transportation is associated with various types of inter-

1. Interaction of people and people: This is the type of 

in<teraction which governs hu.man relations, whether 

social or lucrative in purpose (the desire to visit 

with friends, or the need to go on a business trip) 

2. Interaction of people and goods: This is the type of 

interaction which reflects our material needs (the 

desire to acquire a certain object) 

3w Interaction of goods and goods: ibis 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) 

All 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 

demand 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 th~n the 

cost of transportation itself. This cost also includes the oppor

"tt.mi ty cost associated with the time spent in travelling .. This is 

in line with our earlier statement regarding the ma.'X:imization of' 
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the productivity of a unit of transport. As long as this requi

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. 

Outlook of Air Transportation 

The pa"ttern of interactions outlined above taken together 

with the cost of transportation, including the opportunity costs 

incurred enhance the demand for air transport and entail the 

reaul t that air "transport acquires the status of one of the most 

important modes of travel. Needless to say, transport by air is 

a costly form of transportation, but the savings of air tra~sport 

are reflected elsewhere. The considerable amount of time saved, 

which increases at a great rate with increasing stage lengths, 

reduces opportlli~ity costs to a bare minimQm. As for the movement 

of goods, time utility is reflected in such things as the re

duction of inventory holding costs, of the risk of prod'lction 

interruptions due to raw material shortage, etcs The accomplish

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

possible expenditure of time and cost"? is more and more possible 

through air transportation. 

T.he evolution of air transport has so far been rapid 

and profound 0 In a matter of two decades aircraft speeds have 

increased almost four times and the payloads have increased 

, 7Marvin ~ II .. Fair 8.ll,d Ernest W. Williams, Jr. Economics of 
Transportation (N~w York: Harper and Brothers, 1959), p. 3. 



THESIS 
ROBERT COLLEGE GRADL'ATE SCHOOL 

BEBEK, lSTA~BUL PMiE 11 

about ten times. Although not necessarily refleoting the indu.stry 

average, payloa.d and average speed figures relating to aircraft 

of the same oornpany could indicate the degree of developm.ent in 

time. A 1946-built Douglas DC-3 made an average speed of 220 km/hr 

versus 740 krn/nr of the present-day DC-8 jet aircraft. The res

pective payloads of the two types of aircraft are 2650 kgms. and 
8 18800 kgms" 

~Arthel~ore, there has been a constant tendency of cost 

reduction in the operation and maintenance of aircraft which makes 

it possible to, decrease the:; fares and which in turn entails the 

fact that airtr&"1.sport reaches an e-ver-enlarging market. Civil 

aviation has surpassed the forecasts of the most optimistic ex

perts. Eight different forecasts for the 1965 traffic estimated 

in passenger-kilometers and a comparison of them ~~th traffic 

actually performed in 1965 is given in Table I. 

From the speed viewpoint, air transport has an unLiatchable 

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 trrulsport today is probably the safest kind of trans

port, although the public image of air transport still undervalues 

its safety standards. But under the influence of time limitations 

BFor a more detailed comparison, refer to: 

Jean-Georges Nlarais at Frederic Simi, L' Aviatipp-. ,Commer
ciale (HCollection 'Que Sais-Je'?',11 NOe 359; Paris: Presses Uni
versitaiFes de Prance, 1964), pp. 26-27. 

lx-ooeric Simi et Jacques Bankir, Avant et ap;:es Concor-J§!. 
(HCollectiion ! Societe' ,II No. 25; Bourges: Editions du Sauil, 1968) 
p. 135. 
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on the gen.eral public on one hand., and of greater speeds achieved 

by aircraft designers and producers on the other, air transport 

becomes lilanifold attractive even to the reticent prospective cus-

tOllier~ Thus more and more people become of the flying crowd, 

because oJ this effect of aircraft iLiprovernent and the increase 

in the value of time for the general public. Due to the i.'Ilportance 

of time u-tili ty, more and more people are brought more and more 

often in contact with air trarlsport and feelings of reticence are 

progre3sively dissipated. 

TABLE 1 

CO;,lPARISON OP WOHLD AIR TRAFFIC ESTIMATES 
AND ACTUAL PERFOffi~NCE FOR 1965 

Origin and date 
of study 

Boeing (1961) 
T. P. Wright (1956 ) 

I TAb (1962) 
Douglas (1960) 
Convair (1960 ) 

Canadair (1956 ) 

Projet EorizOJl (1961 ) 
A.,T.S. c (1960) 

.I:10recast 
(in billions of 
passenger-km) 

188.0 

185.0 
179.0 
178*0 
177.0 
169.0 

16LO 
156.4 

Percentage of 
estimated to 
actual traffica 

94 % 
93 
90 
89 
89 
85 
ell 

79 

aActual traffic for 1965: 199 billion passenger-bu. 

blnst1tut du Transport Aerien. 

cResearch consultants for Hawker-Siddeley. 

Source: (ir. Besse et G. Desmas, Les Previsions dans Ie 
Transport Aerien: Methodes et Resu.1tat,s, (IIEtudes ITA,II No:-b'b/7-F; 
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The airplane has been of ~great value by opening up iso

lated countries into the world economy. Th.e economies of other 

than isolated areas have been helped significantly by air trans

port which provided a further and tremendous step toward a more 

perfect economy due to enhanced mobility of goods, services and 

persons. Air transport m~~es possible the introduction of men, 

their ideas and techniques into backwa.rd areas oftha world and 

becomes the vehicle of such means of expression and thinking as 

books, newspapers, films, etc. It provides accelerated exchanges, 

and is in fact, an accelerator of exchanges. This is carried to 

such an extent that the airplane has become a tool of prestige 

and 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 example of spatial penetratio~ 
...... i~.lilltar'y, political, cultural, or economic forces, or 
combinations of these • • • can be used. • .. • Operated in 
these contexts, transpol't techniques are means to extension, 
preservation, or minim1Xffi contraction of a political a1"ea. 9 

The airplane transports everything, everywhere. It carries 

far, quicldy, and safely. These are the main strong points of air 

transport. Today, it takes about twelve hours to get from Istanbul 

to New York. 1'omorrow, Vii th the advent of supersonic transport, 

shortly referred to as SST, the same distance will be covered in 

about five hours, perhaps even less. This means that it will take 

roughly the sarne a.IHOunt of time to fly to New York as to drive to 

Ankara~ 

Paris: Institut du Transport Aerien, 1966), p~ 19. 

9Troxel, 0]. cit., p. 31. 
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Speed is only one feature of importance in air transport. 

More iIl1portiant pHrhaps is the independence of the airplanes \vi th 

respect to natu~cal geographic obs tacles e It is especially on this 

pOint that airplanes surpass other kinds of transporte As air·· 

planes acquired ;::opeed, they also acq·uired altitude and endurance. 

The range of today's commercial aircraft reaches far beyond the 

transatlantic distance, and even the transpacific one .. The north 

pole which tuok so many years and so many hULllan lives to be con-

que red , is flov'tf.l OVer several times a day now. The highest moun-

tain ranges constitute no challenge either. 

This improvement in aircraft performance end security is 

also accompa:ni.ed by a constant decline in the cost of the trans

portation unit: the passenger-kilometer. uThe cost of the seat

kilo:neter in today f s airplanes has always decreased .. In fact it 

is lower now than the cost of the seat-kilometer for stagecoaches 
10 of the last century.1t 

The constant decline of airline fares t 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) make air transport all the more 

pmverful. 

lOS-lnl-l e t "0.,",,,, ,1"''; r 6 OD C1' t P 6 _,J.. _ .uc;!..u .... l.._. .;;.-<:. ~ •• , • • 
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CHAPTER II 

A PRESENTATION OF THE GENERAL TRAITS 

OF LOCATION THEORY 

PAGE 15 

Before entering the presentation 01 location theory or 

various models of locational pattern development, let us warn 

the reader that what we are trying to achieve is not to offer 

a full-fledged description or formalization of the theory, but 

rather to elaborate a consistent approach to the determinants of 

transpor·tation activity, and only those elements of the theory 

that shall be deemed beneficial to the development of a certain 

line of thinking ~~ll be included in the presentation. 

Except in those resort and retirement areas where cities 
grow up because of such attractions as unusual scenery, cli
mate, or similar manifestations of nature, or legalized gam
bling or quickie divorces, cities have been founded, have 11 
~rown up and exist primarily to serve the needs of commerce.-

Cities provide a conglomeration of people which function 

both as the eleruents of production and of consump:tion in the eoo

nomyo large-scale manufacturing, distribution and storage, as well 

as financing is thus possible. Together with this. a concentrated 

market is available for the good.s and services produced .. 

With this framework in mind, city location and growth can 

11 6 sampson and }'1arris, 012. Cit., p.22 
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be traced down to some elements o~ transportation. Cities origin

ally are established at locations where the exchange of goods and 

services is most facilitated. They grow more prosperous together 

vid. th the prosperity of these excha...flges. As they grow in this . way , 

more people are attracted to them, because 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 attracted. Existing transport possibilities enhance 

this attraetion. T.bere is snother side to this evolution, which 

through wb.at we may call a feed-back process, stimulates the deve-

lopment of still more improved transport services and the esta-

blishmen'I; of neVl routes. 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 procesf::J is schematioally outlined in Fig. 1. 

"'" 
.A" 

,17 

I ' ... 
- - -- - - - -

0 
z - - - - - - --
« i TRANSPORT CITY 
...J 

~ -~ 

p ... 
a:: -------- -
w ... 
I- -- - -- -,..-..--'--

9 -
z -
I 

ih - Nm'l inhabitants (employee "'t- mer) CanS1J. 

j- - Nevl industr y 
P _. prosperity 
g - goods and services to be marketed 

Fig" l .. -Feedback process beb:reen city and transport. 
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What location theory is primarily concerned with can be 

summarized in tV\IO types of problem. The first of these is trying 

to determine where economic activity locates itself for the ma~i

mizatiol1 of returns or why specific patterns of location come 

into being~ The second type of problem is trying to determine 

the optimal location for tlll economic entity vvi th respect to an 

alreaily existing Iocational frameworke 

~Chere are various theoreticians who have engaged in 10-

cation. theory 'N'ork an.d perfected it to a considerable extent. It 

will be ",,";orthwhile to review the general features of the theory 

within the frame this thesis. Classics such as von Thunen and 

Weber camlOt be omitted. However not to go into the work of 8.1.1-

thors such as Hoover, Gr(-;enhut, Isard, Ir.Jsch et ale would not be 

detriE1ental to th,?; developrlLent of the fundamental line of thir.king 

of this study_ We may further B.ssert that they lie beyond the 

scope of this text. 

Von Thunen I s l\~odel 

Von ffhunen's theoretical work relates systematically 

transport costs to specific loeational patterns within an agri

cultU2'al context. It is a highly abstract and simplified theory 

which is based on utterly simplified asstunptions. Von Thunen as

sumed an isolated state of affairs where there was a city esta-

blished at the cen"Ger of a large plain. The plain was used for 

agricul'tural purposes and showed equal properties throughout its 

area regarding climate, fertility and surface characteristics. 

~~e city received all its agricultural products from the plain 
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considered Mel was the only market available to the farmers on 

the plain. rrhers vvas but one type of transportation available to 

everyone at all points on the plain moving on a straight line to 

the city and transportation costs showed a linear relationship 

with respect to distance* 

Depending on the nature of the produot, 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 to be more profitable than others to cultivate. 

Items that are predominantly perishable or are less va,:"" 

luable per unit of weight will have to be produced near the City, 

whereas those that are less perishable or more valuable per unit 

of weight will tend to be produced further away from the city. 

AIJ(jhough his model was extremely abstract, and his, as-

sumptions were highly restrictive, von ffuunen fS model has proven 

to be an. importan"t contribution to the philosophy 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 locational pa.tterns and 

does so in a systematic fashion, by letting all other things 

remain equal. 
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case of' the Weberian model, it is nevertheless perhaps the one 

that is the most comparable to the majority of real world indus-

trial location problems. Let us suppose a production process 

which requires two different types of raw material situated and 

obtainable at -;;;wo different locations. Assume that the market 

area for the fi:i:1al product is neither at a.ny of the locations of 

the tvlO raw materials, nor on the prolongation oithe straight 

line cormecti:n.gthem. The two raw materials will lose weight in 

processing or ma:ilu:facture, i. e. they will both yield some scrap. 

Assume ftlrthermoI"ethat labor costs are the sa'Ile regardless of 

the location, at 'least for the purposes of this analysis. The 

transportation costs, as in von Tbunents model, are linearly de-

pendent on distance .. 

Under thecirc'U..'1lstances just described, a triangle V'rl11 

be for:med when the three points representing the two raw material 

locations and the market are connected to one ~other. It is 

easily noticeable that production will not occur at any pOint 

outside the triangle 9 since this would entail more transportation 

than necessary. It must occur then, either on one of the sides or 

one of the corners of the triangle 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 vdll be brought and from 

where the final product will be shipped to the market location 

I 

I 
j, 

at a minimum total cost of transportation .. Such a Weberj.an indus- I 

\ 
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trial location triangle is pictured in Fig. 2 below. 

I-Raw material source 

2-Raw material source 

P-Production point 

M-Market 

Figo 2.--Schematic representation of the Weberian indus
trial location model. 

lithe exact determination of the production 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. 

As it may be observed, this model is in close parallel 

with the center of gravity concept in physiCS resulting from the 

relative attraction forces acting on a system, whereupon the 

system comes to an equili.hrium at its center of gravity. 

I 
I 



ROP,Ef~T COLLEGE CRADtJ.ATE SCHOOL 

BEBEK, !ST.A~BUL 

CHAPTER III 

TOWARD A JUSTIFICATION OF GRAVITATIONAL 

OR INTERACTION MODELS 

Various models have been especially designed for analyz
ing ~ • • ? or for measuring or predicting the interaction 
be-tv1een areas. • • • . 

In general, this latter group of models postulates that I 
size of an area or city exerts a demand IIpull fl and that dis
tance brings a supply "drag." Trade brother interaction be
tween two communities varies positively according to their 
sizes and negatively according to distance. In the simple 
size-dista..nce 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. • • • 

Variou.S • • • gravitational models • .. • have been de
veloped for specific purposes. If viewed simply as first-ap
proximation expla~atory devices, these models may be useful. 
Despite the sometimes extravagant claims of some of their 
builders and users • 6 • , their success in actual prediction 
has not been spectacular. ' 

.$ •••• 4:liJ$ ••• ~ ..... ~lIIe ••• 0" •••• 

In addi ti.on, no one has conclusively demonstrated that 
pODulation size alone generally determines the attraction be
tween different communities in a Newtonian sense. Gravity mod
els ~~ich exclude by assumption nuro.erous physical, social, 
cultural, and income factors, and institutional ties, are 
likely to exclude thereby the major forces of gravitational 
attraction,,12 

Tne above quotation has been incorporated in this text d.e-

spite its length, because by its denial of the predictive aoi1i-

ties of gravitational interaction models, it puts the reader on_I 
12sampson and Farris, 02. Cit., pp. 232-33. 

, __ ~J 
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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 attempt 

for persuasion with this initial defensive a.ttitude than Vllithout 

ito .l!u.rthermore, and paradoxical as it may seem, it gives clues 

for possible means of improvement of gravitational interaction 

models, by virtue 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 

indispensable} lest we resign to the cessation of activity in 

general~ 

Since we CanTlOt eliminate transportation altogether, we 

must minimize ·"(;ransport in such a way that production per unit 

of transport is maximized. r.rhis 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 10-

cation model" 

As long as there is economic activity going on at various 

locations, there is bound 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 results. Of course it 

is understood that economic, social or generally hurnan interaction 

could not possibly be measured in such clear-cut fashion as actual 

gravitational attraction is measured, i.e. simply by measuring 

. the size or weight of the respectively interacting masses in 
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cormnon weight lmi ts. However a certain analogy can be depicted 

and hopefully through an inductive process, certain relationships 

oan be brought to light. 

Some form of weight measure can be devised to accurately 

define the importance of various locations with respect to one 

another a:n.d in termE:1 of certain indioators of which the relevance 

could have beEm determined beforehand.. One can do nothing but 

agree with Sampson and Farris in that population size alone cannot 

possibly one such measure. But why set forth thts criticism 

and stop going a;ny further, discarding the 'vvholEl idea altogether? 

vrrw condemn a concept simply because "no one has ;yet (i talics 

min.e) conclusively demonstrated ••• the attraction between diff-

13 erent cOI!lrrJ.1 .. mi ties in a Newtonian sense n ? p Certainly population 

si2~e is not the sale determinant of inter-com,,'1liJ.l1i ty attraction~ 

but it 18 a component force in the whole complex of forces that 

determine attraction as a whole. There is no doubt that transpor-

tation activity is related to certain attraction forces, and 

where forces occur 1 some form of a gravitational concept can be 

of relevance, because the existence of forces readily implies 

the existence of either attraction or repulsion or both. 

Vrna t we are after is a general definition of a measure 

relating 1,;0 a certain index of' mobility potential. Tbe index 

values will then be used to determine the extent: of point-to-

point attraction Xvi thin a certain syster;;, Tl1e total system. con-

cept is of extreme importance here. By virtrw of the fact that 

13 Samps on and Farri.s, 10 c • cit s 

I 
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\ve are dealing vlith gra:vi ta tion, ~ we ipso facto are dealing with 

a resulting equilibriwll therefrom, and ,!;lss').8ing this end result 

of eqtlilibrium, we have to define the system totally and include 

all relevant forces and their effects in reaching this verye![ui-

unless we can legitimately and fairly accu-

rately approximate the effects of any extraneous forces by intro

ducing an extra point representing the outer system under some 

such heading as II r est of the world!!, gravitational models will 

have to be applicable only to closed circuit systems and the anal-

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

Factors Affecting the Volume of Travel 

In assessing the volUIne of travel, we have to first deter

mine the important factors affeictingthe volume of travel., and to 

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

centers, i .. e. departure and destination points. We can classify 

these factors in the following fashion: 

10 Economic and social characteristics of travel centers. 

a) Commercial cities, where the dominating activity 

is trade~ 

b) Industrial cities, where production activity is 

the prime factor~ 

c) 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 \lvi tnessed. 

I 
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2. Geographic situation of travel centers with respect 

to one another. 

a) Dist~~ce vtith respect to other centers. 

b) Presence of natural ground hindrances (mountains, 

lakes, straits, etc.) along the travel span.14 

Additive versus Multiplicative Indices 

An index used by the Civil Aeronautics Board of the United 

States in order to estimate the relative importance of traffic 

bet\lveen a city A and cities B, C, D, etc. is the Ji2assenger traffic 

ratio p defined as: 

popl 
p=---

d 

where: 

P: Population of A 

1": 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 noted that the 

demographic product rather than the demographic sum is used in 

the formulation of the index. A numerical example will suffice 

to justify the adoption of multiplicative ind.ices rather than 

additive oneSe Let there be four cities A,B,C, and D. Let their 

populations be 500,000; 500,000; 999,000; and 1,000 respectively_ 

Using an additive index, we would have 

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

Supposing the distan.ce between A and B to be equal to 

14The factors thus enumerated will be explained in detail 
.and their relevance discussed later in the text. 

BOGAZiC\ UN\\IERSITESi K.LlTUPHANESi 

I 
i 
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that between C and D, &"1 additive index would indicate the same 

amount of interaction between the cities of each set. However, 

it is self-evident that A and B will have a much larger traffic 

between them than that between C &"ld D, ~ince the latter is such 

a negligibly small tovvn. But the Illul tiplica ti ve index would give 

a much clearer picture of the real-life situation as the fol10w-

ing figures indicate. 

A )( B = 2, 500 )( 108 

CxD = 9.99xl08 

Presentation of Various IVlodels already in Use 

G. Desmas has compiled various methods of traffic esti

mation in air transport. 15 The following is taken in summary form 

from his study. 

L Study by S. B. Richmond: "Forecasting Air Passenger Traf

!ic_ by l'!~l..~il?l~Regressio? Analysis" (1956 )16 

After an analysis of existing traffic, a search is made 

for a relationship between this traffic and lIcommon interests, II 

distanoe and quality of existing services between the two points 

being studied. A number of characteristics of urban centers, such 

as economic, social~ cultural, and demographic factors are consi-

deredo Especially the population and the distanoe have been par-

15Go DesIllas, Methodes dtEtude du Marche dans Ie Transport 
Aeriell ("Etudes ITA,"llfo. 64711-F; Paris: Institut du Transport 
Mrien, 1964), pp. 23-32. 

16Information regarding the individual studies considered 
are reproduced as they are related 11; Desmas' study. It will be . 
noticed tha·t they are 1.L.'1.fortunately J..ncomplete as to the facts of 
publication. 

I 
I 
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ticularly eXal!1ined in the quest o~f an applicable formula. The 
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number of travelers registered in hotels according to their per

manent residences has been used as a criterion in developing the 

model~ The general shape of Richmond's model is reflected by the 

f'olloV'{ing formula: 

T . . = K' 
~J 

P.· P. 
1. J 

Dij 

which expresses't.he traffic T .. between two tOlfms of populations 
> lJ I P

l
, and P. senar$;"te.d by a distance D ..• J 1:'. . lJ 

2* Study ,by Daniel III. Belmont (University of California): 

"A St]J.dy of )~:.+rl~he Inter-Station Traffic" (1958) 

Belmont's model is of the form 

(T.·T.)P 
T .. =K. 1 J 
lJ Dq 

He interpreted the minor influence of distance on long 

routes, because q is calculated to be less than one. Desmas as

serts that this moelel can be used to efltimate potential air traf'-

fic betl-veen two towns which have no air service. 

3. Study by W.J. Platt (Consolidated Vultee): I1Evaluating 

InterCity Aip Traffic" (1946) 

This study is based on the relationship to be found on 

the following page. 

I 
1 

I 
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d 

where t is the traffic between two towns of populations Pl 
and P2 at a distance d from one another. 
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4. Study by S. Tom.asino: "Contributo per il oa10010 di un 

indice defla dis~ribuzione territoria1e della olientela potenziale 

dei .se;rvizi _aeF~j in Italia" (1961) 

Tomasino tries to establish an index of local activity of 

regions of Italy by a calculation based on fourteen economic para

meters (numbe~c of bap,.k 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-

a1 tovV'Il. 

5" Study by Dr. lng. E. P. Piper: "Die Netzanalyze als 

Gr-undlage fUr Luftverkehrsplanungen" (1957 ) 

where HI and R2 are representative of the air traffic potential 

of the respective cities and notes that according to American 

studies, it would seem that wholesale turnover or the number of 

employees in industry can be used for R. 

Piper's model contains certairt interesting refinements 
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such as the inclusion of the time-saving factor in air travel 

PAGE 29 

and the price per unit. of time saved, wtdch are supposed to be 

includ.ed in the factor C which should 'nO~G be accepted as a 

constant. '.f'h(~ -saving factor is expressed as 

Tail' - 1 - ___ _ 
T ground 

The prJ.ce per unit of time saved is expressed as 

P. - p all' ground 
w -

T. - T -alr ground. 

where P represents the price and T the d"Lu'ation of travel. The 

subscripts are self-explanatory. 

All of the models reviewed above present certain common 

points. No matter \I\That the details of the. various formulae may 

be, one notes right away that the tovv11 sizes are in direct pro-

portion to the volU1l1e of traffic, whereas distance between the 

towns exhj.bi ts an inve:cse proportionali t~l, which is very inter-

esting information for builders of othe:c t3Uch models. 

I 
! 
I 
I 
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CHAPTER IV 

APPLICATION OF THE GHAVITATIONAL FLOW CONCEPT 

TO CJ~SEn-CIRCUIT AIR TRANSPORT NETWORKS 

A Elormalization of Point-to-point Network FlovfS 
in an n-point Closed-circuit 

PAGE 30 

Presenta~ion.--Let us 'define a closed system in which 

there are various airports located at n different points. Air-

line services are operated between a nUEber of these airports. 

Certain airports may be connected to all of the other airports,17 

certain others may be not. If we use two counters or subscripts 

i and j denoting the origin and destination of travel and P 

denoting the m':U1lber of passengers, Pij will represent the num

ber of passengers carried from i to j within a certain period 

of time. By the use of this notation, we will obtain a matrix 

where the ith row will contain figures representing the number 

of passengers departing from i to the destinations I, 2, 3, •• 

• t j, •• " , 11; and the jth column will be constituted by 

figures representing the nu.mber of passengers arriving to j 

from the origins 1, 2, 3, .•• , i, ••• , n; subject to the 

limitation that the terms along the diagonal, namely Pl1 , P22 , 

I 

.17The said connections need not be non-stop connections. I 
However, transfer connections are not 0 acceptable wi thin the scope i 
of this definition '; whereas all direct connections are. 

• 

\ 
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Pig. 3.--Point-to-point passenger transport matrix (Gener
al form. ) 

P33 , . ~ • , Pnn , will all be equal to zero. Using a shorter no

tation, this becomes: 

for k = 1, 2, 3, ••• ,n 

In this fashion we obtain a point-to-point passenger 

transport matrix, shovm in Fig. 3 above. On the right hand side 

of the matrix, we find the total number of ,departures from each 

airport regardless of destinations. These are DI , D2, • • • , Di' 

•• 0 ~ Dn" Just in the same way, at the bottom the total number 

of arr:Lvals at each airport regardless of origins are tabulated: 

.. , A. , 
J 

• • • 
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J.J8 t US assume that we know only the D. I S and A. t S 
1. J 

and 
,J,.~;c Ci"'. '."'. 

we would like to apportion them to the various cells of the ma-

trix in a consistent manner. Let us furthermore adopt the prin-

ciple of proportional allocation of row totals according to co1-

umn totals and oi' colurrm totals according to row totals. 

The resulting relationship that would yield the individ-

ual cell values will be then: 

or 

D. A. D. A. 
1. J 1. J 

P ~ = --------.!::.------= --:",~~-
ij D1:+-D2 •• ~ + Di • • • + Dn z:. D. 

D. A. 
I _ __ ___________ 1. __ ~J __________ _ 

Pij - A-,+A2- • • • +A j .J. ~ 

i.= I 1. 

D. A. 
1. J 

I'\. 

LA . 
j=1 J 

. Since aLL departing planes will have to a.rri ve some place, 

by definition we have: 

s 

I 
Then P .. is conveniently expressed as: 

l.J 

D. A. 
1. J 

S 

But th:i.s relationship does not satisfy the constraint 

for k=l, 2, • , n 

! 

In fact, this is the reason that we use the Pij notation rather 

than simply P ..• ., ., 
~,J 

I 

I 
I 
I • 

! r 
t 
i 
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In order to eliIuinate this inconsistency, let us further 
I 

proceed to a second proportional allocation, whereby each P
kk 

term will be considered as made up of two parts, one of which 

will be allocated to the (n-1) terms of the kth row, and by 

the same token, the other to the (n-1) terms of the k th colum.1'l. 

! I I 

Pl;:l;: == Pkk-row + Pkk-colurln 

or 

term of the above equation represents that part 

0:1:' the oe1.1 ve".1t)~e tn th at the intersection of the k - row and the k 

colu$."1 (therefor(~ a diagonal cell) which is to be apportioned to 
th all the other 06'118 of the k row, and similarly the second term 

of the equation represents that part of it to be apportioned to 

11 h ~ 1 ,. , kth 1 tl b . + . d' t a ot er C81.._,:;' or tue co umn, as 1e su scr1pvs 1n lca e. 

This apportionment will be proportional with respect to all terms 

of the row (or colur;.Yl), except of course to the diagonal one. By 
, 

doing so~ we obtain an adjll:,sted value for Pij which we will de-
c:(::~ "'_" ·~·f'·'~"'!:'" 

'* note by P .. ~ lJ 

'* t P .. = P .. lJ l.J 
, 

D.+A. - 2 P .. 
l l lJ. 

, 
P .. + ______ ~J~J~ __ r,_ 

Dj+A j - 2 P jj 

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

can apportion total figures to the appropriate cells always in 
~~-'l'.'j',' .. :, :;'Jr'}'!! ,! 

~---.:~--.. --. ---~------~.-------
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compliance with the requirement of "having zero-value cells along 

the diagonal of' the point-to-point passenger transport matrix. 

The derivation procedure above and the relationship arriv-

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 representing distance, there is nothing missing 

in the P;. 
~J 

relationship, which in effect is starred simply be-

cause the final relationship has not yet been attained. 

In order to include the dimension of distance, we propose 

the following adjustment: 

where dij distance between points i a~d j. 

<:>{ 'f ' t : constants (parameters of the system) 

~:he term eO( is a constant introduced for purposes of 

correctiol1 oflJ.nit:3. It has been taKen in exponential form in 

order to facili t,;3.te the application of linear multiple regreSSion 

on a logarithmic scale by the application of' the formula 

ln P .. :: 0( + 13 In P ~ . + t lne d
iJ

. e ~J ,- e lJ 

I 
I 

/ ft 
- ! 
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Concept and measures of cOl1nectivity.--In order to get 

a general appreciation of flows in closed-circuit networks, let 

us review the properties of connectivity as'sociated with such 

networks. 

The word connectivity expresses the existence of linkages 
between elenl~l1 tB, and the possibility for these elements to 
conununicate arn.ong them. • " • 

All problems involved with the circulation of economic 
ilobjectslf (persons, goods, credits, debts, information) be
·tween econorl1ic IIloca tions It (Gountries, regions, urban or rur
al centers, industrial locations, loading and unloading 

i 

I 
points, machines of a chain, persons of an economic organi'" 
zation or establishment, groups of a complex economic set,etc.) 
can be· repref3ented by what is called a graph. IS 

(}$ ... Iill •••• ..,e.Q ............... . 

ThemosG general property [of a graph or network] is that 
of t..l-J.e !HJ.ant.itative existence .,9,f l.inkages in a network, Le. 
of connectio'tls between the various tYDes of economic "lo
cations!! tE.at'one could visualize", or~ graph "nodes u (quanti-

I I 
tatiY8 IneaSU.re of connectivity. ).lj . 

We will say that there is connectivity between two 10-

cations as long at~ exchanges are present between them. 'Phese ex-

changes could be performed either directly or indirectly, i.e. 

through j.ntermedi~;tte stops between origin and destination point~,. 

The concept of cOY.1..necti vi ty also brings forth the concept of de-

gree of connectivity. When there is direct connectivity, we speak 

of first-degree con.nectivi ty, and when connection exists but in

directly, we speak of nth-degree connectivity, nbeing the number 

lSErb~s states that "for abstract definitions of connec
tiVity notions" the reader can refer to: 

~ 

I i 
! 

C Berge, Theorie des Graphes et ses ApplicatiolG.§. (Paris: I ! 

~ i • 
Dunod, 1958.i I : 

A" Kaufmann, Methodes et IVlode1es de la Recherche Opera- I i 
.ttonnelk. l(pariS: Dunod, 1959), Tome II. \' 'II, 

9Robert Erbes, L'Integration Econom.ique Internationale, 
trans .. Hasan Akbelen (IIEtudes Economiques Internationales lt

; Paris: I 
Presses Universitaires de France, 1966), pp. l07-O8~ I \ 

__ J \ 
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of intermediate points minus one.~ 

a) Connectivity number.--This number is taken as the 

PAG~ 36 

number of link:ages between the nodes of a network, without ref

erence to the direction of flQ',v. So in an n-point network, the 

m.inimum connectivity number will be 

The maximum nlW1ber of connectivity will be then 

n (n - 1) 
N :------max 2 

Ll this type of a network we obtain a triangular matrix 

of which the diagonal contains zeros only and all the other cells 

are either one, expressing merely that connectivity exists for 

the connection represented by that cell, or a figure relating the 

quantity of the economic object taking part in that flow as a 

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 minimally connected network, the number of possible route 

options is only one. 

b) Actual connectivity ratio.--If we denote by N the 

actual lltJlnber of existing connections (direct or indirect), the 

actual connectivj.ty ratio is defined as 

'c} Connectivity index.--The actual connectivity ratio is 

I 

\ 
~ 

j 
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I 
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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 opes should be deleted in case there are redundancies 

in the network connections. 

So, we define the connectivity index as 

c. I. = N (n - 1) = N 

vvhere N denotes the number of existinglinkages as before. 

So, for a connected network we have 

Then, if ·C. I. <0, we say that the network is not con-

nected, and if C.r.)N - ll. , max m~n 
we speak of redu..ndancies in 

the netviJOrk. 

Applying these concepts to the T'LlI'kish Airlines domestic 

network, we obtain the following results: 

N= 42 

n= 19 

N. = 
m~n 

19 - 1= 18 

19x 18 
Nmax = = 171 

2 

171 
C.R.= = 4*07 

42 

c. I. ::. 42 - 18 = 24 

9P ·a2tb_"~ 
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General properties of the model.--The model which we are 

trying to determine will be based on interaction forces existing 

between Turkish cities an,d will attempt to determine quantita

tively the degree of exchanges of persons between them in terms 

of airline passel'lge:;:o figures. 

As we have tried to develop the idea of a total system 

so far, and based on it we introduced the concept of connectivity, 

in order to determine the equilibrium plane of the system on 

which the results sought will be fOlmd, we have to correct the 

presently available data to fit perfect connectivity conditions. 

Then and only then, gravitational interaction forces can be 19-

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 

socio-economic variables, each playing a determined role to a 

determined extent. 111Iis weight can be said to represent an index 

of mobi.lity potential for the city considered and rather than 

using any arbitrary scale of measurement units, "ye 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 

ci ty. Purthermore, tt is logical to assur.o.e that the number of 

air travelers using the airport of a given city is a good surro

gate of the !Y.~Jl2;ht of that city in terms of air traffic potential. 

I 
I 
I 

I 
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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 system, which is in our case the domestic network of Turkish 

Airlines. This assumption merely states that the parameters 0( ,f.J ' 
and t will be applicable to the totality of Turkish cities. 

Thirdly, vie will state that the estimates derived from the 

model shall be deemed reliable, with the understanding that they 

will of COlJ.I'Se be subject to a Elargin of statistical error, for 

those airline coanections that already were in operation and whose 

air travel data has been used for the building of the model. How-

ever, the estimates for those connections that are presently non-

existent should cautiously be taken as merely an indication 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. 

I 
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CHAPTER V 

CROSS-SECTIONAL ANALYSIS 

OF THE DOlvIESTIC NETWORK 

OF TURKISH AIRLINES 

Setting the Basis for the j;iIodel 

P.,\G11 41 

As we have made clear earlier, one of the essentials of 

gravi tational Elodels is the determination of the relative weights 

of the C011L"'l1lmi ties considered. We have said aso that these will 

be assumed to bear a relationship to certain socio-economic fac-

tors which will form the basis of the analysis. Let us now review 

what these $ocio-economic factors will be arid why they have been 

chosen rather than others. 

A. Socia-economic factors influencing air travel. 

L Urban population.--The City's economic activity is 

largely determined by the size of its population (cf. location 

theory, ('''hapter II.) Il'he very fact that any acti vi ty will be due 

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

quirement in a list of socio-economic factors. But what type of 

population?Certai.nly~ since we are considering a special kind 

OI trfu~sport, namely "that which is done by air, we would be en

titled to choose urban population rather than population in toto~ 

I 
I 

I 
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at least for the case of ~C'urkey, where the population in higher 

income brackets is largely accolL."lted by urban population. 

2~ Literate population.--For the specific case of Tur

key where the degree of illiteracy is considerably high, the sig

nificance of literate population rather than population per se 

was thought to be worthwhile to investigate in the context of the 

regression analysis~ 

30 Bank deposits. --12he volume of bank deposits reflects 

the prosperity of the urban conrrnunity, considering that most of 

the banks are located at urban centers in the first place and that I 
the rural population I s savings can be assutled to be small in COffi-

parison to "those of "Ghe urban one • Private and commercial deposits 

have been incllHl~)d in the figures and official government deposits 

are excluded~ It is clear that air travel requires a certain mini-

mum level of prosperity. Bank deposits rather than income tax 

revenues have been accepted as a better indicator of prosperity, 

because of the notorious unreliability of income tax figures re-

ported by taxpayers~ 

4 .. N:Llmber of firms. --Vfuen considering the number of 

fir-IllS, two basic categories have been accepted as reflecting prop

erly the general commercial activity of the tovms considered. 

These were the jOint-stock and limited responsibility companies. 

It is generally accepted that business accounts for a large part 

of air travel. The percentage of business travel in the United 

States is "50 per cent. 1I1he United States is the leading 'consumer 

society' a'1.d yet • • '. [thiS figure ShOWS] that, as yet, really 

\ 
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quite a small proportion buy air travel out of personal income.,,20 

5. ~~antity of electrical energy used Tor ill~~ination.-

The consumption of electrical energy is a good sign of prosperity 

and of consl.unption expenditures in general. Since what we are look

ing for here is an indication of consumption expenditures of indi

viduals, industrial consumption was not included in the figures. 

6. Nrunber of transient facilities.--

a) Overnight accon~odation: The number of beds offer

ed by hotels, motels, pensions, etc. has been taken in order to 

have a measure of tile to'fln' s attraction power. 

b) Hestaurant capacity: The number of restaurant seats I 
has been included in the analysis for the same reason as overnight 

accommodation capacity. 

The analysis is assumed to show subsequently whether 

either one or both are significant in the determination of air 

traffic potential. 

7. number of private automobiles.--The o\vuership of an 

automobile is a good indication of prosperity, especially in Turkey. 

Therefore, the num.ber of automobiles can be expected to show a high 

correlation with air traffic. 

8. Nrunber of registered radios.--The number of register

ed radios is quite a reliable figure in Turkey and is perhaps the 

only reliable figure available for &~ything in the catego~J of 

household appliances. This also was expected to be, to a certain 

extent, an ,indication of the degree of prosperity. 

20 Jack IJ. GruTIibridge, Marketing Management in Air Transport 
(t'Business i';Ianagement in Transport"; London: George Allen and Unwin, 
1966), p. 44. 
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9. NU,hlber of' telephone subscriptions. --IJ1elephone sub

scriptions are scarce utilities in 1I'Urkey and constitute even a 

COLliTIercial commodity, since they can be disposed of by way of 

trade. Therefore, they can be expected to be a very good sign of 

the availaM.,li ty of disposable income. 

10. iIifeasures of outside conn,ections.--

a) Number of letters exchanged, 

.\ b) Humber of telegrams sent and/or received, 

c) Number of completed long-distance calls. 

All of the above are by themselves measures of inter

action with other con1~unities. Since they reflect a tendency to

ward long-distance interests. they can be expected to bear a re-

latlonship to the extent of air travel. . 

11 .. Number of associations. --The weight of a city is 

also accounted for by its degree of institutionalization. The 

nmaber of associations presently active in a city can be accepted 

as a measure of the degree of institutionalization, if nothing 

b t .;.· '1 ' - 21 e ver ~s ava1 aOLe. 

12. Nlilllber of passengers transported on the highways.-

Although air transportation is in many ways different than ground 

transportation, an already existing ground traffic can be inves

tigated as to whether it bears a. relationship to potential air 

traf'fic. At any rate, as a EriIne. facie assumption, we can say it 

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

------------------_._---------------------------------------------------------
21The government employees would have been a very good 

mea""ure of the de,ctree of institutionalization, especially to ac
cou~t for Al1.1{araf~ air traffic. However, this precious data could 
not be obtained. 

I 
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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, 1;ve are going to assume that the nineteen airports of 

Turkey will constitute nineteen different regions to which one or 

more provinces or part of thern will be attributed. 

B~ Deter::lination of the hinterlands of TLlrkish airports. 

It must v.l1fortunately be admitted that no study relating 

the passenger profiles of each airport broken dovvn vii th respect to 

the provinces of their permanent residence has been found by the 

yvri ter of this text. 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 A..YJ.kara., x per cent are 

from iU'l_1(ara; y per cent from Eski§ehir, z per cent from' Qanl{l.r~, 

etc.) Since this is not the case, our only possibility is resort-

ing to comrUOn sense and associating provinces or portions of them 

with ~ndividual airports by more or less educated 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 directions of travel. 

Erhis allocation ,,>!ill be as follows: 

Ada.'1a (ADA) 22: Adana + 2/5 Konya + 1ge1 + Ha tay + 1/3 Mara§ 

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

22 The abbreviations in parentheses are international air
port name codes, and these will be used throughout for the various 
tables. 

I 
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Afyon(AFY) Af'yon + 1/5 Konya +1/2 Isparta + 2/3 Ktita.hjT~···· 

+ U~ak +1/3 Eski§ehir + 1/4 Deniz1i 

A.1llcara (AiifK) Ankara + 2/3 Eski§ehir + 9ank~r~ + Bolu + Qorum 

+ 2/5 Konya + 3/5 Yozgat + 1/2 K~rl?ehir 

+ Kas tamonu + Zonguldak 

Antalya (AYT) : Antalya + Burdur + 1/2 Isparta 

Band~rma (BDM) : 2/3 Qanalckale 

Bursa (BTZ) ! Bursa + Bilecik +1/3 Ktitahya 

BalJ.kes i1' (BZ I) : Ball-keei1' + 1/3 Qanakkale 

DiyarbakJ.r (DIY) : DiyarbakJ.r + 1/2 Urfa + Mardin + Siirt 

Erzinca.YJ. (ERe) : Erzincan 

Erzurum (ERZ) : .8rzurufn + Kars + Agr~ + 1/2 lVItu} 

Elazl.g(Ez·S) : E1~zl.g + Tunceli +Bingol +1/2 Mu§ 

Istanbul (1ST) : Istanbul + Tekirdag+ EXlirne + Kl.rk1areli 

+ Sakarya +Kocaeli . 

Izmir(IZM) : izmir+Manisa+Ayd~n+Mugla+3/4 Denizli 

Kayseri(KYZ) Kayseri + 1l1ev§ehir + 1/5 Yozgat + 1/3 fVIara§ 

+ 1/2 KJ.r§ehir+ 2/3 Nigde 

Malatya (1VILX) : Mala tya + AdJ.yaman + 1/3 Mara§ 

Samsun (SSX) : Samsun + Sinop + Amasya + Ordu + 1/3 Tokat 

Trabzon (TZX) : Trabzon + Giresun + Gtimu§hane + Rize + Artvin 

Van (VAN) : Van + Bitlis + Hakka.ri 

Sivas(VAS) 8i vas + 2/3 Toka t -t- 1/5 Yozga t 

After having assumed the aboYe distribution of hinterlands 

according to airports, we shall determine all socio-economic var

iables for the region a:t'ter the specified pattern. 

I 
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As a prerequisite of the gravitational model we have to 

assume perfect connectivity condi tiona. If they do not exi.st, we 

must find a way to establish them, mutatis mutandis. To this end 

we propose the following. 

1.'he existing lines of Turkish Airlines will be investigat

ed as to the number of passengers being carried. Since the summer 

season is most active, the data used for the analysis will be that 

for summer 1968. Denoting by Xk the various socia-economic var

iables at hand, We will try to establish a relationship of the 

form23 

where n is the "total number of variables. 

To c10 80, we shall try various ways such .asthe use of the 

cross-products .of the variables as shown above in their original 

form, then of their logarithms as the variables. We will then in

clude the distance between i and j as a variable a~d in these dif

ferent forms of the equation, we will try to obtain the best re-

latiol1ship for P .. 
~J 

by multiple regression analysis. 

After thus having established a. formula which will make it 

possible to estiinate the traffic bet1(veen any city i &'1d j, we 

will calcula-ce Pij for all possible connections. Summing these 

23For an interesting type of airline activity analysis 
which suggested various refinements refer to: 

Nevins D. Baxter and E. Philip Howrey, "The Determinants 
of General Aviation Activity,fI Transportati,.9n Research, Vol. II, No.. 1 
(March, 1968), pp. 73 -81. 
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values up, we can obtain a total figure for the departllreSand 

arrivals of passengers for each airport. 24 We vall use the es

timated values for cornlections that are presently non-existent, 

but we will replace actual values for connections that are in 

operation, unless they are clearly under-utilized due to insuf

ficient frequencies 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. 

A. 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 to establish a relationship 

between these and the socio-economic factors associated with the 

airport regions considered. Bach of these will have a certain 

contribution to the making of the total demand and so a linear 

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

T\.. 

Di = bo + L bk "lScj. 
k=i 

Tl.1is type of an analysis will give us an idea about the 

extent of the contribution of each variable considered to the to

tal potential traffic, a:'1d rather than an arbitrary aSSignment of 

weighting factors, a more reasonable and justified determination 

24Since the relationship used for P.. will not take 
into consideration the direction o~ flow, th~Jdepartures at any 
airport will equal arrivals. So th~s means: Di ;:: Ai 

: : I 
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B. Determination of the gravitational parameters ot.t/3 , t. 
'Ihe Di values thus obta:i,.ned will be used to determine P~j 

values for all existing connections. fJ.'hese values together with the 

ground distance data between pOints i a.l1d j will constitute 

the inputs -1;;0 the gravitational formula. 25 

.A new multiple regression analysis will be performed at 

this stage in order to determine the gravitational parameters ex 

and "( • 

The relationship giving the traffic potential on the one 

hand, and that giving the point-to-point passenger figures in terms 

of the network parcu!leters 0(, (3, and t 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 ]jIodel 

In the course of the investigation in quest of relevant 

relationships, the IBM computer library program 1620/ 06.0.184 

for linear multiple regression has been used. This program gives 

quite a detailed output. Other than the usual output of partial 

regressioll coefficients and the coeffiCients of fiul tiple deter

mination and cor:celation, one can avail himself by the variable 

means and standard deviations, the standard errors of the regres

sion coefficients, the beta coeffiCients, the standard error of 

25Ground distance rather than straight-line air distance 
is used, because this is de facto the distance that affects the 
prospective 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. Furthermore, 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 perfQrmed will be found in the Appendix B, each 

result being clearly captioned as to its particular conditions. 

All of them were started out vii th all of the variables mentioned 

as their input. The significant variables remaining in the solution 

are indicated by abbreviated na'TIes in a format required by the 

computer program, but this abbreviation is clear to understand. 

Since it would taJ.{e 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 each run has been incorporated into the thesis. 

Explanation of Computations 

As the passenger traffic figures for the regression anal

ysis were considered, the figure adopted as dependent variable 

.was the highest of the two figures for both directions of flow 

for the same point-to-point connection. These figures were given 

earlier on Table 2. 

IIihe first relationship pattern analyzed was that of the 

point-to-point traffic to the cross-products of socia-economic 

variables. This resulted in the elilIl.ination of all variables but 

one, and not even the last one that remained was any significant. 

'l1}}e statistic twas equal to 0.62935 and the coefficient of 

I 
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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 flows abode. 

Secondly, all of the cross-products were replaced by 

their logarithms and a logarithmic relationship was sought. The 

P.. figures were also changed to assume the value of their loglJ 
ari thlUS, of course. As a first trial, the distance b,etween the 

cities concerned was not included as a variable and for the 42 

observations a coef'ficient of correlation 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 correlation coefficient and a decrease in the 

stru1,dard error of the estimate were reached. These values were 

respectively 0.806 and 1.393. Correcting the correlation coef

£ician t for the degrees of freedom by the use of the formula 

m 
= 1 + DF 

where R is the corrected coefficient of correlation, m the 

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

we obtain for the former case R2=0.525 . R= 0.725 , 

latter -2 R= 0.776 and for the one R = 0.602 . ., 

However, this coefficient is still not sufi'iciently high, 

despite the fact that distance has been introduced. This is most 

probably d.ue to the fact that the fourty-two observations at hand 

are widely different, since within the same set of observations 

we have such insignificantly small lines as the Afyon-Antalya line 

I 

I 
I 
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carrying only 36 passengers for the vfl101e sur~ler, and importa~t 

lines Buch as Istanbul-Ankara carrying 46,335 passengers. further

more, the city of Samsun gave very different estimates from the 

actual values. ,This m.ight be due to the fact that Samsun is quite 

a dey-eloped ci'ty and has an important air traffic potential. But 

it is also true that Samsun is connected to other centers 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, Ballke-

sir, -8rzincan and Sarflsun* This sharply increased the coefficient 

of correlation to a value of 0.936 which means the coefficient of 

multiple deternination was 0.877. The standard error of the esti-

mate dropped to 0.608 for a mean value of 7.534 • The corrected 

value of the coeI'i'j.cient of correlation can be computed as 0.920 

and tha.t of the coefficient of multiple determination as 0.845 • 

A further elimination was done and the city of EltlZlg was 

left out of the regression analysis. This decreased the number of 

observations to twenty-seven. For this run, the results were ob-

tained as follows: R=0.942 and 

coefficient of Illultiple correlation, and 

R2= 0.888 • R denotes the 

R2 the coefficient of 

multiple determination. The corrected values are: 

R=O.921 and 

Afte~cwards, a computer program was designed so that the 

---------------_._-------_.---------------------------------------------------
26It miR'ht be of interest to find out by way of a survey 

whether the pas~engers boardin~ in Ank~ra exhi?it a clispropo~tion
ate consti-tuency of Samsun res~dents, ~.e. resJ.dents of provJ.Dces 

t ' -, . " Ol~t attributed to ine i::iamsun alrp .~ • 

~-----~-

I 
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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 at the present time, Istanbul is the only airport which ful

fills the perfect connectivity conditions, the result for Istanbul 

has been checked. fl'he 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 gave 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

economic variables. Two such runs have been performed so that the 

results of both the thirty and twenty-seven-observation regression 

analyses were used each time as dependent variable figures. 

The results vvere f01L.'1.d to be as follows, the subscripts 

denoting the nurr~ber of observations in the analysis: 

2 
R30= 0.995 

R~7 = 0.996 

corrected values: 

-2 
R30= 0.991 

-2 
R27 = 0.991 

The determina:tion of the potential traffic formula is only 

the first part of the determination of the model. 

I 
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[rha second part is the determination of the parameters 

ex. ,(3, and 7f of the gravi ta tional model. To this end, we shall 

'Ne shall proceed 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 twenty-seven on the third. On each run, 

the Di figures used 'v'lill be those obtained from the thirty and 

twenty-seven-observation regression analyses, Le. each of the 

three steps mentioned above will again be broken down to two more 

steps. 

11:he results obtained are tabulated on Table 3. As a con-

sequence of a cor"parisoll of various results, ·we can infer in toto 

that the best are obtained by using the thirty-observation sample. 

1].1he higher corrected correlation and the greater statistical sig-

nificance attained are in support of the foregOing statement. 

Therefore, the final formulae ~'!e were looking for will be 

adopted as follows: 

where 

1. The formula for potential traf:(ic. 

Di ::: 579.982 - 0.08232672 Xli - 0.20225524 X2i 

+4.9099674 X3i - 2.0299265 X4i + 26.746257 X5i 

+ o. 92839569 Xoi + 0.12533313 X7i - 0.06756726 XSi 

Urban population 

X
2 

! JJank deposits (in 1000 TL) 

: liotel, IiJ.otel, etc. beds 

Restaurant capacity 

:Privute autoncobiles 

I 
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RESULlj'S OP llfULI.PIPLE REGRESSION ANALYSIS 

FOR THE GRA V ITAT rON.AL FOHIVIDLA 

-

No. of obse rva tions Coeff. of CoetY. of Corrected values 
corre- deter-

Di re- gravi- lation ruination F-test 
tatio18l 

R2 R2 gressiol1 I'ormula R R I 
42 0.603 0.364 0.576 0.332 11.19 

30 30 O~940 0.884 0.936 0.876 103.22 

27 0.939 0.883 0.935 0.873 90.82 

42 0.647 I 0.419 0.624 0.389 14.09 

27 30 ('''; "'-', (\ D c;~ .. ~- .... J * . 

27 0.926 0 .. 858 0.920 0.846 72.56 

\ 
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X6 Registered radios 

X7 : Telegrams 

Xa Long-distance calls 

') .' !"flu' e . + t' I ~ I 27 ~ ~ gravlva lona Iormu a. 

( 
* )0.958 Pij 

d 0.933 
ij 

PAGE 56 

All component terms of this formula have been explained 

earlier. 

Discussion 

The above regression formulae are associated with a high 

coefficient of correlation which means that their predictive abil

ities are quite satisfactory. They can be used reliably 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

quireLLlents of aircraft fleet, pers Oll...Yle I , capital, etc. could be 

determined for plarming purposes. 

J'hOreOver, by the use of this model, one could satisfac-

torily judge the tmportance 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 

27 The exponents have been rounded to three decimals. For 
an exten.sion of significant digits, refer to computer solution 
in Appendix B. 
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operation might suggest a much greater 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 accounted for simply 

by the unexplained variation in the model or by failure to tap on 

curren-ely available potential. 

However, although this model is satisfactory for forecast

ing purposes, it does not point out the structural determinants 

of the demand for air transport. As'we have seen in the final for

mula for the potential traffic D. , such important factors as 
1 

urban population,. ban..1r deposits and restaurant capacity assumed 

negative coefficients. It is impossible to admit that as popu-

la tion increases the volume of travel will decrease. fJ.'his would 

be utterly illogical. Clearly, this outcome is due to the fact 

that the variables considered are forced to assume these negative 

coefficients in order for the function to fit a least-squares 

plane. So, if one or more of the variables are already quite 

highly correlated, their coefficients will be so adjusted by 

regression techniques to yield the highest possible multiple cor

relation coefficient. 11lhis is known as the mul ticollineari ty 

effect. Therefore, one needs not worry about the reliability of 

the final relationship due to ~he seemingly illogical coefficients 

obtained. 

However, let us proceed to another regression analysiS 

where we shall rearra.nge somewhat the same data available to us, 

changing.part of the variables to a per capita basis. 

l-et us defir1-e the ned variables as follows: 

• 

I 
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L Urban population 

2. Bank deposits/urban population 

3. Number of firm,s 

4. Literate population 

5. j~lectI'ical energy constJ.mption/urban population 

b. Hotel, motel, etc. bedB 

7$ Resta.urant cauacity 
k " 

8. Hllil1ber of priva.te automobiles/urban population 

9. Number of registered radios/urban population 

paGE. 58 

10. Nu_mber of telephone subscriptions/urban population 

11. Number of letters exchanged/nlli~ber of firms 

12. Number of telegrams sen t/nur::tber of firms 

13. Nurnber of long-distance calls/nu.rnber of finEs 

14~ Number of letters exchanged/urban population 

15. Nmnber of telegrams sent/urban population 

16" i'Jumber of long-distance calls/urban population 

17. Number of associations 

18. NWllber of passengers carried on highways 

19. Number of firms/urban population 

200 Distance between the points considered 

Variables 2,5,8,9,10 will thus be indices of prosperity, 

propens)i ty 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 

industrialization &''1d also of employment opportunities. 

irhis real~:cai1geEent of variables actually gave a very good 

I 
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correlation and the structural determinants have proven to be 

more in l:ine with common sense. However, the number of associations 

and the nt.JJ1loer of firms per capi"ta of urban population still as-

sumed negative coefficients. lJ.'he correlation measures are: 

R = 0.940 

R =' 0.921 

R2:: 0.884 

H2= 0.847 

The variables remaining in the solution were: 

Xl Urban population 

Restaurant capacity 

Nu~ber of associations 

X Uuruber of firms/urban population 
4 

X:;; : Distance betvveen the points considered (1 and j) 
? 

X6 ; Number of letters exchanged/urban popUlation 

~ Number of long-distance calls/urban population 

The formula for P .. lJ 

In Pij = - 30.372242 

+ 1. 32777539 

- 1.9383461 

0.89603827 

- 1. 25507588 

+ 1. 2838833 

+ 2~ 7288383 

was found to be 

+ 1.4411978 In (X1iX1j ) 

In (X2iX2j ) . 

In (X
3i 

X
3j

) 

In (X41 X4j ) 

In X5ij 
In (X6iX6j ) 

In (X7i X7j ) 

This shmvs that urban population, restaurant capacity, 

the number of letters and long-distance calls exchanged and 

I 
I ! 
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I 

ground distance are important determinants of airline activity 

in terms of passenger demand. The lowest value obtained for the 

T-test was 2.87 which is above the 0.01 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 siguif-

icance. 

I 
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Although lurkey is essentially a developing country, air 

transportation which is generally accepted as an expensive and 

even luxurious 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 certain neVI lines could be in

augurated. iro this end t a plotback of the final gravitational 

formula is given for each possible connection in Appendix B. Air 

traffic potentials of cities like Adana, Izmir, Samsun in general 

and certain specific lines such as ~~talya-:tzmir, Ballkesir-Izmir, 

Trabzon-Erzurwa would perhaps be worth investigating in the C011-

text of surveys ad rem. 

J?urthermore, the vvriter of this thesis feels that there 

are strong reasons to assume that by the adoption of drastic meas

ures of quality improvement in the Turkish Airlines' services, 

much untapped resources could be attracted ·to air travel. Many 

passenger complaints are in fact noticed, especially on matters 
28 

of punc-t;uali ty and "treatment of passengers. 

28Metin Toker, "Bu Hesab~ Biri Sorma11d~r, II NIilliyet, 
Y~l XVIII, SaYk 7211, 21 Aral~k 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 the model 

developed to achieve a more true-to-life delineation of airport 

service areas. Once this type of a survey is undertaken, other 

information such as purpose of travel, age, profession, etc. 

could also be gathered. 

The author of this study has had the privilege of commu

nicating a.Yld getting acquainted with the research and planning 

personnel of THY and is happy to state that very dynamic steps 

are being taken toward more a:.r"1d more valuable research and a 

constant effort toward upgrading the quality of that research is 

present6 

A rigorous proof of whether or not 1L.'1tapped potential 

exists requires many more detailed studies, investigating the ef-

fect of price elasticities, frequency of services, speeds of air-

craft, design of schedules on the attraction of people to air 

travel. ffhe present work should be vie'.ved only as possibly setting 

a guideline toward a systematic approach to find out where to look 

for most probable 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 j.n this study, much of the unexplained 

variation may d · ~.., t· 1 29 Ct' . b be due to price lI~eren la s. - e erlS parl us, 

29'The factor W in Piper's model (see Ch. III) was intended 
to be incorporated into our mod.el. But this required tl;e ?oll:ction 
of price data on alte'rnate lllodes of travel which was dlfflCull> to 

I 
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price is a "\ter;! significant determinant of the volume of air trav

eL An investigation of t.~e effect of price per kilometer of trav

el on potential air transport demand would be highly recommendable 
, 

as a :t'urther research subject on the Turkish Airlines domestic 

network. 

Also of special interest are service frequencies. An effort 

toward the realization of optimum frequencies with respect to air

craft capacity might well prove to be extremely profitable. A study 

of incomrE:mience burden on the passengers in terms of waiting time 

between f'light$ night be made through qU8stionnaj.res distribu.ted 

among passeD.gars Emd this would greatly help the preparation of 

timetables. This study could further be improved by the introduction 

of elements of queuing theory so as to attain the optimum scheduling 

of flights, aircraft IJ.aintenar.l.ce and engine overhaul times. This 

would malte possible the use of time in a most profitable way and 

would not be one of the lesser types of profit" since time is per

haps the scarcest resource in airline operations. Higher utilization 

levels of the aircraft fleet would thus be realized. 

, A.nother type of study ,that could be recoTI1'nended is the 

design of SOille system whereby the aircraft routes can be determined 

in order to achieve optimum load factors, given the demand on 

each portion. Queuing theory would again be very helpful here and 

one of the important operations research tools that the designer 

----------------
obtain for t..1-J.e whole country, and a~l the po:s~ible ~onn~ctions in 
the first place. Secondly, slnc~ dlfferent ~l.n~s of pr~ces w?uld be 
aoplicable :for the same cormectlon, a method 0..1.. measurl.ng prlce 
i;'dices had to be set up, '.vhich. would ~Y theJ?- have consti tu~ed a 
tonic for a complete study in i -r,se If , Ior vI/hl.eh reason the 1.(lea was 
abandoned altogetl.ler. 
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of such a route determination system could use 'Nould be dynamic 

progralllmlng. 

{l'he author would. especially consider it irEportant to 

warn the user of his model that although its modus operandi 

would hold true as tirGe passes, the network parameters are sub-

ject to change vii th time. So these paraE,eters would have to be 

re-established after a reasonable aplO1.mt of tiL18 , perhaps every 

two years. 

-"--------
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J3j~)!.1·ti 

1,.1 .. }36,. 

J .sdf;,i~ ~ 9 i 

:;b.j~)),;;. 

? '3? Ii· '...,' , 

1 v j J il· I \j " 

ltS645." 

4,1451 .. 
21J40'i" 
":02,(61., 

77233" 
9Lt E574e. 

t: -l7 ') 3 '7 a 

)4-:)CL~ 

1:3293 .. 

it: '",1 190) 
b~35S~ 
9!t613t,i 

1 Ulf:,l} 2." 
1/+:) /61,., 
1 ~7~) U J.-z " 

Lr ,3 ; ) t) .r) ~> 

11~'~)/+3~ 

17'.i8 I c", 
L,A'26l)", 

:3 7 [;-99 .. 
L~656Lf .. 

~:;I696c2" 

~ 

, " 
5 U ~~ 

.. ) " 

i1-2 G 

12 n 

:-:; .~) '3 

',.J ~ 

1·"'-
_' •• f (f 

,!., 0 rb 

u .. 

U/lJ 

J" 

1')" 

't ., 

397083" 
')8B61 " 
36303 .. 
97795~, 

56420" 
21815 .. 

42~16" 
?OB10 .. 
3614·() .. 
Ij411 .. 
2334b .. 
37169" 

?d953" 
14'/131:> 

lU2117 .. 
2 /+3:18" 
22.':15!t .. 
fJ7277 .. 

L, n ,.-') ," (.-
.- 0.? J;';" 
') 7)6 b;; 

12950. 
h30(J3; 
3i..J377 " 
24197 .. 
333

0

7"2" 
96u54" 

dUJ:.7U,. 
4U;7 <> 

2663. 
1507S. 

4'.;31 .. 

1 ~) \..-1 77 i$ 

2737. 
797 ~ 

2.):;5" 
3;:/+~)~j: 
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9'.; 7'~,. 
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ROBERT COLLEGE GRAm;ATE SCHOOL 

BEBEK, iSTANBUL 

TABLE 4-Cont1.r.Yrui 

Hotel 

Beds 

'j -

..i.. t ..).) II;? 

1 ,j c r< 1.~ 

2:'6 ~, 
! 7 ,::,{ ~!_ "" 

(L 7:~ 0 

C.:;')7 ;. 

, ,> 

'-, .) ;: .;" 

1 7 (;1 'J 

L 7 1;."7 C! 

j .. :. 2 j 4) 

J. ).::;.-. 

::; '". 

..r.. ".;."" 
....,.' ,.-' j 1.-" 

Restau-

rants 

:., ~., 61 ., 
IS6~8 

~:7Bl" 

HI" 

'}870 .. 
2339 .. 
1616" 

--, ,- c· I 
I L':" -; ~ 

}. ~/l ,'1- <;) 

L. b 7 lJ .,} 

J. '~f 7~ ~ 

~ 1 be. ,) 

,::, ',J 2 [1_ ~~ 

('j J '~,: s 

~4\.;£r" 
q·9v'+e. 

Private 

Autos 

l1c, Of 

III ~ 

~~1c:\"; ~ 

BaUa 
Iii- ~J t' 

~ :,/ -" .,; 

5ULj Lj,. 

Lbl* 
13Bf.) 2, "\I 

:;;;6" 
j L,i, G 

dii.J 
2. Gi) ~ 

71~ 

39w 
1127" 

271., 
103J .. 

Regis
tered 
Radios 

67642 .. 
;567,. 

31162., 
Sl:SSe 

.2 C) f/) 7 ~ 
2I2Si76 it 

3HZ31. 
10798 .. 
jUS33~ 

12672>1 
Jc;ol~ 

;'C':"l)~ 

:1::)iOI::> ,. 
16/}13. 

1 73Y)" 
2,~':1~)5 ~ 

)LtU l5 rJ 

:3 5l}./.~ 9 # 

? :) ir -3 I} ", 
11)?d38 !~ 

2 0[,9 ~ 
32390 ... 
22737 .. 
'+22.72* 
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Telephone 
sub-

scriptions 

19 C/,:;. " 
:5 l::..11f; 

1601" 
Lt 67 @ 

_I.b", 

j.~ ~ .. / tJ 

1') 7·" D 

10,21 fJ 

,217t)~ 

J.. 11 ':j ,:) 

l B() ,) 

II ('" 1 " 
,:):.:9:),. 
j~/C;1 f} 

4 "7 :J , j 

'3733" 
047 .. 

q.) 16 .. 

1 

J 
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THESIS 
ROBERT COLLEGE GRADUATE SCHOOL 

BEBEK, ISTANBUL 

Hotel 

Beds 

13! .,.: C> 

1 7 

.' ~ -,"". ~ 

I:::' ... ..L ..!_ 4' 

."'. I", ,., 

Restau-

rants 

9 J 2 L~_ 5 -\1 

1. C-) 7:~ (j 

i+ il' ~~\ 1. ~ 
21~~:~o 

? 1. L;·2 .' 

79 ... '" 
L~. -: ~".' 6 ~ 

2 1+ t~·., 3 ~~ 
11:,)~; " 

-, '( f' 

1.. ... f .J :,1 

.~ '7,~ 
.f~ i \,.) " 

~'\ ,-- " , 
~ > ") :.:. I_i· [J 

.J._' 

., -} 
.. --. i ,_,' lJ 

'I. '-.: ']I 

Private 

Autos 

~i L 2 C, it 

~. ;~, t . .' ;. 

::> 6 ~ • 
7L" 
::>1::1" 
", :;'-. I 
J .... ,- i: 

12:;'j~ 

] l; .1 ~:) IV 

9:,6 ~ 
i \ _ j' I(~ 

"f t ~, 

.J. '- .::" ,~ 

~ " 
.)1 ..... L e 

101~ 7" 
151" 
12 ~ 
L 7 ,,! l~ 

- '-' ;'.1 

{~ -' 

1 7'; .. ~ 

j'~ ••. 

Regis

tered 

Radios 

24:;960 

34<:3:306 
b5.~.:·l) -e 

28"42;~ l!l 

26606 Q 

7£>:' /-f:3 r~ 

21.~? l. :". ';' 
] !,:-i.:;lt- t) 

1.., e,o(.:) 7 ~ 
60(1.j. 

11.J971i; 

L b ~~ 1 :~" £} 

607,':,;$ 
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Telephone 

sub-

scripttons 

t1786" 
i \".; (,\' c.:~ ~ 

1186 .. 
Ld:!7" 

() 7 L} • 

!~ 2:J l< 

1692 .. 

1'+92" 
~~.l 00" 

1:1~2~)~ 

~~:)3,~ 

'.' . 7., 

1~77o 
.:~.iLl.;, 

".~;.-: 2 .. 
J <+ 12 >Jj 
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THESIS 
ROBERT COLLEGE GRADUATE SCHOOL 

BEBEK, ISTANBUL 

TABLE 4-Cpntinueq 

Number, 
of 

Letters 

2 -4 J ~~ .. r (~ .3 t' 

25uZj~~1\$ 

:3 1 "7 i+ "7 i.~-; v,;, 

b5t2 .)2·. /, •. 
2477"';'+:>0 
III 1::: Q,':' ~ 

3 I;. :) i f '~, 

1 'j ~~~! ~L ~:)£. ~ 
~: )( ~~i Lr f,. ~ 

- -... " 

':Jl'_:,::~ ...,)k 

:; 1 ~! .. _ ( <:. L ':' 

,- ~ 

L~~)· .... i .. ' ,.' 

Number 
of 

Telegrams 

6 /+ 7 .{)~~' ~ 
()bij.j 17 Ci 

l~.':J'6.)~13 

9C9 t-.:::": tI 

t!.~~·71c~· 
L~,- l.j [) /1- S ~) 

- . ~ .' 
~. v ,1_ .... j t.:;i 

i 
:;.,,~,jj.,) 

1. S'/;- ;: ,;, 

l~1!~Z2:& 

Long ... 
Dista..1'lce 
Calls 

~~3d8 77 $I 

IlJ7iL 

{f-J.J)"+';'~ 

:is'Z U" 
~ 1. 2 ,;)l;. ~:, Q 

81 ;' (. 1'> " 

1~,2:"=:·. 

7 c :)6c, 
15l~·92·: c 

:::: 0 t~ :2 1 :-, f' 

29'j :; ~.~ \~: ,! 

L: 2 L; .l ~. /~ " 
2167/',) 
; 

J, J 

..) '-1 j. :: ~. '..,., 

~ 9 {t· 6 ~~' ~.j 'l 

l t,{ & (j C, U. 
G(',3.i()l.Q 

Asso
ciations 

eLi 7 0;; 

8'1 !Ii 

1!:,.2 Ii 

i131/> 
177:)~ 

':?'j::;; .. 

;.:./~. l:,:. .. 

c .. L 2 t'; 

" 

\i ! 0. 

... ::r.» $ 

~:'~ 1-:- 7 !3 

.l <~ / .. 

j5,} .. 

1",14 Ii 
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High'H'ay 
passengers 
per day 

')40 ~ 

160()o-
79G u 

4, >;.1 ' ..• '!"3 

/0(":. 
.:: 2 ~.} fJ 

'. " .-., ", 
-" <. __ \,.. 1,.:« 

,~ L t., (." (.t 

:: -' C:' ~ 

j ':'r S: 1,. .. ' Q. 

,': 7 :]L~" 
) } "',; \ 

(.- ~'> V \.' V 

i IJ , 
I ~;'" '.,.. '\& 

16c, ~ 
37G:~:6 
11 L: \.",; 

29(")~.J " 

I 
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3L~ r ~;T ;"]UL 
'3 :J f l ;'.1; 1 !.< 
3 6 :(', l~. ~:,; 2'; 
::;,7 
3Z3 
3 9 k~, ! .: ~ I( L /~\ !.~. t·~. L 1 

::,; t} T ;-. ~ l)'/\(] 

r:) ,) T" i ' ';;, ; 
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THESIS 
ROBERT COLLEGE GRAD"CATE SCHOOL 

BEBEK, ISTANBUL 

N-cunber 
of 

J....etters 

]. u 7 ~!. '9 -! t) 1, _, 'f' 

;~ :~ S 7 -r /2 ;.:- :; " 
I} ~') 7 7 "7 7 '7 ;:., 

3 8 (J ~'-) ':.: ~~,,' 6 2 

',j i") \) ~~ ~-,\ : ,,1 

36j~:7j >;.,:' '? 

~~ .t1 ~') :) :1 !~_I'~ 

1.:1~:1Ll~:) ~ 

l/~;~, ~·~L. 

1 7/,,"7 ) ;<" .:':. ~ 

.1~ L~ ? :) ~1. '~) l if" 

1 b LHc'/0 7 '" 
~ ;'1' :.-.; 7' .'. -; ~~.\ ~~ 

:: ) ~,',. :~( (- ::. ('. 

~. 7~, :.. I .. ; "~) {, 

t 2 -, ~3 i_c' b ~J 

17~~' 7' 

1/2-'.; 
1 ') (, 
..!..L. _,' 

TABLE 4-Continued ---

Number 
of 

Telegrams 

,I, '.~ '~) ~) 2 ~~ ,) 
S·' .l91L Q\ 

~) ;,; 9 6 !::.~ r~ 

?r~ tjr.~~) 

lOd6!'2o 
2 ;~: :J ~. ~; :> 1'& 

1 i' 2 ,t~ I~, § 

"1 b\..' J.,:: fJ 

67J.?:",;; 

1 l "1 C L1 I;. !) 

J f:: :' 7 ~~~ ~ 

Long
Distance 
Calls 

~3l; (1 (~-:) 0 ",. • 
1 d ;') 7 1 ] -~, n 

I.~ ::) ,'~ ;,.] "7 ·:~5 !. 

2. .~ d j .~~: ~',; \J 

169v6t" 
62':::1.5" 

l-t J) :) ~:; =) .:' ~ 

o;~ 7 ') -')'."' 11' 

13.:' .; ,7, <, 

11)1.! .' 

.[ 7 /,.6',)"" 
~~. ') 7 (;; (~;~~: ~. 

1115 ':','.:;. 
IJ1273" 
2529.:~(5'1 

,~~ U 6 ,:: 9:~ ~ 

'i -l,'; ) 1 -( ~ 

:1·1:: 81,7 c. 

J.~jO]2~)" 

733~3;J7 .. 

Asso
ciations 

1<;'?-,7. 
1 J.68 tt 

:~S8~, 

~?i)" 
J?~) q: , 

:-: 3 .:) ~ 
1~)-)96 

''';''f:. -" . ,~/ , ~ 

353. " 
7 ~ T iii 
239 .. 

,~:, 2 w 

27b., 

279. 
h.':j(; (j 

22;>. 
f I, ,1 l~~ 3 

-~7 "::J:> .. 
'-lD .. 

Jft::' • 
57110 

] (1 ') $ 

LIS .. 

j >~ d. q; 

7~J!~ ft 

PAGI~ "); 

Highway 
passengers 
per day 

'S"~ :~;u 't'I 

.)"~ c::; ~ 
{, ? i," .J 

11()U .. 
1 :0 (:. " 
1(0)" 
I.b7U" 

:'"'; / ... ,-, 

" '..-' Q 

1 1 '"'Ii 
4- ~, .... ' ...t 4< 

1): . .J ". 

l, .. -'C ~ 

it" .~{ C C,: " 

~; 3 Q:: 

;~>()OO-

'7 '.;~) " 

I .. ! 1" 
.J:J ',.} ;1: 

1 ' 
.t. 1. :~ · ..... 1 iii 

Source: Personal collect:l.on of data from the f'ollovrlng: 
State lnst! tute of Statistics t Di~i"ecto:rate of Highi.vays, Directorate 
of Pl'T, Turkish Assoc:i.ation of Banks. 

I 

\ 



THESIS 
ROBERT COLLEGE GRADUATE SCHOOL 

BEBEK, iSTANBUL 

APPENDIX B 

PAGE 72 

I 



T llr:-""""" f- c<~31~ 
ROBERT COLL~GE GR,\DUATE SCHOOL 

BEBEK, iSTANBUL 

Simple cross"'product model: 

MULTIPLE REGRESSION ANALYSIS RESULTS 

THE VARIA~LE MEANS AND STANDARD DEVIATIONS~ 

VGAR ::;: 14869U~38000 SIGMAIY) = 9l2741.710000 
XQARI 1)= 771745@92u SIGMA( 1)= 926u2H.OIO 

THE PARTIAL REGRESSION COEFFICIENTSo 

5( 1)= -~09866775 
THE Y-HnEl~CEPT .. 

ALPHf.\= 

THE STANDARD ERRORS OF THE REGRESSION COEF~o 

S8( 1)= ~1~677689 

THE BETA COEFFICIENTS. 

THE COEFFICIENT OF MULTIPLE DETERMINATIONo 

RHO= 

THE COEFFICIENT OF MULTIPLE CORRELATION~ 

THE STANDARD ERROR OF ESTIMATEo 

THE P,tJ,RTIAL CORRELATION COtFFICIENTS@ 

F< ( U::;: 

THE F-TEST'I; 

THE T-·Tt::ST fJ 

TI 1)= e629~j137 

THE DEGREES OF FREEDO~ 
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ROBERT CULLECE (iRADCATE SCHOOL 

BEREK, iSTANBUL 

Logarithmic cross-product model: 
j MULTIPLE REGRESSION ANALYSIS RESULTS 

DISTANCE ~ETWEEN I AND J NOT CONSICERED 

THE VARIA8LE MEANS A~D STANDARD DEVIATIONS. 

YeAR::: 7207.92850 5 I GiviA ( Y i ::: 
XUAR( 1)= 26921.428 S I Gl,lfd 1 ) ::: 
XBAR( 2)= 97710785 oS I G[,t.c\ ( 2 ) = 
XBAR( 3)= 2B226Q9~2 S I G~'lA ( 5 ) = 

2180 .. 7l~6300 
2023.2::>1 
2747.274 
lS37.816 
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PAX BETW IJ 
BANK DEPOSIT 
NO. FIRMS 
LONGDIS CALL 

XBAR( 4)= 14S27.~0L SIGMA( 4)= 1410.939 NO. ASSN 

THE PAI::zr I Al i~E.Gr~ESS I Ol\j COEFF I C lENT S .. 

B( 1)= 3.41607j20 
B( 2'= -le944~685G 
st 3)= 1057284150 
8( 4)= -2,,1743li9GO 
THt. Y-INTERCEPT. 

j\L.PH/\= -78582 e 8320u\.J0U 

THE STANDARD ERRORS OF THE REGRESSION COLFS. 

SB( l}= ~8~3436S7 
5B( 2)= c41678391 
SS! 31= $75414u41 
5B( LI-)= ,,7'L6"C.U336 

THE BfTA COEFFICIENTSe 

BETA( 1 ) :::: 3 .. 17u 
BETA{ 2)= -2 .. 450 
BET /.\( 3)= 1.109 
BETA! L~ ) :: -1~4li6 

THE COEFFICIENT OF MULTIPL~ DETERMINATIONo 

RHO;;::;- c571 

THE COEFFICI~NT OF MULTIPLE CORRELATION~ 

THE STANDARD ERROR OF Tli'v1)~TE. 



-1·-HESir~ I-\. ! ~ 

RORERT COLLEGE GRADU!,TE SCHOOL 

BEBEK, lSTANBlJL 

THE P,\RTI/\L COF~i~E.U\TI()i'i COt:TFICIEiHS .. 

:~ ( 1) ::::; 

F;; ( 2 i ::: 
R ( :3) ::: 
R ( 1+ ) ::: 

TdE F-TCST<I> 

F:;;; 1203361 

T ( li= 
T ( 2)::: 

T ( 3 ) :: 

T ( 4 ) == 

.. 532268G6 

.. 6u869111 

.. :~2433792 
,,':4·162306 

3" 82 l }[t 1830 
4-\>66661120 
2,,08561620 
2 l> 9 ') If 'v' T13 0 

THE u[:<3!<EES OF HH:EDOfA 

MULTIPLE REGRESSION ANALYSIS RESULTS 

~LL 42 OBS~RVATIONS INCLUDED 

YBAf~ ::: 
XbA;:~: ( 
XdP,R ( 
XoAf~ ( 
XbAR( 

7207,,928':Jl) 
1)= 26~21.4~o 
2)::: 9771.7&5 
3J~ 14~27.5u0 

41= 17560.119 
XSAR( 5)= 6337.404 

fHE ~~RTIAL REGR~SSION 

S T !\I"U,\IO UE:V I i\T IONS .. 
SIGMA(Y) = 218U.7IS~)O 

SIGMA( 1)= 20~3.251 

SIGMA( 2)= 2747~274 

SIGMA' 3):: 1410.939 
SIGMA, 4):: 1538.629 
SI GiVI.l\( 5)::: 602 .. 245 

(() L F FIe I E ~iT S • 

S( 1)= 4.4Jlh8150 
BI 2)= -2.12928120 
U{ 31= -2.94409380 
B ( Lf ) == 1 Q if, 1 () '~' 7 ~j ~: 0 
51 3)= -10007~511G 

THt '(-FHt'\Cl:PT .. 

l\LPH;.\= 
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PAX BETlrJ IJ 
dANK DEPOSIT 
NO. FIRMS 
NO. ASSNS 
PAX HI GH\lJAY 
KI"l GROUND I J 
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I 

THE STANDARD ERRORS OF THE REGRESSION COEFS. 

SD( 1)= .. 9396977v 
S~( 2)= ",4114L133 

S f3 ( 4 ) ;~ e it l, 7 b'l 5 6 3 
581 5)~ e47uu70B8 

fHE SETA COEFFICIENTS& 

SET ,,\ ( 1 ) ;:: 4" 111 .. 
dCT/\( 2 ) - --2 a682 
~.\ET AI 3 ) :: -1 ,,9(j4 
SET,;\,( II- ) .. l\!<Jll 
nETA( 5 } - -",278 

5(1 .. 23- .. .,"["1)= 1393.,146 

THE PARTIAL CORRELATION COtFFICIENTSe 

1)= 
2 j:.:.: 

3)::: 

I, ) :.::: 

5)::: 

THE:" F-T[ST" 

F:.: 1-L, 3823 

. 
THE T··TEST .. 

T ( 1 ) -. i 

T ( -, 
) .. -Co 

T ( J , .. j 

T ( 4 ) --
T ( 5 ) :: , 

.. 61798346 
~ 6 :; 3 1 -f ~ 9 B 
.. :~\ I) i,_ 6 9 3 7 [) 

,,3~k3234 7 

');,17567(390 
3 ~9::'Bit6b(.,() 
3 .. 170751J30 
2 .. 14276 L"20 

THE DEGRE~S OF FREEDOM 

I 

i 

I 



ROBERT COLLEGE GRAD"CATE SCHOOL 

BEBEK, ISTANBUL 

DNL Y 30 OSSEIN f\ T r Of';':; I :T~LJ:")ED 

THE VARIAJLE MEANS AND STAN0AR) DEVIATIONS. 

YB.t\F< :0 

XBAR( 
S I Gf~A ( ',') --

l)~ 26875.966 SIGMA ( 1)::; 
Xt.lf~;:'~( 2):::: 27196 .. 033 
XbAF, ( 3) '" 19t:35@733 
X t3 /\ R ( I:, ) ::: 

x e l\ I;~ { S 1 ::: 

S JGri;.\ ( 
s r Gf"i/:, ( 
S I G IVi 1\ ( 

2)= 
" 1--' . -

XBAi;;'( 6)= 

16898,,933 
266~j:)02C;;.) 

65iJ7~2'J') 
HE(;i~E5S I v;\ 

SIGfviA( 6)= 
THE P),i\T I AL 

L l 2):: 
8 ( 3)::; 
t:) ( l!. ) :~.: 

f3 ( 5 l = 

((;E.FFICIENTS., 

-lQ"S21 L},))80 

-1 ~ ~~ ~.: ~~ ':f>~) 7 1 0 
1,,l(J()97610 

1 Ii> 9 2 Ld it I:J 1 0 
···1 e1d 459730 
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