
Ar.1 Ile'. trrjl4IHI I! I T jtA I'rJNAL O 1rjlvi.o rI FOR AID USE ONLYPAll 

BIBLIOGRAPHIC INPUT SHEET 
A. PRIMARY 

I. SUBJECT TEMPORARY 
CLASSI-


FICATION 
 0. SECONOARY 

2. TITLE AND SUBTITLE 

Structure and requirements of the transport network in Syria
 

3. AUTHOR(S) 
Kanaan ,N.J. 

4. DOCUMENT DATE 5. NUMBER OF PAGES I_6. AFC NUM3ER 

1965 166p. ARC 

7. REFERENCE ORGANIZATION NAME AND ADDRESS 

Brookings
 

8. SUPPLEMENTARY NOTES (Sponsoring Organization.Publishers,Availability) 

9. ABSTRACT 
(SCIENCE AND TECHNOLOGY--Transportation R & D)
 

,o. Cr%&IMBER 11. PRICE OF DOCUMENT 

12. DESCRIPTORS 13. PROJECT NUMBER 

14. CONTRACT NUMBER 

Repas-5 Res.
 
1. TYPE OF DOCUMENT 

AID 590-1 (4.74) 



'STRUCTURE :AND REQUIRZEMENTS OF THE TRA1%SI=,PQRT 

NETWORKOF SYRIA:

by 

Nuhad J. Kanaan 

Transport., esearch Program: 
*The B rookings 1 stitution. 

Washingto, D.C.SMarch:1965: 



CONTENTS
 

Page 

PREFACE 	 ii
 

LIST 	OF ILLUSTRATIONS v
 

LIST 	OF TABLES viii
 

Chapter 

I. INTRODUCTION .. . ..................... 	 1
 

Hypotheses and Verifications ............. 1
 

Contributions of the Study ............... 10
 

II. 	 GENERAL PATTERNS IN SYRIA RELATED
 
TO TRANSPORT ........................ 12
 

Slope . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 12
 

Rainfall Distribution ................... 15
 
R ivers . . . . . . . . . . . . . . . . . . . . . . . . . . . . 18
 

Population Distribution ................. 20
 
A griculture .. ....................... 23
 

Manufacturing ....................... 23
 

III. 	 DEVELOPMENT OF TRANSPORTATION
 
IN SYR IA . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 26
 

Ancient Caravan Roads ................. 27
 
Rom an Roads ........................ 29
 
W agon Roads ........................ 31
 
Railroads ... . . . . . . . . . . . . . . .. . . .. .. . 34
 

M otor Roads ........................ 42
 
Realignment of the Network Following
 

the Partitioning of Greater Syria ............ 45
 

IV. 	 ROAD AND RAIL NETWORKS IN SYRIA
 
BETWEEN 1952 AND 1962 .................. 50
 

The Road Network in 1952 ............... 50
 

The Road Network in 1962 ............... 55
 



iv 

Page 

Motor 	Vehicles ....... .................... 58
 

Bridges ............................... 59
 

195ZRailroad Network Between 1962and 60
. . .
 

Road-Rail Competition .................... 63
 

Railway Lines Under Construction .......... 68
 

V. 	 HYPOTHESES AND RELATIONSHIPS 
71CONCERNING THE TRANSPORT NETWORK .. 

Structure of Transport Networks .. ....... 71
 

Connectivity of Transport Networks ....... 79
 

VI. GRAPH THEORY MEASURES ............. 	 8Z
 

Measures of Network Structure ............ 84
 

Measures of Network Connectivity ......... 87
 

VII. EMPIRICAL VERIFICATIONS ............. 	 94
 

94The Variables ..................... 

Regression Analysis ................ 100
 

of the Residuals from Regression . . 110

Interpretation of the Results ........... 104
 

Analysis 

VIII. 	 CONNECTIVITY OF THE TRANSPORT
 

NETWORK OF SYRIA .................. 119
 

Connectivity of the Railroad Network .. 
 ..... 119
 

Connectivity of the Road Network ........... 129
 

IX. SUMMARY AND CONCLUSIONS ........... 	 141
 

APPENDICES 

147A. TRADESYRIAN ..... ...................... 


B. 	 ECONOMIC DEVELOPMENT 
149PLANNING IN SYRIA .................. 


C. ROAD MAINTENANCE EQUIPMENT ............ 	 151
 
152
D. THE VARIABLES ..................... 


156
BIBLIOGRAPHY .............................. 




2 

LIST OF ILLUSTRATIONS
 

Figure Page
 

I.. , The Middle East.. 13
 

pSlope 	 4.................
 

3. 	 Rainfall Distribution ..................... 16
 

4. 	 Rivers and Irrigation ....... . 19
 

5. 	 Popu1ationDensity ........................ 21
 

6. 	 Urban Places ......................... 22
 

7. 	 Farm Population ................. . 24
 

8. Wagon Roads,1l900) .... ...... ....... 33
 

,9. Port Activity (1844) :nd.:(1894) ............. 35
 

10, -The Railway Network at Its Maximum Extension . '39
 

11. 	 The Road Network During Ito Early Stages of
 
Development ... ... .......... ......... 44
 

12. 	 Superimposition of International Boundaries
 
on the Network . ...... ................. 46
 

13. Expenditures on Road Building and Maintenance.... 53
 

_14. nternational Highways................ . . . 56
 

15. 	 Railroad Network (1963)............. . . . . 62
 
16. 	 RailwayPassenger'Movement . . . . . . . . . . . . .. 64
 

17. 	 Goods Moved by Railway.................... 


18. / 	A-Latiquiya-AI-Kamishli Railway .......... 69
 

65 



vi 

Figure 	 Page 

19. Scattered Settlements ..................... 	 72
 

20. 	 Growth of a Communications Line . ......... 73
 

21. 	 Interconnections Among Settlements . .. ......... 73
 

22. 	 Growth of a Trunk Line . . . ... ............ 74
 

23. 	 Transformation of Transport Network to a Graph. . 83
 

24. 	 Measuring a Network Structure ................. 85
 

25. 	 Effect of Exogeneous Factors on the Structure
 
of a Network .. .. .. .................. 86
 

z6. 	 Reduction of a Network to a Matrix ............... 88
 

27. 	 Example of a Network Connectivity Analysis ...... .89
 

28. 	 Relationship of Network Structure to the Shape
 
of an Area ...... ............................ 97
 

29. 	 Determining the Center of Mass ................. 98
 

30. 	 Measuring the Shape of an Area .................. 99a
 

31. 	 Measure of Slope .......................... 100
 

32. 	 Residuals From Regression for the 0 Measure
 
of the Primary Road Network ................ 111
 

33. 	 Residuals From Regression for the i Measure
 
of the Primary Road Network ................... 112
 

34. 	 Residuals From Regression for the e Measure
 
of Total Road Network ...................... .113
 

35. 	 Residuals From Regression for the i Measure
 
of Total Road Network ............ . . . . . ... 114
 



vii 

Figure 	 Page 

.36. 	 Grouped Negative Residuals for the Primary 
. . .........
Road Network ... . . . . ..... . 116 

37.. 	 Grouped Negative Residuals for the Total
 

Road Network . . . . . . . .............. 117
 

38" 	 Connectivity of the Regional Railway tNetwork . . . . .122
 

39. 	 Connectivity of the Railway Network (1963) ....... 125
 

40. 	 Connectivity of-the Railway Network (1970) ...... .. 128
 

41. 	 Connectivityof the Road Network (1920)........ ... 133
 

4Z 	 Connectivity of the Road Network (1963) ........ .. 137
 

43. 	 Connectivity Values of the Road Network (1920)
 
and,.(1963). . . ..................... 138
 



viii 

LIST OF TABLES 

Table 	 Page 

1. 	 Total FloorArea of Manufacturing Plants
 
by Muhafaza (1961) ........................ 25
 

2. 	 Goods Handled in1844 ..................... 30
 

3. 	 Travel Time and Distance from Damascus
 
to Major Urban Centers .................... 31
 

4. 	 Movement of Goods Through Major Ports, 1894 .... 32
 

5. 	 Agricultural Production of the Houran (1890) ...... 36
 

6. 	 Cost of Freight Movement Between Damascus
 
and Beirut .............................. 38
 

7. 	 Road Classification in 1952 ................. 51
 

8. 	 Road Classification in 1962 .................. 55
 

9. 	 Motor Vehicles in Syria (1953-1962) .............. 58
 

10. 	 Railway Rolling Stock (1961) ................. 61
 

11. 	 Cumulative Multiple Coefficients of Determination. . 102
 

12. 	 Variance Ratios ......................... 103
 

13. 	 Grouped Values of the Coefficient of Determination 109
 

14. 	 Matrix of Connectivity for the Early Stage of 
the Railroad Network ...................... 12 0 

15. 	 Connectivity Values of the Major Regional Rail
 
Centers .............................. 121
 

16. 	 Connectivity Matrix of the Present Day Railroad 
Network .............................. 123
 



11.7 :Connectivity:Valuesof.theMajorRail 
196). . . . . ...j* * * *....... 

Centers 
9* ...... 124, 

18 Connectivity Matrix of theCompleted Railway 
Netwvorks . . . . ... .,*.... . 127 

19 Connectivity Values of.the Major Rail. 
Centers (1970). . .' ... * 

. 
p 127 

0O Road Connectivity Values of the Major Urban., 
Centers (1920). . ... .. 131 

Z1 Road Connectivity, Values of the Major Urban 
Cent, r, (1963). .;.. 135 



CHAPTER I
 

INTRODUCTION ,', 

and tests a number of basj.c hyp.otheses,This study examines 

regarding the relationship b etween-the geographic, or spatial, structure 
of .atransportation network and other basic distributions of phenomena 

which reflect the demands for transportation facilities. These ideas 

are examined withint the' regional setting of Syria, a country carved out 

from the age-old Turkish Empire after the First World War by some

what arbitrary international boundaries, which disrupted old functional 

or nodal.patterns and-the well-developed flows of commodities and 

.people associated with them. 

Hypotheses.and Verifications 

One of the basic hypotheses presented in this study is based on 

the notion that the structure of the road network within any given region 

is related to population, distribution, agricultural production, manufac

turing, -transitmovement, railway competition, and size, shape and 

slope, o fthe area under consideration. In the caseo of Syria the abbve

mentioned factors, taken together, accOunt, for a high percentage;of 

the variation in the' network structure. The degree of relationship of 

these f actors ito the-geographic structu're of the,-network is' identified 



in quantitative terms. 

In Ve-rifying the above hypothesis measures of the degree of 

complexity of the primary road network structure and the total network 

structure are derived from graphtheory, and, using multiple regression, 

they are related to the spatial variations of the factors which either 

generate demand for transport facilities or inhibit their growth. 

The results show that the structure of the road network is 

correlated with the eight factors as hypothesized, although there is 

great variation in the significance of the factors. It is found that the 

relationship between road network structure and population distribution 

is Weak, reflecting the low mobility of the population in Syria--one of 

the general characteristics of most developing countries. Agriculture 

is h1ighly related to network structure, as might be expected, because 

of the iniportance of this sector of the economy to road transportation 

in Syria. Manufacturing is only moderately related to the road network, 

reflecting/the relatively low position that this activity plays in the 

economy. Transitmovement across the country and railway competition 

a re weakly related to road structure. However the competitive nature 

of frail transport arid road.transport is reflected by the negative value 

of the regression coefficient. The' index of area is strongly related to 

road development while the index of shape, represented by the degree 

of circularity: of an area, is weakly related to road network development. 
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However, the relationship between shape and road network turn out 

to be direct, showing that a relatively circular area which has a low 

index requires a simpler network structure than an elongated area, 

which has a high index. The final factor, surface configuration, is 

very highly-related to road network structure in an inverse fashion, 

signifying that rugged areas tend to develop simple networks while less 

rugged areas develop more complex networks. 

In addition to the general hypothesis stated above that the 

structure of the network is related to at least eight factors, certain 

more specific hypotheses concerning the relationship are made and 

supported. First, not only is agriculture more of a determinant of 

transport structures than is manufacturing because it is a better 

developed part of the economy, but it is also more of a determinant 

because its transport demands, based on locational characteristics, 

are greater than those oi manufacturing. Because agriculture is carried 

on in a dispersed spatial setting, a road network composed of primary, 

secondary, and tertiary connections is required to efficiently produce 

and market agricultural commodities. This is in contrast to the 

transport demands of manufacturing where supply and demand are highly 

concentrated and are much more dependent on a well developed primary 

road network, and much less dependent on secondary and tertiary road 

connections. It is expected that this geographic variation in transport 



demands' is refle cted in the structure of the network as it varie s 

in shape andextent"from one part of.the country to another. In order 

to verify this hypothesis separate measures of primary road network 

andtotal road network were obtained and related first to agricultural 

production and then to industrialproduction. The results substantiated 

the hypothesis since a high correlationbetween road network structure, 

both primary and total, and agricultural production was obtained, while 

the, introduction of the index representing the manufacturing activity 

provided a moderately significant increase in the case of the primary 

network measure, and failed toprovide an acceptable increase for the 

total network measure. 

Second, supply and demand for transport facilities are seldom, 

if.ever, in a state of equilibrium, and for any given time certain areas 

have a lag in the development of the transport facilities while in other 

areas a lead in transport network development exists, in both instances 

based on the changes of the regional transport demands of the country. 

In the case of: Syria, it is expected that the realignment of the network 

that took place after -,the partitioning of the area, and the increase in 

.the.produictivity of"the newagricultural areas of the north and northeast, 

have"affected the regional. variation of transport demands, and have 

brought about transport lags in certain areas and leads in others. The 

identification of this,. regional variation in the theoreti cal lag or lead in 



transport development makes, it possible to predict changes that are 

likely to occur based on the relationship between transport and develop

ment, and enables the identification of the areas where changes in the 

network ought to be undertaken. 

'In order to verify the "lag or lead" hypothesis, the relationships 

expressed as departures from the expected values obtained by multiple 

regression are mapped and cartographically analyzed. These residuals 

from regression point up the variation of the road network development 

from one part of the country to another, based on the supported assumption 

that variables introduced in the study reflect the transport demands of 

the country. Analysis of the maps of residuals reveal that there are 

certain areas in the country that have a more developed network structure 

than expected, such as the areas of As-Suweida, Maarrat-en-Nouman, 

Izaz, and Al-Bab, while other sections of the country, namely Al-Kamishli, 

Ain-el-Arab, Deir-ez-Zor, Ifrin, and Harem, have a simpler road 

network than it would be expected, based on the previously given 

assumption. The latter are considered as the areas where a lag in 

network development has taken place and where attention in the future 

ought to be directed. 

Third, due to the severing of the transport network following 

World War I, and.to the extensive agricultural development in the 

northeastern part of the country, the connectivity of a number of important 
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ur an centers decreaseddueito the realignment of .the network to 

serve the country's .demands, while the connectivity of the other 'centers 

,,increased in relative importance, placing these centers in an advantageous 

%positionon theLcountry's developing network. The identification of these 

center s where connectivity increased makes it possible to predict the 

centers where grwth can be ekected, in the future, whi e the identification; 

of the. imuoortant centers where connectivity decreased, pointsup the . 

places where stagnation can be expected if improvement in the connectivity, 

of these centers is not undertaken. This analysis is done for both the 

rail and the road network. In' the case of the rail network 'three time 

cross-sections are taken: 

1) The regional network .at,its maximum.!gr 0wth. 

2) The network after, partitioning. 

3) The network after ,the completion of the segments, that. 

are proposed or that are under construction. 

In the case of the road network two time cros,s-sections are taken: 

1) In1'920, soon after the creation of present day Syria. 

Z) In 1963. 

At the time when the rail ay network ,reached"its maximum 

extension, the be st, connected centers to te whole netWOrk were 

Damascus, Homs,' and Riyak. These three: cities were the focal, axis 

of, the network upon, which the northern, th: sothern, and the westerr. 
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lines converged. After the, partitioning, 'the conne ctivity of Damascus, 

Horns,:and Riyak decreased and the fo cus, of. the network shifted to 

Aleppo. and-Hama. 

The structure of the network by 1970, will see a number 'of 

additions'tothe, rail system and the emerg ence-of new, well-connected 

centers such as Rakkah in the. agricultural north, as well asthe strength
ening of,the position 'of Aleppo and Harna. The realignment of the railway 

network will be the first major, project since the partitioning of the 

region, when the' important ports of Alexandretta, :Beirut, H,.fa and 

.Tripoli were included in other states. The new northern'rail. line will 

link Al-LatiqUiya, the.main port of the country, which has .been*;handling. 

a large amount of imports and.exports, with its hinterland to the east. 

The' proposed link joining :Homs and DamascusI.will make .the southern 

region accessible to Al-Latiquiya and 'will allow the movement -byrailway 

from one part of the countryto another, something which :is not-possible 

at present without: crossing an international boundary. 

Two time cross-sections are ,}examined in order to analyze the 

changes through' time of the total conne ctivity. of the road network at. 

different periods, and the relative connectivity of the major urban centers. 

The first cross-section is taken-at 19Z0, the period when Syria became 

an independent, state and political, boundaries were superimposed on 

the' road network which greworn a regional basis. The secondtine' 
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cross-section is takenfor 1963 when tenetworkdevelop d on: a 

nAtional base, serving the transport demands of the state of Syria 

Due to this shift in orientation a number of distinct. changes in the 

relative connectivity of urbancenters is observed. This is.especially 

obvious in the case of, the centers along the Euphrates River,' namely 

..Abou"Kamal, Deir-ez-Zor and Rakkah, centers located on the eastern 

'frontier, which decreased in. relative connectivity between 1920 and 

1963. The ;main reason for this, decrease is the fact that their early 
growthas, focal points on the transport lines which connected the ports 

of the eastern Mediterranean to the regions of Iraq and Iran, was 

curbed when they became peripheral centers on a road network which 

expanded on a national basis, with little consideration for outlying 

areas beyond the national borders. Thus there is a serious lag, in the 

development of the road network in this newly developed agricultural 

area of the northeast, where a large increase in.agricultural production, 

especially in the two important export items of cotton'and wheat, has 

takenplace in recent years. The. completion of a number of irrigation 

pr.oects in this area w in enext few, year s,will increase the 

,production even further. Since the agricultural products of Syria 

mature at an earlier time than most of those of its competitors, they 

.command a high price in world markets, andit is, Ofthe utmost importance 

..to,.,be able, to move, these products to 'the .port:.ofe2port as fast as, 



9.,
 

possible.. The raillway' that is under construction in thiOIarea, will 

certainly carry animportant share of the movement of these goods, 

but the road network in the. area Will have to be improVed .in.order 
to supplement the railway (feeder ines), and in order to aid in the 

movement of Syria' s important products. 
Another important lag in the development of roads in Syria 

sterns ,from attempts to realign the country' s network in order-to focus 

the imports and exports of the country on the main port city of Al-

Latiquiya. Even though the relative connectivity of Al-Latiquiya in 

1963 was greater than it had been in 1920, the port of Tartous, 

which is in the process of being modernized and expanded still has a 

higher connectivity index than A1-Latiquiya. From this fact two 

important points emerge: 1) Al-Latiquiya, by far the busiest port of 

the. country, handling over one million tons of goods per year, is not 

as well connected to the area it serves as it ought to be; 2) that the 

port-of Tartous, once expanded and modernized, will be in a relatively 

good position to compete with Al-Latiquiya for handling the country's 

foreign trade. 

.,A final point that emerges from an examination of the 

connectivity, changes between 1920 and:.1963 is the way in:.which the 

acces sibility of some of the important urban centers in the south 

decreased. Particularly important, for the economic and political 



interpretation. that may, be given is the lowe'r indexfor the, capital city 

of bamascu s. This- is in contrast to its chief competitor, Aleppo,_ 

-the major urban center of the north, which retained its. relatively 

advantageous position. on the: countryl's road network. Since Alepp 

andDamascus have been traditional rivals for the dominating position 

of the Syrian markets, the shift in relative connectivity-might in future 

years -swing the -balance in favor of 'leppo. 

Contributions of the Study 
The main contributions oflthis study may'be summarized 

under three headings: 

1) GeneraL analysis Of the transportation system of Syria. 

No previous study exists which analyzes the structures, development and 

relationships-of the transportation network, despite the critical role 

transportation plays in the spatial organization of 'this Middle Eastern 

nation. 

2) Expanding the methodology: of'transportation geography, in 

that there the explicit examination of theoretical measures of 

structure within the regional setting. Many measures of network 

structures that have been devised in recent years have, been examined 

only at a fairly high level of abstraction .. Yet, it is 'the region that 

provides the geographer with hislaboratoiy here the utility of these 

measures: may be ,tested under a variety:of circumstances. This study 



represents the first attempt to relate measures of road structure 

to other variables and examine the spatial implications of the 

significant relationship derived, 

3) Specific analysis of the effects of network severance at 

the international boundary-due to changes in political-spatial organi

zation. In no other geographic study have attempts been made to 

measure the changes in accessibility of urban centers to changing 

political boundaries. In most geographical studies today, emphasis 

has been placed upon the nodal or functional organization of a region 

under the implied assumption that the political framework, within 

which economic activity and development take place, will remain 

static. Thus, Syria represents a case study of a dynamic political 

framework changing in turn the functional organization of an area. 



CHAPTER%II 

'GENERAL PATTERNS: IN- SYRIA:. RELATED TO.,T ANSPORT.. 

Syria, located on the eastern shore of the Mediterranean Sea,. 

is:a'partofthe important bridge which connects the- lan, masses of 

Europe; Asia and Africa (Figure 1) 

There are a number of general patterns in Syria of a basic 

.nature which are important to transportation .in,the country. A general 

description.of these patterns will beundertaken in this chapter in order 

to lay the groundwork for their use in the analytical section of the study 

which follows in later chapters. 

Slope 

The complexity of slope in Syria, which is one of the basic 

that are related to transport 'development, varies from onefactors 

part of the country toanother. Figure 2 represents the general pattern 

1) steepof slope complexity.and divides the country into three parts: 

slope, 2) moderate slope, and 3),slight slope. On the whole, the 

eastern, the northeastern and the central parts of the country are 

composed of relatively flat areas.where the 'lack of steep, sloped0es 

Other background information onbSyria may be found in
 

Appendix A and B.
 

For method.ofslope calculation seepage. 100. 
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not hinder transport network development. To te .we st of these 

latlands lie s an elevated, area where' slope is of 'amoderate nature, 

presenting some difficulty to road and rail development." The western 

part of the country contains the most rugged hills and mountains, found 

in Syria- where the steepest Slopes exist, and where :the hinderance to 

transport network growth is at its highest. 

Rainfall Distribution 

Syria has a Mediterranean type climate which is characterized 

by a rainy, season from November to March and a dry season for the 

restof'the year. This is the result of a location between two migrating 

climatic zones, a dry zone to the south and a wet zone to the north. This 

tran sitional characteristic is the main cause of the country's two 

.distinct seasons, a rainy one when under the influence of the climatic 

effects of the wet zone from the north, and a dry season when under the 

influenceof the climatic effects of the semi-arid zone to the south. 

'There is much Variation in rainfall from one year to another, 

and from one partL of the country to another (Figure: 3). Many years 

,may pass without a'trace of rain falling at a certain - village', ,yet'this 

same village may be washed away by. a fash flood during;an unusually 

wet season. However, the variation in rainfalt from one part of the 

country to another is much more pronounced than the yearly variations. 

Thewinter cyclonic storms, which are mainly responsible for rainfall 
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the Mediterraneanin the area, ".movefrom' west to east across 

dumping large amounts of rainfall as tey reachthe land and start 

to rise over the lwe !sternslopes of the coastal mountain ranges. This 

rain-,isheaviest on the mountain slopes which face the sea, and 

decreases in intensity as it moves eastward, where large parts of 

the country receive less than 200 mm. per year, an amount considered 

too low to allow the practice of agriculture. However, an opening in 

the mountain ranges in the northern part of the country permits the 

rain-bearing clouds to dispose of their moisture more slowly, and 

larger area which receives enough precipitation (between ZOOover a 

and 500 mm. per year) to make agriculture in this sub-humid area 

possible. 3 An examination of the amount of rainfall in three of the major 

cities of the country reveal that Al-Latiquiya, which is a sea port, 

an average of 700 mm. per year, while Damascus, locatedreceives 


in the rain shadow of the Lebanon mountains receives about 220 mm.
 

per year, and Aleppo, which lies in the semi-humid area of Fertile
 

Crescent, receives about 400 mm. per year.
 

3 This is part of the area. traditionally referred to as the 

Fertile Crescent. 



Rivers6.
 

iThe Euphrates River with its tributa.ie s,, the Khabour'and. 

-TheytIhe Baleekh, form the, largest'river system in Syria (Figure 4),. 

are 'located in a narrow valley.several hundred feet'in depth, which-

they have carved out of the lowland area through which they flow. 

The Orontes River rises in Lebanon"and flows northward
 

through the Beqaa plain, the Horns and Hama plains, onto, the marshy 

area of the Ghab (now in the process' of being drained), and finally 

through the plain of Antioch in Turkey before emptying into the sea. 

The Barada River gives life to the Damascus area, which 

arid otherwise, springs, inthe Anti-Lebanonmountains andwould be 

located.flows through'the alluvial fan on which the city of Damascus is 

a salt lake in the desert area,Whatever little water is left empties into 

short distance -to the east of Damascus.a 

The Yarmuk River, which springs lin-the :southern section of, 

Syria, flows in a southerly direction and forms the boundary between 

' 
,Syrialand Jordan before emptying its waters into the,Jordan River.
 

of Minor
In addition to the.se major rivers, there are two type s 


-
streams of some economic importance to the country. The first of 


these groups is the mountain streams which spring on the western slopes 

sea. An example of this groupof the coastal ranges and flow into the 

is the: EI Kabir River which .empties its waters near Al'-Latiquiya. The 

http:tributa.ie
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second group are streams which spring onithe''inland :slope's and 

,drain internally, usually terminating in'a salt lake on the desert 

fringe. An example of this group is the Quwaiq River which flows 

through Aleppo and terminate s in: a, salt lake to the south of the city. 

The fluctuation of the Syrian rivers is. as variable as the 

country's rainfall. During. the rain and snow melt seasons,'the rivers 

reach their maximum flow which rec,Ics in the inundation of the 

surrounding areas in many. cases. In the dry season, however, the 

flow, o,the major rivers decreases sharply, while the beds of the.minor 

streams dry up. 

P6pulafion Distribution 

In, 1962 Syria's population was estimated at 4,777,000, 

projected'from the 1960'ennumeration. The population is unevenly 

distributed throughout.the country :(Figure 5). In the western section 

there is a,high. density ofover 100 persons per square kilometer, 
while:.the central and eastern, regions are thinly populated with under 

.10 persons,per square ,kilometer,inmo3t cases. 

The distribution of urban--center s: (Figure 6), is closely 

relatedto the general pattern of population distribution. Miost of the 

large urban centers are, located, in the eastern half of the country led 

b Damascus and Aleppo with about 1/2.million persons each. 
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Agriculture 

App'roximately :0 percent of Syria' s.population is engaged 
in ,agricultureand 'its related fields. The concentration of farm 

population is especially high in the southern part of the country, 

which,,was :the traditional agricultural region. of Syria from the very 

early hitory of the country until a,few decades ago. Other concentrations 

are: in the :northeast area, which is the newly developed agricultural 

region of Syria (Figure 7). 

Cotton, Syria's most important summer crop, is totally 

dependent on irrigation. The superior quality of this long staple cotton 

creates a high demand on the world market and has become Syria's 

most important export commodity. 

The agricultural areas of wheat and barley, the two most 

important winter crops, are dependent on rainfall. Supplementary 

introduced in areas with a deficiency of precipitation.irrigation is 

manufacturing 

There has been a steady increase in the manufacturing 

However,development and production in Syria within the last decade. 

agriculture contributes 50 percent of the national income compared to 

manufacturing's 12 percent. Most ofthe recent development is in 

light'industry, suchi as textiles and"related manufactured-products. 
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Damascus andAleppo account fo r the large st part, ofthemradt~ri 

output, with 70 percent of the total floor.-area of manufacturing plant 

(Table, 1) 

TABLE 1 

TOTAL FLOOR AREA OF MANUFACTURING PLANTS 
( 1 9 6 1) aBY MUHAFAZA 

Floor Area 

Name (in sq. meters) 

-Damascus 322,418
Horns 63,069 

Hama 36,986 
e218.486 

Idi 7,909 
Al-Latiquiya 88,367 
D'eir-ez-.Zor 18,474 
RAiah 4,420 
Al*-Hasakeh 3,21.1 

A's .Suweida 10,865 
Dar'a 9,48Z 

Total 777,714 

Source: .Statistical Abstracts (1961), Syrian Arab Republic, pp. 245-6. 
a uhafazais' the largestadinistrative unit in Syria. 

This ,then, is:a brief presentation of,someof. the important 

in'factbrs which have influenced the, ditributon,.oft...n "rtfacilities 

SYria,- some more important than others to be sure, but all playing a 

ro.e in the. spatial layout of the.network. 
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CHAPTER III, 

.
DEVELOPMENT OF' TRANSPORTATION IN:: SYRIA' . 

Although the main focus of this study is on the modern 

transport network of Syria, the' following discussion describes the 

fashion in which the present day network of the country developed 

through time. This historical perspective provides a certain degree 

of understanding of the variables that are related to the transport 

network, and the manner in which the present day alignment of the 

network evolved. 

The present day transport network of Syria is the product of 

six distinct stages of growth. These are: 

1) Ancient'caravan routes. 

Z) .Roads built during the expansion of the Roman Empire 

into the .untry. 

3)' Wagon roads :built during the latter part of the 19th century. 

4)' The railroad building era. 

5), Motor roads. 

6) Realignment following the, partitioning of Greater SyriL. 

These stages should not be" considered ,inldependent of one 

another, nor should it be thought that when, a.new stage eme rged ,the older 

one ceased to exist.. In fact, the present day network 'onsideshouldbe red 
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the resultof a combination of these six stages, some more important 

than others'certainly, but each contributing a share in serving the 

movement of goods and-people from one part of the country to another. 

Ancient Caravan Routes 
iI
 

The location of Syria at the meeting point of the three 

continents of Africa, Europe, and Asia brought about the growth of 

trade across its territory linking east to west since the dawn of 

civilization. Before the coming of the Roman Empire there were two 

main caravan routes that passed through Syria; the first across Turkey 

moving south into northern Syria and then eastward into Iraq following 

the grasslands of the Fertile Crescent. The second extended from the. 

port cities of the eastern Mediterranean eastward across Syria into 

Iraq and onward to India and East Asia. 

In addition to these two international routes, there were a 

number of local routes joining the interior sections of Syria to the 

coastal towns. After leaving the plains, the goods and people in trans

port had to make a sharp ascent of the two mountain chains of The 

Lebanon and Anti-Lebanon. This made it necessary to unload the 

1 In this chapter this name refers to Greater Syria, a part
 

of the Ottoman Empire that was composed of what is now Lebanon,
 
Syria, Jordan, and Palestine.
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acros the plains,the main animals of burden,.camels, which were 

and transfer the loads onto mulesa or dkesthtwanmlprmaril 

used,in rugged, terrain transport. 

Itwas in this strategic -zone, .the meeting point of the flat 

desert and the rugged mountain, that the interior break-of-bulk points, 

of.Damascu,.develbped and were-later to become the large urban centers 

.Homs, Hama, and Aleppo. Once the transfer Of goods was completed, 

of the easternthe, caravans continued their journey to the coastal area 

Mediterranean,, crossing, the mountain chains that, separated them from 

the, sea, at the few'.naturai passes' that cut across what might otherwise 

have been an insurmountable obstacle..
 

The -second type of break-of-bulk point evolved through the
 

development of. settlements located at strategic points jalong he coast.. 

These ports were the terminal points of the land routeswhere the 

goods and people coming from the east,had tOchange carriers before 

sailing for their ultimate destination m the west. There,was.a 

the . same, manner as 'thecorresponding movement-from we st to east in 


Once these centers became, important
movement from east to west. 


enough to generate their own traffic movement, new routes developed
 

connecting them to, one another' and .Turkish citieS: to ther north 

The most impor settlements became the.port cities of
 

Sidon, Tyre, Byblos, Tripoli, Antiochi and Alexandretta.
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and Egyptian cities to their south. This early development played 

anmportant role in the structure and growth of the subsequent 

stages of transport development in the area, as it was the formative 

Theirera in which the location 'of the major urban centers took place. 


position had to be taken into account whenever any new connections were
 

introduced.
 

Roman Roads 

The Romans -were noted road builders, and 	with the extension 

of' their rule over Syria, a well constructed and connected road network 

are still in evidence. Sincedeveloped, the physical remains of which 

Syria was one-of the most important Roman outposts, this network was 

designed to move troops efficiently from one part of Syria to another, 

'ai to join the local areas of agricultural production to the various army 

installations, thus insuring a dependable flow of food products from ,the 

supply to the demand areas. 

to the fall of Rome, major powers utilized theSubsequent 


Roman road network in Syria when carrying on their contacts, even
 

though they themselves did very little to improve the roads: or:to 

construct new ones. 

19th, century, :the period immediatelyDuring the first half of, the 


'
 prior, to the coming of :the wagon to Syria, 	a nuber:of urban centers
 

in their irole aq middlemen
were, engaged in profitable trade ventures 
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between east. During this,period,, Aleppo was thelargest 

urban and commercial center mi the region. :Ca:ravans which care, to 

it from East AsiaIndia, Iran, Yemen, and Irq followed the natural 

route of the rtile Crescent carrying high cost goods that were im 

able to bear the highl cost of transport-dema.d in Europe,, and.so were 

in addition to the initial high cost of the goods themselves. Among the 

goods in highest demand were silk, dyes; coffee, andmrnedicines. At 

Aleppo the goods were sold to European merchants, who then transported 

them to one of the three ports, of Tripoli, Alexandretta, and A-Latiquiya. 

In.return, the merchants of Aleppo purchased a large number of 

-European-manufactured products and.moved them eastward to the 

areas of, demand. Of the three ports handling the flow of goods across 

the area, Tripoli handled by far the. largest: overall volume (Table 2). 

In addition to shippingmost of Aleppo, s incoming and outgoing flow 
of goods, it handied most of the goods passing through the smaller but 

nevertheless important citiesof Hama and Homs. 

TABLE 2
 

GOODS- HANDLED IN 1844
 

City Metric Tons 

Al- Latiquiya 165,000 
Tripoli 330,000 
Beirut 68,000 

Source: Abdul Karim Gharaibek, Syria During the Nineteenth Century, 
Institute of Higher Arabic Studies (Cairo, 196Z). In Arabic. 
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Evei though most of the'large urb2n centers were connected 

to one another, the 	journey between any two of themw h 

and costly (Taible 3). 

TABLE 3 

TRAVEL TIME AND DISTANCE FROM DAMASCUS 

TO MAJOR URBAN CENTERS 

'(Round Trip) 

Time 	 Distance 
(in kms.)Round Trip 	 (in days) 

5 	 165Damascus-Homs 
7 a11Damascus-Hama 

Damascus-Aleppo 	 10-1Z 364 
4 	 111Damascus-Beirut 

Wagon Roads 

In 1856 Count Edmond de Perthius, a French national, was 

granted a fifty-year concession by the Turkish sultan giving him the 

rights:tobuild and exploit a wagon road joining Damascus to Beirut. 

road was started in 1859 and was completed inWork on the 111 km. 

1863.1 Thisnew connectioncut down traveling time between the two 

citiesfrom,,the previous four days to thirteen hours :for the round trip. 

. This substantial decrease, inthe friction of distance between 

the two cities stimulated growthatboth ends. A number ofindustries in 
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we r..e.. min ,: i r't ...."i-i 1 63... .. .... ..... p 6.. ' -nb~io . 

Beirut that we mnrlclmpraebfoe16expaidedof 

their facilities to meet the demand that was generated in the interior 

with the coming of fast and relatively cheap transport costs.-". The 

aposition ofBelirut at'the termiiai point of this new line gave it 

comparative advantage ove r -other port cities such as Tripoli, Sidon, 

and .Haifa, all competing for hanxdling the'trade .of,the interior regions. 
dThe-osition of Damascus, like thgt of Beirut, was also greatiy enhanced 

:by, the building. 6f this, new road, whilehthe oher :competing, centers 

continued to depend on the slower.'and more 
r 

.expensive ,animal
tctis 

transport,
. not er d,, , Ai 

However, the merchants of these: interior'centers and port cites-dd no 

:take long to realize the importance of rapid and cheap transport facilities 

Sthat was apparent! in the rapid-growth of the volume.of goods'moving 
betweei Beirut and Damascus. Aleppo was linked to Alexandretta by 

a.,wagn 'road'i-n 1873, Homns to Tripoliby 1883, ,and"others we re quic 

to follow (Figure 8), 

By 1894 Beirut was handling by far the-largest'volume of 
: giamong'.,:i othe-ofh' r i sa'ols 

goodamongalltpots"of the area, a position it still holds 

TABLE 4 

MOVEMENT OF GOODS ,.THROUGH MAJOR, PORTS, '894 

Port 'Tons 

Beirut 740,5511 
Tripoli 429,723 
Alexandretta 290,323 
Al -Latiquiya 170,891 
Haifa 110,626 
Acre 73,377 
Saidon 43,987 

http:volume.of
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WAGON. ROADS (1900).
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goods 'throughthe .three.n'An examination :of "the fmov 

and after the comingof 

: he wagon roads:reveals that, change-,was -not confined only to the 

increase in the volume of goods, handled but'. also6 to an increase in the 

relative posiLtions of ports, especially that of Beirut, wh.ch, handled the 

smallest volume of goods in 1844 and subsequently: grew to become the 

largest port.by 1894.(Figure 9). 

main ports of the region for. the periods abefore 

Railroads 

In 1865 a report by the admnstrative council:of the society

which owned the Beirut-Damascus wagon road stated that.: the agricul

tural products of the Houran and Ledja that are ro-!3ted for the major 

part to the ports of Haifa and Acre, will move via the"Damascus-Beirul 

.road if-a Link betweenDamascus and Mezeireb is. built.- The plains' 

of: Houran, an important, agricultural area in the southern part of Syria, 

had always.been a high quality grain surplus, area since the early 

' days of the Roman Empir e. iI 1890.the area produced 61•5,000 tons

of grain., of which 190,000 tons. were exported (Table 5). 

Elauthere, Elefteriades, Les Chemins .de Fer. En,Syrie 
.et auLiban (Beyrouth, 1944)' p. 40. 
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TABLE i5 

AGRIC:ULTURA1;-' PRODUCTION,-' OF THEHORN(80 

TonsProduce 

Wheat' 	 160,000
 
170,00
Barley 
189,000Corn 


Others .96,000.
 
* Total 	 615,000 

Of the total exports of that year, 63,320 tons .went north to Damascus 

and Beirut, while 126,668.tons went to Haifa and Acre. In order to 

maintain ,this favorable situation, -a concession for building a railroad 

joining the Houran plains to Haifa, and extending northward to Damascus 

was granted by the sultan toa British firm. This serious threat to the 

Damascus-Beirut line, and thefact that the wagon road was fast 

reaching its full capacity due-to the large increase in movement of 

both people and commodities that it was called upon to handle, made 

the possibility of the renewalof its sole exploitation rights of the 

connection quite unlikely.: Meanwhile, a Lebanese financier, Joseph 

Moutran, was :given. a concession to exploit the port of Beirut under the 

,name: of. "Companie du Port des.Quais.et Entrepats de Beyrouth." ; 

An expansion ofithe port facilities was -soon undertaken: by this new 

company to .enable the efficient-handling :of the ever-increasing flow of, 

;goods.. 
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Damascus -Mezeireb Railroad. Mr. Moutran subsequently' 

,obtained'another c,,concession from ,the T h sultan, this time to 

build a railway line connecting Mezeireb, in the heart of the Houran 

agricultural area, to Damascus 103 -.km. to the north. This was a 

narrow.gauge line (1.05'm.), completed'in the summer of 1894. It 

cut down traveling time between Damascus and Mezeireb from 2-1/2 

days on horseback to 3 hours by train. This new connection stimulated 

the flow of goods between the two areas and greatly affected the flow 

on the already overburdened wagon line between Damascus and Beirut, 

making it very obvious that this connection alone could no longer handle 

the total flow. 

Damascus-Beirut Railway. Mr. Moutran's company, under 

its new name,- Societe des Chemins de Fer Ottomans Economiques 

purchased the exploitationde Beyrouth-Damas-Houran en Syrie," 

rights of the wagon road and began planning a railway connection between 

standard gauge line,Damascus and. Beirut. Original plans called for a 

but since a Speedy completion was very necessary, due to the competition 

narrow gaugewith the Damascus-Haifa line already proposed, a 

was decided upon. This narrow gauge would be much easier to build and 

as the two mountainmuch, faster to complete than a standard gauge line, 

ranges of The Lebanonand the Anti-Lebanon were to be crossed. The 

in length, with five tunnels the 1ongest of whichwas 7 km.line, 147.km. 



The trip between Damascus andwas completed in August 1895 

cut down to 9 hours, and the ascent of the steep mountain,,.Beirut was 


sides was sinplified by the use .
of cog's.. The cost"of shipment 'of goods 

reduced to half the ;amount of whatbetween Damascus and Beirut was 


it had been before the coming of the railway (Table 6).
 

TABLE 6 

OF FREIGHT MOVEMENT BETWEEN DAMASCUS AND BEIRUTCOST 

Length of haul Cost per ton-kilometerMethod 
(in kilometers) (in francs) 

Wagon 	 122 63.3 

144 28.8Railway 

company,R iyak-Hama-Aleppo Railway. Mr. Moutran' s 

Ottomane du Chemins de Fer Damas-Hamanow renamed "Societ' 

Prolongements," obtained a new concession from the sultan to build 

railroad line joining Riyak, located at midpoint of the Beirut-Damascusa 

line, to Aleppo in the northern region, passing through the cities Of Homs 

andHama (Figure 10). Riya kwas chosen as the head of the line instead 

of Damascus because zthe area 	between Riyak and.Homs ,isa fertile 

:agricultural plain, while the area between Damascus and Homs is a 

desert. By thetime the line reached Hama in 1902, the company,ran,
 

into financial difficulty and work had to be, sop'ped emporaily., Itwas 

resumed the. following year, and. the standardguge lin 1.435m.) 
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which was'331 km.' inlength, re ached -Aleppo' in 1906', 

In 1903, the year afterthe line reached Homs, the, movement 

of g0oods between that city: and Damascus reached 37,180 tons, whereas 

,'it,had never gone over.10,000 tons inprevious years. 

Homs-Tripoli Railway, ..In 1909' a concession to build a 

standard gauge line connecting Tripoli to Homs was granted to D.H.P. 

This line covered the distance .of 102 km. and was completed in 1911, 

joining the second-largest port of'the region to the growing rail network 

in the interior. 

Hij"az Railway.: In 1900 -workwasbegun on a narrow gauge line
 

to join Damascus and Mecca, the religious capital of the Islamic world 

in the western part of the Arabian peninsula. There were a number of 

reasons why Sultan Abd-uL-Hamid undertook to have thi's line constructed 

with funds provided by public-conscription. The two imost important
 

reasons.were: (1) to maket e difficult land journey to Mecca easier and
 

safer for the pilgrims, and (2) to connect the Arabian peninsula to the 

heart of his empire, so that he could control this peripheral part of 

the empire more efficiently.-

The above points may be considered the main justification for. 

buildin thia line, From an economic point ofivew,itwas unjustifiable. 

Abbreviatonfor "'Societe Ottomane du emis de Fer
 
r .vna-Tama .
et "Prolonenent." 



The oniy part that might have had. any economic'benefits was the 

Syrian segment, from Damascus to'Dar'a, but this duplicated the 

Damascus-Mezeireb line alreadyj in existence,, where the lines are 

12 kmi. apart at the farthest point and come to .within 5 km. of one 

another at several points. The rest of the line, south of Dar'a, ran in an 

area too dry for any, commercial, agriculture to ,develop in it, and too 

thinly populated: to generate continuous passenger traffic. The only 

substantial use of the line would be during the time of the yearly 

was too small and highly seasonal to warran'pilgrimage, and this traffic 

a railway. However, its strong religious appeal to Muslims all over 

the world brought large amounts of subscriptions to support this 

project. 

D.H.P.,. sensing the consequences of a competing line so 

closeto its own, offered to sell out its.facilities at cost to the Turkish 

agovernment. The. Turkish government refused this offer, and in 

partial settlement paid the D.H.P. company 150,000 Turkish pounds 

on the line for a few years,for damages. D.H;P. continued its service 

service was permanentlybutrthe losses were too great to bear, so 

,terminatedon this line,in 1914.
 

The Syrian segment of the Hijaz Railway extending from 

1903 with alength of 140 km'-.
Dar'a was completed'byDamascus to 

SIThe line reached Medina 1,400km. awayby-l908. 
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Twb 'Connections, one joining Darla to Haifa and the other jo ining 

it to Bosra, were completed in 19 0,,4.. The segments ,-within Syria, 

Are 73 km. and 32 km. respectively 

Syrian Segment of the Berlin-Bagdad Railway. In1903 a com

pany.by the name of "The Ottoman Empire Company for the Bagdad 

established in order to extend the Berlin-Bagdad railwayRailroad" was 

line from Konia, Turkey to Bagdad, the ultimate destination. At the 

outbreak of the war the line-had reached northern Syria, and with 

work continuing all through the war, the line reached Nusaibin in the 

northeastern part of the' country. The final segment of this railway 

that is within the Syrian border was finally completed in 1935. 

Motor Roads 

The first carthat'was, ever seen in Syria crossed from 

Alexandretta to Aleppo:in' 1909, using-one,.of the wagonroads that had 

been built in the previous century. linking .the major.urban centers to 

one another. The condition of these wagon roads had become very 

19th 
poor due to lack of maintenance during the latter part of the 

century when the railways becamelthe primary carriers in the 

movement of 'goods and people throughout -the area. 

Road conditions remained very poor until thecoming of the 

French forces during World War I. This occupationmarked the 

beginning of the modern road building. era in Syria. Sy stematic, road 

http:using-one,.of
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building was introduced., New roads were planned, andold iones 

were expanded and improved. 
Aiter the end of the war the French mandate government 

continued its systematic plans of road improvement giving preference 

to connections that Were of economic-or strategic imnportance. The. 

improvement program dealt mainly with iebuilding the existing old 

liiks, improving the grades in rugged areas, widening the surface and the 

shoulder areas in most cases, applying new surfaces, and in general 

using the improved techniques of road building developed by their 

engineers. The road network that developed during thiq period, can 

be divided into two groups (Figure 11). The first type, the transverse 

lines, joined the port cities to the interior urban centers. The main 

transport lines were: 

1) Beirut-Damascus road. 

2) Jubail-Baalbek road. 

3) Tripoli-Homs road. 

4) Banias-Hama road. 

5) Al-Latiquiya-Aleppo road. 

6) Alexandretta-Aleppo road. 

The second type, the longitudinal lines, ran in a north-south 

orientation across, the three lowland areas of the regibn. Thesewere: 
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1) The 'coastal road.beginning at Tyre in' the south and 

S.don,terminating at Alexandretta to ,the north, passing through 

.Beirut, Jubail, Tripoli, Al-Latiquiya,, and Antioch. 
2)' The .central,valley road from Tyre to.Zahleh, .:Baalbek,

'and then *Horns. 

3) The' interior.,road joining the major urban: centers of-

Syria, namely Aleppo, Haa, Homs, Damascus, and southward to Dar'a. 

Realignment of the Network Following the Partitioning of Greater Syria: 

At the end"of World War. I, the Ottoman Empire, an ally of. 

defeated Germany, lost most of its possessions outside the Anatolian 

subsequently removed'from.Peninsula. The Wilayet of Syria was 

under the Ottoman rule and partitioned into anumber.ofnewly created 

the modern.state of :Syria. Creationioflstates,, one of which became 

onapolitical boundaries"cuttingacross transport lines that grew 

regional basis was detrimentalI to -the connectivity of the .network.of 

the area and especially ,to that of the newly. created stte, Syria. 

,Syria, which before 	the partitioning had seven major ports on"the 

left-with only one. port, namely Al-LatiquiyaMediterranean, was 

(Figure 12) The partitioning resulted:in a.decrease'in the connections 

linking the main urban centers.to one another, especially the one s that 

"joined the inland urban centers to their respective ports of entry. The 

port of Alexandretta, 	which served the'northern regionof Aleppo, was 

http:centers.to
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-given to the dtate of !Turkey.. Lebanon received the port-of Tripoli 

which serveo the Homs-Hama area, the important port of Beirut,, 

which was the entrepot to Damascus, and the. smaller ports of 

Sidon. and.Tyre to the south. The ports of Haifa and'Acre, serving 

the, southern region, were incorporated into the' state of Palestine. 

The role of the railroad network ,inserving the, economy of 

the area, already hindered by the existence of two types of gauges, 

was further disrupted'by the political boundaries'that were superimposed, 

on the region after the -whole network had already been built. The 

network, as-it had-developed prior to partitioning, connected the major 

urb:a centers, ports andt agricultural regions to one another. The 

north-south'line between Dar'a and Aleppo passed through the agricul

6 
htural region of the Houran, Damascus and its rich ghouta, 6 the 

agricultural region of.,the Beqaa, the large urban centers of Homs and 

Hama with theiLr rich agricultural uplands, and finally the highly 

productive Aleppo area. This longitudinal line was connected to the 

.prt cities of Aeirut, Tripoli, and Haifa, the three im"portant entrepots 

of the region, by three short transverse lines. Two other important 

connections existed, one joining Aleppo to Bagdad, and the other 

joining Aleppo to a number ofimportant Turkish, cities to the north. 

.The partitioning of Syriabrought about a seriousdisruption 

of the flbw of goods: on the railway- system. The north-south line had 

6 The name given to. the rich agriculturalplain on which 

Damascus is located. 
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to cros into Lebanon Damascus t Homs, disrupting.:on its way ifroma 

the flow .betweiln the two major segments of the country. The east

west flow was also interrupted as the three terminal .points on the,, 

Mediterr~nean were outside Syria. This madeitnecessary for' 

virtually all the imports and exports of the co'ntry' -which were moved 

by'rail to cross international boundaries and dependon foreign port 

facilities for' the country's international trade. 

The boundary 'between Turkey and Syria, disrupted 

the flow of the two lines joining Aleppo to Turkey .and Iraq. 'The 

Aleppo-Turkey line crossed the international border 117 km. north of 

Aleppo. 'The:Aleppo-Bagdad line crossed into Turkey 65 km. out.of 

Aleppo, rani parallel'.to the Syrian-Turkish border on Turkey's side 

for 38Z r., re-entered Syria for 81 kmi, and then crossed into Iraq. 

This situation made it necessary for agricultural"products of the Jazireh 

in the, northeastern section of Syriato cross into Turkey before reaching 
Aleppo, the regional center f the area.7 

The connectivity of the road network was also disrupted by 

the, creation of international boundaries. Unlike the railroads, however, 

thci,,,road movement between the Damascus. region to the south and the.' 

Homs..Hama and Aleppo regions to the north was not disrupted, 

because the, connecting trunk line remained inside the territory of 

- The s6ituation is still aggravated ,by the inability of :Syria and 
Turkey to:arrive. at a,: r easonable .s olution of theproblem 

http:parallel'.to


Syria. On the other hand, the coastal and the. central -valley.:'
 

longitudinal line s were di srupte d by the, international, boundary,
 

between: Syria and Lebanon, the former between Tripoli and 'Al-Latiquiy_
 

and the latter ,between Baalbek and Horns.,. In addition.to this, the
 

three important transverse'lines joining Beirutoto Damascus, Trtpoi to
 

Horns, and Alexandretta t Aleppo were.disrupted, the first two by -th
 

boundary with Lebanon and the third"by'the boundary with Turkey,
 

Thus the second quarter of the twentieth century found independent 

.Syria.with a dissected'segment of a transport network which had developed 

on a regional basis, creating a need for the realignment of the network 

this time based on nati6nal rather than regional demands. 

http:addition.to
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ROAD AND :RAIL NETWORKS' IN SYRIA BETWEEN ::1952 'AND, 19621 :, 

Vntil.now the discussion has centered around' the'underlying 

factors that are related to transportation in Syria, and the historical 

dev61oprrent.of the transport.network.in that country. This-chapter 

takes stock of the present. day conditions of transportation in Syria 

by examining the growth that has. taken place, in the.ten-year period 
,between 195Z and 19 62,growth based onthe national transport demands 

of the cointry. 

This ten-year period is.an important phase in the growth of 

h network in Syria when. the governent became aware of the important 
":' ::"' " " evelprent, rhUS initiating 

role that transport plays-in economicdevelop i ia 

systematic planing ofoster this growth. 

The Road.Network in 1952
 

In 1952 the :total road network of Syria was.8,200 k., or
 

44 km. per 1,000 sq..km. of land. Large variations existed inthe 

quality of the::roads, and the widths of their -surface and theirshoulders 

1 Most of the data used in this chapter:were obtained from 

ithe records of the: Ministries of Public Works and, Transportation in 

Syria., Detailed footnoting will be left out to avoid continuous repetition. 

http:dev61oprrent.of


The overall.width of surface and: shouiLer s -varea irom 6 -to,8 meters, 

with the actual macadam or asphalt part ranging from 4 to 5 meters. 

The road network was broken down into three classes 

depending on the location of the line and on Tthe role that it played in 
.....Country pmovement. nt.. Roads of international benefit

therr c' e attern :of 

TABLE 7 

ROAD CLASSIFICATION IN 195Z 

(in kilometers) 

All-weather Dry season 
dirt roads roads TotalClass Asphalt Macadam 

Roadsnationalof inter-benefit 1,700 290 210 00 3,000 

Roads of economic 
2,240
benefit 600 640 350 650 


Roads of local
 
300 Z70 440 1,950 2,960benefit 8,200Total 2,60-0" 1,200 1,0003400 

were the-Syrian segments'ofthe main trunk lines that connected 

the port cities on the ..Mediterranean coast, of.Syrla, Lebanon :and.
 

Turkey to the major interior citie s of Syria andIr'a4 and those lines that
 

extended from the-Turkish border -inthe north to the Jordanian border 

in the south.. 
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Theecon mic benefit roads, were',the- ones that joinedthe 

macjor- agricultural surplus .regions to the mnajor urban centers of 

Syria where the demand for thissurplus'existed. They'also connected . 

the cities with Syria' s major summer. and winter' resorts.' 

'
 
Roads of local benefit were either the agricultural roads 

.,connecting the lesser important,production areas to one another, or 

were feeder roadsessupplementing the other two groups of roads. 

In 1953 the national budget included 1,780,000 Syrian pounds2 

for the building of new roads, and3,350,000 Syrian poundsfor mamten

iance Of the.maintenance budget,10 percent or 335,000 S.P.(Fgure 13). 

were spent on dirt,roads, andl the balance ,of::;3,015,000 S.P. 
oni macadam, 

and asphalt roads. This meant that the dirt, roads!. share .of: the mainten

::,ance budget was '76... per km. 'and-that of macadam and asphalt roads' 

was792"5.?. per km. However, the maintenance program at this tie 

was not very' effec'tive, as the technique that wereused were quite 

primitive, leading to the deterioration of the roads a short time after 

"the work was completed. There was a serious shortage -of. maintanance 

equipment which was, partially.,offset by the intensive use of cheap 

hand labor. 

* 2 About 3.6 Syrian ounds are equal to one dollar.,, 
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In,1955 Syrian Law,#117, was the first formal miove towards" 

long range planning for building and maintaining transportation lines. 

Aknuimber of development schemes were-outlined between 1955 and 

1960, but.most'of them were discontinued after a year or two from.the 

time they were begun. However ,in 1960 a comprehenive Five Year 

Plan was put intoeffect and the shatre of the'transport sector was 

60: million S.P., allocated as follows:, 

1) Improving the network in general,30 million, 

2) Gravellingaid asphalting primary roads, 20.million. 

3) Building new roads, 10 million. 

In 1957, the Ministry of'Transport formalized the road 

classification of the country when it issued Syrian Law # 495, clasifylng 

the various*roads into six. groups. These were:. 

1) Wide Roadg(Autostrad). Included ill roads which handled 

,a large volume of traffic flow.. These were the roads that were enlarged 

to meet the specifications of ,the Geneva International Agreement of 

1950 'which recommended that main roads :o all countries should be at 

least 11 meters, Wide with 7 meters of asphalt. 

Z) International Roads. Using basically the same definition 
as the previous classification already mentioned; 

3) First Class Roads. Roads which joined the seats of the 

,major administrative divisions (rmuhafazat) to.one another. 



4) Second Class Roads. These were the roads that linked." 

the seatsof the nmuhafazat to the seats of the minor administrative 

divisions, (Qadas) andto the summer and winter resorts. 

5) Third Class Roads. Roads joining the Qada seats to 

one another. 

6) Agricultural Roads. Linking the small agricultural centers 

together, and to the agricultural areas themselves. 

In 1959 a declaration issued by the Ministry of Public Works 

and Transportation assigned numbers to the international roads, and 

identified the existing autostrads (Figure 14). 

The -Road Network in 1962 

By 1962 the road building and improvement program was 

well on its way as indicated by the overall increase in the total 

mileage of the network (Table 8). 

TABLE 8 

IN 1962 aROAD CLASSIFICATION 

(in kilometers) 

All-weather Dry weather 

Type Asphalt Macadam (dirt surf.) (dirt surf.) Total 

International benefit 2,050 - 400 550 3,000 

Economic benefit 1,650 650 700 3,000 6,000 

Local benefit 900 350 500 3,250 5,000 

Total 4,600 1,000 1,600 6,800 14,000 

-a Broken down according to the 1952 classification for the 

sake of comparison. 



56 

INTERNATIONAL HIGHWAYS 

*5 

Tell IKatchek 

% 

Al Karniahli 

5 ---

AI-Hasakoh 

Abou 

Dei-es-Zor 

'amal 

"Palmayra 

" " Aleppo

Idlib HaaHo e 
X 

:'" .~~~'-"' 

,-1 '"Damascus 

Darla' 

• .q 

FIGURE 14 

5 o K5 

KILOMETERS 

1oo 



Comparison between Table .SandTable 7 reveals a'-large 

ncrease in the total miieage of the economic benefit and .the 'local' 

,enefit roads,,and while the overall .mileage of the international 

,enefit, roads did not increase, there was a marked increase "inrthe 

nileage of the -asphaltroads, going from 1,700.km. in 1952 to Z,050 km. 

Ln 1962. However, a glance at the-dry weather (dirt roads) column 

Ldicates that this type of road was mauch too large, especially since 

550 km. of international benefit roads and 3,000 km. of economic benefit 

roads were still 'inthis group.
 

In 1962, 7,424,000 S.P. were appropriated for the maintenance 

of the highway system, of.which 10 percent, or 742,000 S.P., were spent 

on,dirt roads, and the remaining 6,681,000 S.P. were spent on the
 

This meant that 88 S.P./km. was spentmacadam and-asphalt roads. 

on that of the
 on the'maintenance of the former and .1,193S.P./km. 


an increase of 15 percent in expenditures on dirtlatter. This showed 

50 percent increase inthe expendiroads between 1953 and 1962, and a 


tures on the macadam and asphalt roads during that same period. 

The early 1960's witnessed a distinct improvement in road

buiding an"d maintenance techniques, and for the first time chemical 

laboratories were established to analyze the quality and types of soils. 

inthe areas where road building was'planned, in order-to determine 

the best types of materials that'would be suitable. Between 1953 and
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on the purchasn -of ro'ad-building1962, 12,0'00,000, S.P. were spent 
di~maintenace machnery, ilng out many of the gapsthat existed . 

ithe maintenance fleet prior to 1953 (Appendix C). 

The asphalt used in road-building and -maintenance appropri

tons perations increased from 5,000 tons per year in 195,3to 25,000 

year by 1962. Most of it was obtained from',the Home .refine'y,and 

only small quantities were, imported. 

Motor Vehicles 

Even though there was a fairly strict quota controlling the 

importation, of motorvehicles to the country, their number more than 

doubled between 1953 and 1962. The increase in the number of cars 

and trucks was very high, while the increase in the number of buses 

was moderate. 

TABLE 9: 

MOTOR VEHICLES IN SYRIA ,(1953:-62). 

Pe6rcent 
c1962inreaseType. 1953 

-Cars 6,065 16,534 173 

Buses 1,119 -11417 21, 
Trucks 4,594'.- 11,103 142 

Total 12.71,778 -9,0154 147 



,Bridges, 
aon of
...... n be ridg
 

In the ten-year periodiunder iscussion, a num f bd' 

were planned in order to improve the connections' among various.; 

segments of the country. The EUphrates, which is by far the largestand 

longest river flowing through the country, offered the most serious 

obstacle to road transport. Only two bridges cross the.river which 

flows 510 kn. across Syrian territory. The northern bridge is at Raikkah, 

260 kmi. south of the Turkish border, and the southern one is at Deir-ez-

Zor, 120,km. from the Iraqtborder. The two bridges are 130 km. apart. 

The bridge at Rakkah was built in 1942 by the British army 

and was purchased by the Syrian government after the war. This bridge 

was built for temporary use, and in 1957 two spans were washed away. 

It was later restored by the government, but due to its temporary nature 

the Ministry of Transport decided to build a more modern and more 

permanent bridge. This bridge is now under construction and is at the 

;same' site, as the old bridge. 

SThe: bridge'at'Deir-ez-Zor was built in 1929. Since it was 

only 2 meters wide, traffic could move in only one direction at a time 

.ad trucks with a gross weight over 12 tons could not cross, over it. 

However, the movement of heavy trucks has greatly increased in the 

last deca:de, espe cially ones with 20 ton weight and'over, carrying 

agricultural products from the Jazireh east to Aleppo ;and. Al-Latiquiya. 



in' order, to facilitate this movement tihe government, decided'to 

construct a new bridge at Deir-ez-Zor,' and work. on this bridge is 

also in progress$ 

A number' of other bridges were constructed during the period 

between .19 53 and '1962, and a number of older bridges were reinforced 

and'enlarged. 

Railroad Network Between 1952 and 1962 

In 1952 the railway system of Syria was composed of a 

number of disconnected-lines (see discussion onthe effects of parti

tioning on the network), each serving the immediate area that it

passed through ,with little regard to the network' sextensions that 

crossed the international boundaries and,re sumed their way through 

the n~ighboring countries. The governmont policy on ths matter was 

spelled out in anofficial government publication which-read "... this 

is due to the fact that the parts of th~e interna'tional lines in Syria are 

considered national lines and have no relation with their complementary 

parts in the neighbouring countries." In 195Z the railroad network 

was composed of three lines: 

1).' The northern line s, owned'and operated by the government. 

2) The D.H.P. lines, ,owned by a French company. 

3), HijazI Railway 

3.Statistical Abstract of,the Syr'an Arab: Republic (,196 1). 



In, 1954'the Syrian government began negotiations with' the 

French company aimed at purchasing the .assets and concessions owned 

.by the D.H.P. Final agreement was reached in 1956- and the government 

became the sole owner of the country s railroads, 

Subsequently, two agencie's were established, to control and_ 

direct the' railway system: (1) the -Directorate Generalof Syrian 

Railroads (SRR), with its headquarters at Aleppo, was placed in control 

of the northern: segment of the system, which wascomposed of- all the 
standard gauge lines (Figure 15); (2) the Directorate of the Hijaz Railwa 

(HRR), with:headquarters at Damascus, controlledall the narrow gauge 

.lines after the segmentof:,the Beirut-Damascus line was, added to it. 

TABLE 10
 

'RAILWAY ROLLING STOCK (1961)
 

HRR - SRR Total 

Automatrice 4 4 8 
Locomotive 35 41 76 

98;48 50passenger vehicle 
Cargo wagon 452 985 1,437 
Fuel wagon 24 107 131 
Other (wagon) 21 48 61 



RAILROAD NETWORK (1963) 

Tell Kotchek 

" 
AI Kamishl 

hoban B y 

'Midan Ikbis 

eD:amascusj 
Bosra) 

.i*A Darla 

4*w:STANDARD GAUGE 

NARROW GAUGE 

O 25 50 75 

KILOMETERS 

;00 

FIGURE 15 



63 

Road-Rail Competition 

In the early 1950's the railroads of Syria witnessed a steady 

increase in the number of passengers , but in the middle 1950's this 

increase began to level off and a slight decrease followed in the 

subsequent years, except for the slight increase on the Syrian Railway 

lines during the period of 1960-61.(Figure 16). The main reason for 

this decrease was traced to the competition presented by the passenger 

car service system, which became very efficient by the middle 1950's. 

This efficient and inexpensive mode of travel provided regular service 

among the major urban centers, using passenger cars with a seating 

capacity of five to eight persons. Each traveler would occupy one seat, 

and once the car was filled to capacity it left for its destination. The 

efficiency, speed, and comfort which this mode of travel provided, along 

with a rather inexpensive fare, offered the railways strong competition 

for passenger service. 

The movement of goods on the Syrian Railway lines witnessed 

a steady increase between 1952 and 1957 (Figure 17). In 1958 a sharp 

drop was experienced followed by a steady increase in 1959 and 1960 

and a drop in 1961. The Hijaz Railway lines showed a steady increase 

during :the period under discussion, with minor fluctuations occurring 

in, 1958 and 1961. 
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.The chaiges that occurred -in the amount of _'goods-transported 

tby r,'.ailways were influenced by three major factors: 

1) 'Fluctuations in the amount,,of production, especially in 

the agricultural sector of the economy. 

Z) Amount, oftransit. goods thatmoved across Syria." 

3) Truck competition. 

•
Fluctuations in Production. large amount of .the,bulk goods 

transported by railways in Syria were agricultural products. Since 

most of the. agricultural regions, depended on rainfall for their water 

.supply, variations-of a few centieters of rain duringa given year 

Evenmeant the difference between a good harvest and'a bad.one. 

though-precipitation was not theonly variable related to agricultural 

,yields, 'aclose correlation existed between the-two, with comparatively 

higher yields per hectare in the wetter years and comparatively lower 

yields during drier years. This -variation in yields affected the. amount 

of total agricultural production, which, in turn, affected the amounts 

transported by rail. 

,Transit Movement. 'A in transit thatlage axount, of goodss 

passed "through Syria on the way to Iraq and Jordan was transported by 

...rail. Most of Jordan's international trade moved through the port of 

Beirut, which was joined to Amman by the narr gaugelineIow Beirut

Danascus.-Amm ian. amounts of Jordan,'s imports and its -mostLarge 
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important export. phosphate, were. transported on this railway. 
Goods moving between Iraq and the Mediterranean ports 

depended in most instances on the facidities 'of the. rail-network of 

Syria, as Bagdad as connected to:its three major ports of entry; 

Beirut, Tripoli:, and Alexandretta,- by way of the Syrian Railways. 

This meant that incre'ases. r decreases in the amounts of imports 

and exports of Jordan and Iraq affected the amount of goods -transported 

by the Syrian railroads. The importance of transit goods to the Syrian 

railroads is obvious by the fact that out'of 417,995 tons handled in 

196', 304,165 tons were labeled external transport and only 113,830 

tons were labeled.Internal -transport. 

.. Truck Competition. A large increase in the number of 

trucks used for the movement of goods in Syria took place in the last 

decade. The. increase in the number of trucks from 4,594 in 1952 to 

11,103 in: 1962 presented the railroads with competition. that is expected 

.to in'crease in the coming years. Discussion with a number. of merchants. 
inSyria concerning their preference between the services of the rail

roads and 1th se of :the trucks revealed that p reference was increasingly 

shifting in favor of the trucks, especially by.the merchant handling 

.Syria's main export commodities, cotton.and wheat. Some: of the 

recurring reasons given for choosing truck over. rail were: 



1) The railroad ,network was fragmented by both international 

boundaries'and different gauges, which interrupted the' flow of goods 

Irom one part of the country to another. 

2) The orientation of the railway lines was not in. line with 

the direction of the flow ofgoods, especially n the northern agricuitural 

.region which is served by a small segment of :the existing line, 

3) Although the ,government's policy, was to direct the'trade 

and especially the exports of the country through the port:of Al-Latiquiya, 

there were no rail links leading to that port. 

4) The railroads lacked adequate facilities required to handle 

the highly seasonal-flow of agricultural products. 

'Railway 	 Lines.under-Construction 

Since-the day AL-Latiquiya became the major port of Syria, 

there were visions of joihing it.by a railway to the rest of the country, 

and expecially to the agricultural noitheast. However, it was not until 

-1956 that the first feasibility. study of a railway line j oining A l-Latiquiya 

to,'Al-Karnishi. passing through'Aleppo, Rakkaib,.Deir ez-Zor, and 

.Al Hasakeh, was undertaken (Figure 18). -In-1960, .afterthe completion 

of: all' the technical aspects of the..study' the Soviet-.Union agreed to 

provide loans and equipment to aid the Syrian government in constructing 

this line, which is expected to be completedin 1967. By that time the 

technical studies',show that over, one million •tons of. agricultural, and 
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manufactured productswill be moving between the two areas linked
 

by this line, and'it is expcted that the railway will be able to attract 

a large share of this movement. This figure is ex ected to increase 

significantly once all the irrigation projects that are under construction 

in the north and-northeast are completed. 

Another line which will be constructed once th6 above mentioned 
project is completed will be one joining Homs and Damascus. This is 

a badly needed connection which will link the northern and southern rail 

systems togethier once -again:and will provide rail connections among 

the major urban centers and agricultural regions of the country. 

The completion of these two lines is expected to increase the 

connectivity provided by the railway, network in Syria, and will most 

probably bring about, the growth of new rail centers which Will have a 

comparative :advantage due to their strategic location on the rail lines. 

It can then be concluded that by 1962 the transport facilities 

in Syria were greatly improved due to the active part that the government 

was undertaking in planning. and executing projects that improve the 

transport network, even though: much work remained to be done. The 

:country's trunk lines were being improved, old'bridges replaced, dirt 

roads surfaced, nl new connections constructed. The-railway. line 

joiningthe Jazirah to Aleppo and Al-Latiquiya, now under construction,, 

:and.the proposed line joining Horns to Damascus, should increase the: 

effectiveness of the role of rail transport in.the .country. 



CHAPTER V 

HY AND -RELATIONSHIPS lCONCE.RN.ING*)PQTHESES 
:TRANSPOR T NETWORKS 

The objective of this chapter is to examine a number of 

theoretical notions concerning the structure of road networks and the 

changes in the cQnnectivity of urban centers as the network structure 

the first part examinesevolves through.-time.- This is done in two parts: 

the structural development of a road network, and the second part con-

The structuresiders the connectivity of the total road and rail network. 

examined in light of a number of variables whichof the road network is 

are considered to be related to the spatial layout of the network in a proba

belistic . fashion. The connectivity of the network is analyzed at different 

periods of development in order to evaluate the changes in the accessibi

lity of urban centers over time. 

Structure of Transport Networks 

This study assumes that the shape and the extent of a network 

are related to a number of variables such as population and economic 

activity which are unevenly distributed in an area, and that this structure 

is a, reflection of the spatial differentiation and lhe interaction among 

these variables. Due to this uneven distribution, it is expected that the_ 

networkvaries in complexity from place to place, the variation in 



coMPlexity, following directly frOm the degree of intensity with which 

the pertinent var-iables appear,.,." 

f illustration, aL.very simple mbdel::demonstratesL.For the sake 

the point Under discussion. Consider a number of scattered settlements 
n 'acertainzegion (Figure 19).; 

C. 

e 

.Figure 1.9. scA"TTEREDI SETTLEMENTS 

For a number of reaso s (economic, Social, political,, etc.), 

'interaction among these'centers develops and movement of people:and 

goods occurs'among them-. Once interaction between any, two centers 

:reaches ,a certain high level and achieves a one istent rate of ,growth, 

a.-:communication line develops joining these two, places (Figure 20).In 

a sense this. is a visible impress upon the, landscape_6f the interaction 

I,.and complementarity between two places. 
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Figure 20. GROWTH OF A COMMUNICATIONS LINE 

As interaction increases among the other settlements, similar 

routes connecting these points to one another are introduced. With still 

further interaction,,routes continue to evolve until most, or all, the 

settlements become interconnected. (Figure 21). 

IT 

Figure 21. INTERCONNECT'IONS AMONG SETT LEM'ENTS 
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favoraDie
.whichis''Due :toa.number_of advantage s,,among 

number of settlements increaselocation on the developing' network, a 

growth of centers with lessin size and in importance faster than the 

.favorable locations. This leads to an increase in.the movement of goods. 

centers while 
and people on the connections ,leading to these growing 

on the connections leading to the lessimportant centersthe movement 

or expansionremains the same or'decreases in quantity. Improvement 

of the important connections is.then undertaken in .order to meet the 

dernand for the, increased movement along these lines -(Figure 22).' 

F': 

-Figure 22. GRO.WTH OF A TRUNK:LINE. 

An this fashion primary connections among the, more-important centers 

come into being, while secondary and tertiary onnections continue to 

.;exist between the important centers and the less ;'important ones, as, 

..well as between the',smaller centers themselves. 



,Astime goes onaind innovations..in modes of transportation . 

,occur, they are introduced to strengthen the connections among the" 

important centers. in which the demand for expanded and improved 

of the ,new,transport facilities is high, enough to withstand the expense 

lines. 

Once an area has been inhabited continuously over a period: 

of time, a transport network develops which may be;)composed )f various 

modes of transport such as. road, rail, and waterways,.-and within' these 

further breakdown-of primary, secondarydifferent modes there will be a 

it strtuctureand tertiary, connections. Therefore, can be stated that the 

• of the transport network within an area which has been continuously 

inhabited is: r elated to a number of factors unevenlydistributed in area, 

These variables may be divided into two. groups: 

1I Ones that are directly relatedto the-complexity of the 

network, i.e., the complexityof the structure of the network increases 

Wi6h higher; vaues of the variables. 

Z- Ones that are inversely ,related to:the structure of the
 

network, i.e., that the complexity of the, network decreasesi with in

of the variables.
creased values .... ~ " s tha't:tlhe,'stru.ture fh rnpr~~~li 

'the transportThe above statement implies tt t rof 

more -complex in the areas; where the, significantnetwork is relatively 

structure of the network arevariables that are directly 'related to the 
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1f0und in large quantities and is relatively simple in the areas where 

the significant variables are found in small quantities, or. where the 

inver sely related variables are found. The. variable's that vill -be 

examined in this study are brokenidown into three. main groups:. 

-1) Distribution of population. 

2) ''Distribution of economic activity. 

"3) Some physical factors. 

Population Distribution. It is assumed that heavily populated 

,areas generate a high.."demand for circulation within that region, as 

well as between that region and neighboring:ones with'which the region 

,has a,high degree of complemetarity. This allows us to hypothesize 

,that if we examiie; two areas with similar characteristics but. for tho 

Size of their population, we would find a more complex network in the 

area with a large population than in the less populated, area. In other 

words,-all things being equal, the complexity of a transport network 

varies6directly with the size of the population of any given region. 

Economic Activity. Economic activity, like population, is 

unevenly distributed from place to place, with certain,areas containing 

a high' con,:entration of economic activity, while in other areas economic 

activity ma y, be small or non-existent.,. Again, we assume that areas 

with a -high degree of economic activy would develop a more complex 

road network than areas with les s' intensive economic activity and 



hypotbi. ize that the-structure of -the road networkin a region Varies 

directly with the intens ity of economic' activity,within that area, other 

things :being-equal . 

Physical Factors. The uneven characteristics of the physical 

base, the mountains, the valleys, the marshes, the plains, etc., that 

play an inp.ortant role in location of population and economic activity 

have an important bearing on the structure and the development of a 

transport network. In certain instances the physical base offers diffi

cult obstacles for interaction between two places which transport lines 

have to overcome before a link between the two points develops, while 

in other instances the obstacles to a connection between two places are 

almost negligible. One can then hypothesize that the complexity of the 

structure of the road network is inversely related to the degree of 

ruggedness of a given area, other things being equal. 

Summarizing the above relationships in the form of an equation, 

we obtain 
S = P- E+ B 

where S is a measure of the structure of the network, P represents the 

population distribution, E is a measure of economic activity, and B 

is an index representing the physical factors. The important point in 

this part of the study is the fact that now that the above relationships 

have been identified, they, are examined and described quantitatively 



r elative value of the more important and the less important-and the 

the, case of Syria are obtained.factors in 

Another relationship between road network structure, and 

on the notion that transport demand for 
transport demand is based 

The reason for this
agriculture is different from that of industry, 


variation is the fact that in an agricultural economy. the activity takes
 

place in a dispersed spatial setting, while in an industrial economy 

concentrated-the activity is'where supply and demand are highly much 

the case. with.agriculture. Due to the aboveless dispersed than is 

and to the fact that agriculture is muchmore developed in 
reasons 

,.S ria than industry is, it is hypothe sized that the variation; in transport 

iemands between agriculture and industry is reflected in :the structure 

,f the network, and that this reflection shows that the relationship 

6eween network structure. and agricultural production is much stronger 

structure and industry.han the relationship between network 

of equili-A third hypothesis is based on theidea that a. state 

brium between a countryit's transport. supply and demand is. very: seldom 

found. In Syria, where ,the realignment of the network took place duie 

to, the partitioning of the region and wher ea big change in'productivity 

it i's among the agricultural regions has taken place in.recent years, 


the transport demands
hypothesized that these recent imbalances in 

certain areas and leads in:others toof the country have caused lags in 


occur. These imbalances, are measur ed and analyzed.
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Connectivity, of ,Transport Networks 

The schematic examples that were given to illustrate'the 

.,underlying notions-.of the structure of transport networks may ,be 

used to illustrate the fashion in which:;changeS, in the connectivity of 

urban. centers takes place. -Figure 20 represents what may be consid. 

ered, a poorly connected network with-little difference in the degree 

of connectivity among the individual centers. Figure 22 represents
 

a well-connected network, with a marked difference in the degree of
 

connectivity among the various :centers. 
 On the assumption that a 

highdegree of connectivity providesa high degree of accessibility, 

one may state that the places that have a large number of strong. 

,connections are more accessible than those that are weakly connected 

'to the network. Each new connection that is introduced to the network 

ha an uneven effect on the system as.a whole. This effect is strong 

at the two points directly linked by the new connection and weak at 

the places that"are far removed from it. 

In analyzing the connectivity of the transport netwNork in 

Syria,,to-main points-,are •examined: 

1) Total network connectivity at different stages of develop

ment. 

2) Changes in connectivty of important urban centers :through 

http:notions-.of


of the railwa ystem an fte road net

.work is examined separately. The' railway network is examined at 

,two important periods: -(1). before the partitioning of the'.area, and 

()after the creation of present-day, Syria as an independent state. In. 

this fashion the dislocating effects of international boundaries on the 

railway network are examined, and changes in the connectivity of the 

whole system as well as of the individual centers are analyzed. The 

-hypothesis is that there was a marked decrease in the connectivity of 

the network as a whole,-and that the relative importance of certain 

'strategic centers: was decreased in relation to'. the other centers, while 

-

The. connec i,-ftivity 

the importance of other centers increased relative to the others. , 

The connectivity of the road network is examined at two 

stages of its development. The -firstcross section in time is taken 

.at;the.early period of the development of the present network, after 

,the partitioning of the region. This stage represents the network3as 

itdeveloped while it as a'part of a:larger regional network unre

stricted by international boundaries. -The second.cross section is 

,take atthe pr.I This, illustrates the manner in which the'esent period., 

,,network dev'eloped, in order to serve the needs of Syria. as. an indepen

dent state, with little regard to connections beyond the country's tinter

national boundaries. In this fashion, the changes, in the connectivity 

-of the country'.s, urban centers from the early 19_20 's to the present are 



examined. n.,addition, the centers that haVe become highly con ected in 

recent years, but that are still, relatively small., will be identified as, the' 

places where future rapid growth may be expected as a result of the newly 

acauired advantageous location on the road network., 

Thus other hypotheses derived, from- the above relationships which' 

aretested are: 1) that there was 'a arge increase in the total connectivity 

of-the '.eoad networkbetwqen.1920and 1963; that:the dege.2)of:connecti

vity of A: number of, importanturban place's hav ecrease relative, tothe 

connecti'vity ofthe whole network,.whie other places thatwere poorly 

connectedusin 1920 increased i rlative importance by 1963.' This mightbe 

particularly true in the.'case of the-port cities. of Syria"which, huhrltvl 

unimportant efore the partitioning of the region, became the country'smajor 

ports after independnce, handling anlargeportion ats international tiade 

The same increase in relative importaecmay be expected- to occur at the 

urban places of the northeastern part of the, 6ountry'y where Syria's -recent 

increase in,agricultural production for export ha takenplace. 



C-HAPTER VI 

GRAPH, THEORY MEASURES . 

of.transportation geographe rs have ta 

der ved.fro graph the ory, a branch of combinational topography,in 

their studies of transportation networks. William Garrison and"Duane -

Marblez devised a number, of indices based on"graph theoretic notions, 

applicable to geographic investigations :.of the structure of transport net

works. Garrison in another pioneering study, applied graph theoretic 

in his analysis of the connectivity of a part of the interstatemeasures 

highway system. Nystuen and . Dacey4 used a number of modified graph 

theory"measures to examine the nodal structure of regions, by weighing 

links withflow data purporting to measure the varying strengths of the 

see1For a detailed study of-the uses of graph theory Claude 

Berge, Theorie des graphes et ses applications (Paris: Dunod, 1958). 

This study has been translated to English: Theory of Graphs and Its 

Applications, translated by Alison Doig (London: Methuen; New York: 

Wiley, 1962). See also Giuseppe Avondo-Bodino, Economic Applications 

of the Theory of Graphs (Gordon and Beach, New York, 1962). 

ZW. L. Garrison and D. F. Marble, "The Structure of Trans

portation Networks, " unpublished report for the U.S. Army Transporta

tion Research Command, Transportation Center, Northwestern Univer

sity (Evanston,1961). 

3 W. L. Garrison, "Connectivity of the-Interstate Highway System," 

Papers and Proceedings, Regional Science Association, Vol. VI (1960), 
122-137. 

', 4 john D. Nystuen and Michael F. ,Dacey, "A Graph Theory Inter

pretation of Nodal Regions,. Papers .and Proceedings Regional Science 

Association, Vol. VII"(1961).. 
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examined a large numberinteraction between urban centers..- Kansky, 

. of graph theory measures and analyzed the relationship between trans

port networks and economies ,both on the regional and national scale. 

These'studies provided a. clear demonstration of the usefulness of-apply, 

ing graph theoryrmeasures in examining the spatial aspects. of transpor

tation networks. 

In itsnatural form, graph:theory is a body of mathematics that 

examines therelationship of pointsand linking lines. In its adaptations 

to transport network analysis, the.points :may be looked upon as the node's 

of the network, and the lines as the, road segments connecting the nodes, 

In this fashion any network under consideration is reduced -inshape 

from its,,actual form (Figure. Z3a) to a simplified form, with its signi

ficantproperties left intact (Figure 23b).
 

23b
23a 

FF 

Figure 2 3 .TRANSFORMATION OFA TRANSPORT NETWORK TOA 

GRAPH 

5 
K. J. Kansky, Structure of Transportation Networks, Department 

of Geography Research Paper No. 84, University of Chicago (1963). 
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In the la'nguage .,of,; graph theory that-has. developed the network;' 

is referred to as a graph; a node in the network is refe'rred to as a 

vertex; and 'the route between two vertices is called an edge.' Thus graph 

theory as applied in the area of transport network analysis isa 

Sincemathematical tool relating the vertices of the network t&its edges. 

edges and vertices. may be repres ented -in a; variety of.ways, depending 

upon the aim of the study,. they,4ave, to be defined prior. to any investiga

tion. The vertices .may be.representing'urban centers in. one study, 

while in another they may include any point where two lines intersect. 

Similarly, edges may be represented in many fashions. In one case they: 

,may be representing the road connections, while in another they.may be 

representing distance or travel time'between two points, while ifi still 

other cases they may be considered in terms of traffic flow. The graph 

:may be directed -or non-directed-indicating whether there.is a reflexive 

flow relationship between -the nodes; orit'may be connected or discon

nected, etc. 

Measures of Network Structure 

Two. graph theoretic measures are used togive numerical values'. 

to the -structure of the transport network.,of eachunit 'of,study. The first 

of .these two indices .is the "theta index, 
M 

where M represents the total miles. of which the network, is comprised* 

6 The notations used in this section are based on that of previous 

geographic', studies. For a'discussion of various graph theory indices, 

see Kansky, op.cit. 

http:there.is
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and V the number of its vertices. -This is an: index providinginf ormation 

concerning the layout of the network, .the mileage of the network, and 

Figure 24 shows three different networkthe connectivity of the system'. 

structures.
 

£ 1 

M = 75 	 M = 105 M " 175 

V 4 V. 4V 4 

0 = 26.25 	 0 = 175 =43.750 - 75 =18.7544
 

24c
24b
24a 


Figure 24. MEASURING A NETWORK STRUCTURE 

Figure 24a. shows a network with four vertices and two edges totaling 75 

miles, so the e index in this case is 18.75. Figure 24b shows, that an 

addition of a. 30-mile-edge to the system increased the value of Oi to 

26.5, and Figure 24c shows that a further addition of a 70-mile edge 

This shows, that different combinationsincreasedthe value-of eto. 43.75. 


of mileage and vertices yield, different values of 6, with lower values
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obtaied.for-the simple and disconnected networks, andhiger values 

obtained 	for the well-connected ones. 

The second mreasure used in this study is the iota index,,,
 

M
 

.where M 	is the total .mileage of the n etwork, W is:th'e total'number of 
vertices with weights assigned to them, and We is the number of weighted 

vertices 	in surrounding areas directly linked to the.network (Figure,25).
 

oA \
 

.1 M :125.
 
W* 9 

Wef 4 
i = 125 = 9.;6.944"• ' :'L..,-:.
:: ',;..-


V% _4 . I I 

Figure 25. EFFECT OF EXOGENEOUS ACTORS ON THE STRUCTURE 
OF A NETWORK 

'The effecti, of two factors tihatare believed to influence the structure of. 

the network that were-not included.in determining the value of @ are taken, 

-into:consideration when computing the value of i. The first.of these 

http:first.of
http:included.in
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incorporate s the idea that a connection to, a firstorder vertex has a 

;different effect on the system thana connection to a eondor third 

order vertex. The. second brings in explicitly the idea that the co0nnec

tions crossing the boundary lines from the surrounding: areal units 

influence the structureof the network within the specific area under 

consideration. The weighting of the vertices is done arbitrarily with 

a value of 1 assigned to a first order vertex, a value of Z assigned to 

a second order vertex, etc. The vertices We are similarly weighted. 

As in the case of e, higher values of i are expected for more 

developed networks, and lower values are expected for disconnected or 

for simple networks. 

It is felt for the reasons already stated, that the i index will 

portray a closer picture of the relationship between the network structure 

and the population, economic and physical characteristics of the area 

than the O index would. 

Measures of Network Connectivity 

Another fashion in which graph theory concepts are used in net

matrix of connectivity (Figure Z6).work analysis is to reduce the graph to a 

This is done by constructing a matrix in which the vertices that are 

while verticesconnected to one another are indicated by unit elements, 


that are not connected are indicated by zeros. The matrix is then powered
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to. th ' diameter of the graph,.whichisthe minimum number of one step 

'connections required to join the farthest 'pair of, vertices, .and the connec

.tivity of the different vertices is then calculated by totaling the.rows of 

the matrix, and the hierarchy of connectivity is determified., 

A~: Z E 

A 1 0 1 0"-.


B" 1 0 1 1 0 

Co 1 0 0. 0 

D 1 1 0 0 1 

E: 0 0 0 1 .0 

Figure .26. REDUCTIONOFA NETWORK"TO A MATRIX 

This techique points"up the ichahges in co'nnectivity, over, time, 

measures :of the: stiucture oflthe network.for anIyby examining basic 

desired date, past,'preSentor future. This is based on the fact that as 

new connections'areiadded to the graph, the value of the connectivity 

indices changes, not only that of the two ve rtices concerned, bUtthe 

vertices of the whole system. Consider,-for example, the graph An 

Figure 27. It has six vertices'and five edges connecting them. Figure 

27b represents the connection matrix of :the graph, and Figure 276 iS 

its matrix of connectivity. 
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A BC IV E'.. F 

A 0' 0 0 0' 0 

B 1 0 1 0 0' 

C 0 1 0 1 00 

D :o 0 1 0 1 '0.' 

E 0 0 0 1 0 ' 

F 0 0 01 0 1 0 

27b
27a 


Connectivity Per cent of 

Index Total ConnectivityConnectivity Matrix. 


A 0 5 0 4 0 1 ......... 10 ... .... ...... 9.6
 

B' 5 0 9 0 5 0 ......... 19 ... . ....... ... 18.Z
 

C 0 9 0 10 0 4 ......... 23 .............. Z1.1
 

D- 4 0 10 0 9 0 ......... 23 ...... ...... .
 

E 0 5 0' 9 0 5 ........ 19.... . ...... 18.2
 

F 1 0 4 0 5 0 ........................ 9.6
 
Total Connectivit y 104 

27e.
27d27c 

Figure"27d ,represents the connectivity index for each vertex and Figure 

27e the percentage of total connectivity. The'results show that'vertices 

A,andF have the lowest indices, with 10 and,9.6percent of the total' connec

tivity:for each of them. This is what we would expect, as A and Fhave 

o-nlyone edge, each connecting them to.the "systerm. Although vertices B, 

C. :D and E are connectedby tw, edges each, B andE ,have an index of: 
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19,.or 18.2 percent, 6f 'total connectivity, while C and D~have an index of 

23 and 21.1 percent of the total connectivity for each. A close. examina

rtionof the graph reveals that vertex, B is connected to vertex A, which 

has one connection , 0two Whileand to vertex C which has conections, 

vertex C is, connected to B and D with :two connections each. The same 

,comparison holds for vertices D-and E. This gives higher values. for C 

and D, which are connected to highe r,order vertices thanB:and E are,
 

even though the four have the same number,of edges connecting them.
 

To demonstrate the changes in connectivity that occur within the 

graph when a new edge is addedto" it, examine Figure 27b, which is 

basically the same as.2 7a but with o'ne edge-added joiningvertices D 

and F. Figure 27g, 27h;and 27i are.the connections matrix, the connec

tivity'matrix and the connectivity index matrix respectively of the new 

graph. Figure 27i reveals"the cha'nges, that have occurred to the connec

tivity of the graph by the intrduiction ofthe edge between D and F. 

A B. C D E. F 

A1 . .0 0.. 0 "0, 

BA'0 1 0 0 0 

!C 0 1 0 1 .0 

D. 0 0 1 0 1 

.E2 0 I 0 .0 1 0 1 

AF 0 0O 0 1 1, 0 

27f. Graph,,,,:, 27g. .Connection Matrix 



Connectivity Percent of 
onnectivity, Matrix Index Total Connectivity 

A 2 0 -. 3 0 1 1 .7. . .... . . . ..... .... . . . 5.6 

B 0 5 0 5 1 1 , . .I1 .,... . .. ..... . 9.7 

C 3 0 7 2 5 5 22. . . . :17.7 

D .0 5 2 '12 6 6 .......... 31 . .... . . . . . 25.0
 

E 1 1 5 6 7 6 .. . . . . . . . . 26 .............. 0.9
 

F 1 5 6 6 7 . .......... 26 .. . .......... . 2 .9
 

Total Connectivity. 124 

Z7h 27i 27j 

Figure 27. EXAMPLE OF NETWORK CONNECTIVITY ANALYSIS 

The first significant fact is that the total connectivity index increased from 

104 in the first case to 124 in the second case. Another result is that even 

though nothing new was added to A, B, C, and E, their values, as well as their 

rank were affected the same as were those of D and F, which were directly 

concerned with the change. 

Vertex.A remains the lowest within the system, with an index of 

7, 5,6-percent of the total connectivity, a decrease in relative importance 
o01m'its previous position. Even though B-and E had the same value 

beforethe introduction of the connection between D and F, and, even though 

:either was directly affected as far as actual connections are concerned, 

Enow has an indexk of 26, while B has an index of 12. This is due.to the 

fact that E is now connected to a second andto a third order vertex, while 

B remains connectedto aone and to a two order vertex. Their relative 
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position within-the: total: dicnne tivity of thegraph also canged, with B 

going down from 18.2 to9.7,percentwhileE.i'icr"asecl from 19 to,26 

percent.
 

The-connectivity of C,'which shared the highest'index. with'-D in
 
-thefirst2case at 2.1 percent of the total connectivity, decreased in rela

"tive importance in th secoiv case to 17.7 p6rcent, while D became the 

,best connected vertex with 25 percent of -the total connectivity. This is 

due'to the fact that with the introduction of the edge between, D and:'F,. D. 

became athird order vertex connected to two vertices, E and F, both of 

the second order, while C remaineda, second order vertex connected to 

third-and second order vertices, namely D and'B. Vertex F, ;which shared 

the lowest position with A in the first.examplei increased from 9.6 percent 

Ato 20.9 percent of the, total?.connectivity due to the, introduction of the, new 

.edgejoin'zig it to D. 

The above examples demonstrate a techiqu :which enables the. 

researcher to measure and describe changes in connectivity of urban 

centers.-as. the transport network of an area develops through time. This 

is useful f9r two, main -reasons: 1)it enables the, examination, of present 

,:day conditions in a historical per spective, and 2) given a number of, pro. 

!,,posednew links- to an existing, network, this technique makes it possible: 

to examine, the.futuire connectivity of the .urban places ithe are under 
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examination and to begin to iprdict possible :chn6ges baSedon the given

changes thatmay result'due to the change,'in the,;accessibility of:these 



EMPIRICAL VERIFICATIONS* 

in-this"chapter, the hypothesized relationships concerning the 

structure of the road network .inSyria is empirically tested. This is 

done by first,obtaining measures for the structure of the network, to be 

of population distribuconsidered as dependent variables, and measures 

tion, econonic activity, and some physical factors to be treated as-inde-

The :second step is to.relate in turn the dependentpendent variables. 

variables tothe, independent va r-bles in order, to determine the relation

ship that exists between them. In those cases where the relationships 

it is possible to state that the hypotheses areAre significanly.high 

acceptable; while"conversely, those relationships that are low refute 

the hypotheses as stated. Multiple regression analysis is used as a 

tool to measure the de'gree ofstatistical correlation between the depen

dent-variables considered, in 'turnand a number of independent variables 

considered simultaneously. 

The Variables,. 
For the purpose. ofthis anlysis,-the 42 administrative divisions 

(Qada) of Syria were used as uriits since all the: statistical information 

obtained used these units as the .basis for data. collection, .Using the@ 

.and i indices,.two separate sets of graph theor s were obtained 



for eachunit, one set representing the structure of the primary road net

work, andthe'other representing that of the road network as;a whole. A 

total of four structural indices were computed. In addition to these depen

dent variables, eight independent Variables that were considered to be 

related to the road network were obtained. These eight variables provided 

quantitative values for the three factors that were hypothesized to be 

related to road network structure: 

Population factor 

1) Population index 

Economic factors 

2) Agricultural index 

3) Manufacturing index 

4) Transit movement index 

5) Railroad competition index 

Physical factors 

6) Size index 

7) Shape index 

8) .Surface configuration index 

1. Population index: This was obtained by adding up the population 

of each minor census unit for each of the 42 Oada. 

2. Agricultural index: This was arrived at by totalihg up all the 

,tonnage of agricultural products grown within each of the Qadas. 



3. 	 Manufacturing index: Since there were no available figures. 

,
quantities of manufatur ed products for each of 	the Qadas, the floor 

area of manufacturing .concerns of each of the 42 units,,was used. This;,
 

implied that the number and the size of industrial buildings in an area
 

refl'cted the amount -of its. industrialproduction.
 

of tae 1 

4. Transit movement index: Since there were no origin-destina

tion.studies of the movement of -goods in Syria, neither on a national nor 

rough, index was worked out in the field by observinginternational basis, a 

the major routes used by carriers handling international trade and by 

inquiries at major customs centers. at the boundaries. Since no figures 

:,were. obtainable, a qualitative variable indicating the presence or the 

absence of international 'trade crossing each of the Qadas was obtained. 

:.5.,Railroad competition index: This.was another qualitative 

variable where the weighting was assigned on the presence or absence 

of raiiroadIlines within, each Qada. 

6. Size index: This was obtained by calculating the area of
 

each of the 42,units.
 

7.L Shape index:' In graph theory there exists an idea that a 

,measure of network structure is affected by.-the shape of the graph where 

.the network, is located. This. idea.was...incorporated, in this,.study to exa !

mine if the structur e of a transport network, is 	affected by the shape: of, 



the area iniwhich it is located.- Based',on.the: above •s tatement,! it is .ex-. 

pected. that the :struc'ture ofthe network servi h :g acircular area (Figure. 

28a)would be structurally differentfrom that of an elongated area 

(Figure:28b). This feeling, shared by a number of geographers dealing 

28a. Circular Area 28b. Elongated Area 

I I 

\ I 

Figure 28. RELATIONSHIP OF NETWORK STRUCTURE TO THE SHAPE 
OF AN AREA 

with similar problems, led to the calculation of an index for each of the 

42.units under consideration. In essence this index was designed to 

indi~cate,how close each of the Qadas were to being circular. The center of 

K!""' Kansky, Structur.e of DepartmentX. Transportation Networks, 

of Geography',Re'search Paper No. 84, University of Chicago (1963). 



done by outlining
mass.,of each, of the. units was calculated.. This was 

each unit on graph paper and dividing it into squares or, triangles 

(Figure',- 19), 

Ii 

Figure 29. 	 DETERMINING THE CENTER OF MASS 

of mass, and the areal,of each of the subdivisions were, calcu-The center 
lated, and then the center of -mass of the,.whole area was obtained. This 

was done byfirst calculating the centerof mass in relation to they 

axis, using. the: following relationship: 

- ~ixi 

the center of masson the Y.'axis; a was the. area ofeachwhere y, was 

of each of the small,
-Of the •subdivisions; x1 was.the, distance of 'the. center 
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subdivisionson the X axis; and .Ai was ithe-area ofthe whole unit. 

Similarly, the center of mass in relation'to the X axis was calculated 

using the following relationship: 

x 
Ai.
 

where R was the center of. mass. on the X axis; ai was the area of the 

-small divisions; Yj was the distance of each.center of the subdivisions 

on the Y axis, :and Ai was the total area of the unit. The' center of mass 

of .the whole unit was then located at the intersection point of the two 

centes of mass on the X and Y axes. The smallest circle that contained 

the,.whole area.was then-drawn, using the center of mass as the center 

of,thisi circle. 

The area of the circle was then calculated and a ratio of the 

actual area. of the figure, under consideration to the area of the circle 

•was obtained. The shapes that were nearly circular would then have, low 

ratios, since the difference between their size and that'of the the circle 
containing them was small'-(Figure 30), while the ratio of the!lng, narrow 

areas, would be large ,(Figure 30b). In order to remove the effect of 

.,size, the"shape index was normalized by'.dividing, it by the total area:of 

the.ut:.{ In this: fashin,, two uiiits -that hada similar, shape butthat were 

diffe"rent in-sizewould have the:.same index..-of .shape. 



Tigure 30- MEASURiNG THE SHAPE OF.AN AREA 



8. Slope : .,The slopejindex was .calculated by taking three cross 

sections- at random across -each of the 42 units,;outIined on topographic 

,maps of Syria with 50,meter contour intervals (Figure 31). 

Figure 31. MEASURE OF SLOPE 

The cross-sections were then measured and the number of contour lines 

that each of them crossed was counted. A ratio of the number of con

tour lines crossed to the length of the grid lines was then calculated and 

assigned for each of the units of study. High index values represented 

areas witha complex local relief, while low index values represented 

areas with little variation. in local relief. 

Regression Analysis, 

:The 4 dependent and 8.independent variables were tested to de

terine.if theywere normally distributed so..that statistical tests of 

http:terine.if


6' significance cduld be applied , o the results.'s.iSince.,the y were not, they were 

' s .,:r eedro u t o h m l i l r e g r e s a t 

atranijformed to common logarithm Th
 

sionanal.yseswhich was the relationship betwe each dependent variable
 

and the -independent variables, added one,.by one, is shown in Table 11.,
 

was
For example, readinIg the first row from left to right it 

found that .12 percent of the total variatiOn in Xi was.statistically explained 

'byX5 , 49 percent of the total -variationwas explained by, X5 and X6 , etc.; 

and finally 90 percent of the total variation was explained by all the 8 inde

pendent variables. The samew.readings can be taken for X 2 , X 3 , and X4 .
 

The second step was, to .test.the significance'of the four final coefficients
 

of multiple determination whichwere found*t0be acceptable at the 0.1 per

cent level of significance. 3 

Table 12 shows the variance ratios:whichwere used +to -deter

mine the significance of the increase in the explained variation that was 

attributed to the' addition of each new variable.. The values that are, marked 

(*.J)are accepable at thec5 percent level, while the. ones that are marked
 

are acceptable at the 1 percent level of 'significance.
 

2Appendix A shows the 4 dependent variables (from Xl:, through 

X4)%and the, 8 independent variables (from X5 through. X12) after the common 

I.'logarithmic transformations were applied to the original data. 

3
The 5 percent level is usually considered significant, while the 

1lpercent level is considered h:ighly significant. When a relationship is said 

to be significant at the 0.1 percent level, the implication is that one time out 

of a thousand a value of R2 this high will be obtained, if no relationship in
 

fact exists.
 



-TABLE 11 

..CUMULATIVE MULTIPLE ,COEFFICIE;NTS'Ul- uw(MINA TION 

Surfac!e.Agri- Manu-
Area Shape Configira.tion&.Iopulation culture facturing 'Transit Railway 

-Xli - XiZ-iX8XoX5 X6 X7 


rimary.49.6 .5. .5.56 .57 .86 .86 .90" .
.--( x 'R.-


i Primary. R , .01. .40 .461- .46 .47 .79 .80 .84 

(X?)
 

.83 .880 Total R. .OZ .35 .37 .38 .40 .83 

(x3)
 

.38 .80 81 .,88.37 .38i Total R : .003 . .34 



TABLE 1Z 

VARIANCE. RATIOS 

Population 
Agri"

culture 
-Manu-

facturing .Transit Railway- Area_ Shape 
Surface

Configuration 

x -x 0 x x 

) Primary -2.5* 5.4*5* 0."0002 0.06 8".9** 0.5 

i'P .imarIy 
(X2) 

IA 4.9* 21* 0 0.9 7.4** 0.6 

0ETotal '0.8 '46*070 . .* .0 

i otl . 45* 140.7 0.7 8.8**- 0.7 

(X) 

*Significant at the 5per-cent--Level.. 

;**,Signicanti at the. 1"pe-rcent lev.el.

0 
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Interpretation of ithe Results 

The first significant result obtained from the analysis is that all 

4 dependent variables .are highly correlated with the.chosenvindependent 

variables. This indicates that there exists a high relationship-between 

both*p'rimary and 'total network structure on the' one hand and the 8 indi

cators on the other. 

Contrary to earlier notions that the i measure may be more 

accurate than-the e measure, the second result shows that both measures 

6 and i are highly correlated wiifh the independent variables. During the 

formulation of the. problem it was felt that the i measure which took into 

consideration some of the effects of the surrounding areas, might be a 

more exact measure than the G index. The results of the analysis do not 

subs.tantiate this notion. This may very well be due to the fact that the 

effects of the. surrounding areas on the structure of the area under study 

are already reflected in the network, and that when the 0 measure was 

computed this effect was picked up by the measure. 

One of the surprising results of the analysis is the fact that the 

correlation between the structure of the network and the distribution of 

population.is quite low, ranging from the highest value of 12 percent to 

a ]ow of 0.003 percent. Investigation of this fact, however, reveals that 

in Syria there is a low degree of mobility among the majority of the 

population and that this low demandfor means. of mobility on the part of 

http:population.is
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large segment of ,the population hasl res~ulte A.n a ekrltosi7ewe 

road n~etwork structure' and population, distribution., This low degree of 

-mobility,is one of the characteristi6s of transportation in developing 

countries, as shown by Wilfred: Owen. in an analysis of-mobility in the 

countries of the world. .Owen's analysis. shows that passenger mobility 

In Syria is among the' lowes6tten countries in'the world. 4 This result, 

however, is contrar to the findings of Peter Gould in Ghana, where popu

.lation is highly correlated with roaddevelopment explaining about 50 

. 

percent Of the variation in road development. 5 

The :empirical verification: of the variation in degree of popula

tion mobility among developing -countries.which is obtained from this 

study conducted in Syria, and-Gould's study conducted in Ghana, are in 

agreement with Owen's findings'in his study of mobility throughout the 

world where he' showed that' Ghana has a higher, passenger mobility, index 

than does Syria , ,indicating that there exists a variationa in the degree of 

mobility among developing countries. 

Agricultural production is:highly correlated with ,road network 

.structure, both.primary and total, reflectedby the significant increase 

in R 2 of the four measures when the agricultural index was introduced 

4 Wilfred Owen,. trategy.for Mobility, The Brookings, Institution, 

(Washington,: 1964), pp. 14-16. 

5er.iy, .Peter R. Gould, Transportation in Ghana, Northwestern uni
",rsity..'Studies in Geography, No. 5 (Evanston,'Illinois), p. 11. 
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"to -the analysis . 'This indicates the strong, relatioinship:between the agricul

tural sector, the mosI, important economic activity.in the country, to the. 

pattern of road network which links the areas of production to.the local, 

national, and international markets. 

The introduction. of the index representing the manufacturing 

activity of the country provides a moderately significant increase in the 

case of the primary network measures, but fails to provide an acceptable 

increase for the total network measures. The moderate relationehip 

between network structure and industry compared to the strong relation

ship between agriculture and network structure confirms the notion that 

Syria's agricultural production is the country's most important economic 

activity. 

In-comparing the correlation of agriculture and industry to road 

structure, one finds that agriculture has a high correlation to both the 

primary and the total road networks, while industry has a moderate 

correlationi with the primary network but very little correlation with the 

total.network. This brings out the difference in transport demands of an 

-agricultural and, an industrial economy. In.an agricultural economy, 

where the-agricultural activity is carried on in a dispersed spatial setting, 

a complex 'road network composed of primary, secondary and tertiary 

connec tions is required in order to efficiently produce and market agri

cultural products. This is,incontra st to the transport' demand of industry 

c 

http:activity.in
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•where spply:and dend are highly concentrated and are; mostly dep'endent 

on secondary
an efficient primary road network, and much less. dependenton 


a.nd tertiary ibad cohnections.---


The.'introduction of the index: representing, the movement of
 

a very small effect on the coefficient

transit goods across the cbuntry has 


of .determination, reflecting the very low correlation-between movement
 

of goods in 'transIt and network structure.• This is mainly. due to the fact
 

that most of the transit goods passing. across. Syria, are transported by
 

rail,and have verylittle relationship to the development of the road
 

reason for the low relationship may be the fact that

network. Another 


not take the pattern of flow of transit goods into consideration
.Syriadid 


inits .recent development plans.
 

a negative
Theindex representing railroad competition provides 

value oft the regression coefficient, which means that the presence of
 

inversely related to road structure,
railways within a certain area. is 


nature of roads and railroads. However, the

portraying the competitive 

inverse relationshipis very weakiand the increase in the value of R2 

not significant.after the introduction- of the railroad competition index is 

This may be due to, a number of reasons: (1) Since the railroad system 

in Syria is very limited in,extent and is fragmented by political boundaries,. 

its importance co mpared to the structure-of the road network may be very 

small;, (2).. the measure,' of,railway.competition which took into account: 
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the presence or absence of rail lines may not have been the best way in 

which toexamine the effect of railroads. 

The introduction of the area index to the analysis brought about 

in all cases. This supports thea significant increase in the value of R 2 

-fact that the' size of a given area has a high relationship to the structure 

of the network that develops within that area. 

The shape index produced a positive value of the pertinent regres

a low indexsion coefficient showing that a circular area, which has 

value, requires a simpler network structure than an elongated area to 

However, once serve its transport demands, other things being equal. 


again the relationship is very weak and the value of R 2 does not increase
 

significantly with the introduction of the index of shape.
 

The index of slope is inversely related to the structure of the 

a simple network whileroad network which means that a rugged area has 

an area that is flat has a relatively more complex network. The increase 

after the introduction of the surface configuration indexin the value of R2 


was significant reflecting the importance of the physical features of an
 

area on the structure of its transport network.
 

This is contrary to the findings of Taaffe, Morrill and Gould
 

when they examined the relationship between road network development
 

". ... the inclusion of difficult

and a hostile, environment and found that 


one's ability to predict
terrain, inthe analysis, does not add greatly to 



Sthe roadmlage in a givenunit once populaton andarea -have been-con 

sidered," However, they concluded that the reporting units used were 

smaller units weretoo largel to portray the effect of slope, andthat if 

used and a refined measure of slope ,was introduced, the results may 

-have been different. 

Summarizing theresults of the relationship of the network 

-'structure to the three major factors of population, economic activity, 

-and physical factors" (Table 13), it is evident that economic activity and 

the physical factors used'are: strongly related to network structure, 

while populationI distribution is weakly related to network structure except 

in the case of X 1 where there is a significant relationship. 

TABLE 13 

GROUPED VALUES OF THE COE'FFICIENT OF 
DETERMINATION 

Population Economic Activity" Physical Base 

X, 0.1z* 0.45** 0.33**
 

X 0.05. 0.4Z** 0,37**
 

0.02 0. 3** 0.48**X 


0.02, 0.36** O5*
 

. *Acceptable at the5 percent level of significance.
 
.
**Acceptable at the 1 percent level of significance 

6 Edward J. Taaffe, Richard L. Morril, and Peter R. Gould," ''Trans

port Expansion in Underdeveloped Countries: A Comparative Analysis'', 

The Geographical Review, Vol. LIII, No. 4, 1963, p. 519. 
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Analis of the Residuals fro0m, Regression 

The expected values for each, of the dependent variables are cal

culated 'With the use of the estimating equation and then compared 'to 

the actual values of, each entry. The difference between the two repre

sent the. residuails from regression. In'the-cases where the expected 

values are less than*the actual ones, the residuals are negative, while 

in the cases wherethey are larger than the actual the values of the 

,,residuals are positive. The residuals are then broken down into five 

groups, using the standard error of the estimate7 as a criterion of 

classification and plotted on maps (Figures 32, 33, 34 and 35). 

As the correlation between the dependent and the independent-

Variables is high, ranging between 84 percent and 90 percent, it would be 

appropriate to -say that most of the important variables that are related 

to the, structure of the road network in Syria have been identified and 

incorporated into the, study. Based on this assumption, the places that 

have low negative residual values can be identified as-those areas where 

there ,is a lag in the development of the road network structure, while 

the, areas that have high positive residuals are those where there is :a 

lead inth6 development of the road network. In this, anal sis more atten

tion is given to the areas where a lag exists than to the areas*where 'a., 

.7 
The standard error of the estimate indicates that one may. expect the 

estimate value to be within one standard error of the actual value 68: per
percent of the time, within two standard errors: 95 percent of the 'time, and 
three standard errors 99 percent of the time. 
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aeaa' hrovements in."thelead::':'exists since t l t 

structure of thenetwork ought to, be undertaken to rmeet"the transport 

demands of the country.. 

multiple regressionanalysis reveals that the results for the 

oand i'are very similar (but not identical) to one another o that they 
-The 

c..d. d....:are,. "'- : mpe one suptlem sthng 

may be looked.upon as simply complementing or supplementing each

other. Under this assumption, the areas of low negative residuals from 

Figures 32'and 33 are grouped together and plotted.on a new map 

(Figure -36), which points up those parts of Syria :that have a primary 

network structure of a.lesser than expected rnagnitude,"based on the 

underlying assumptions of this study. 

It is clear that certain import districts are included in this group 

.such asithe, Al-Latiqviya area which contains the main port in Syria. 

Other areas in,this group are Aleppo,.Hama, and Homs, regions -which 

are among the country's most densely populated areas and most produc-

Still other areas are .the newly developed agritive.,agricultural regions. 
cultural areas of the northeast, 

!Figures-34 'and35,represent,the residuals-from regression for
 

,.the whole road network. Figure.37'represents :the areas frormrvboth of 

the aboVe 'mentionedmaps that have Iow .negatiVe residual valIueb fo r the 

total network,.and that may be considered as,.having less than expected 

indices: based 'onlthe already discu's sed,underlying a,ssumptions.
'.structural. 
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Most of the areas that appeared in Figure 36 are also included' in'Figure 

37., :This points tothe fact that most of the same areas have both a lag 

in the structural development of their primary road and total road net

works. However, certain places that are included in Figure 37 do not 

appear in Figure 36, indicating that while no lag in the development of 

their primary network exists, there is a deficiency in the structural 

development of their secondary and tertiary connections. 

Results of this section of the study indicate that, based on the 

underlying assumptions that are hypothesized, tested and validated, the 

areas shown inFigures 36 and 37 represent the places where the struc

ture of the road network isless than expected. This suggests that in 

order to enable the network to meet its demands, improvements in the 

structure of the road networks inthese areas should be undertaken.
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,CHAPTER VIII,.
 

CONNECTIVITY OF THE TRANSPORT NETWORK. OF 'SYRIAi
 

Analysis of the "connectivity of the transport network of.;Syria 

.and changes. in'the accessibility of urban places through timeis 

conducted. in two parts: 

1) Connectivity of the railroad network. 

2)- Connectivity of the road network. 

Connectivity of the Railroad Network 

As it has been pointed out previously, the railway network in 

Syria: developed along'.airegional ' basis prior to World War I, without 

any political boundaries to limit or block its growth. After the war the 

region under discussion waspartitioned and the presenti day -state of 

Syria was created., Analysis of the connectivity of the railway network 

is applied to the system as it originally developed, and the original 

important rail centers are-identified. The Second phaseof the analysis 

examine s the'condition of the network after, the introduction of political 

boundaries to the area - and the ;effects of, this!fragmentation on the 

individual centers. The., third.step analyzes the connectivity. of the 

railway network of 197 o,:.including the, lines planned and under construction. 



The first step in the analysis was to construct a matrix of 

connectivity representing the railway network during its maximum 

.extent (Table 14). 1 

TABLE 14 

MATRIX OF CONNECTIVITY FOR THE EARLY STAGE 

OF THE RAILROAD NETWORK 

J, 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 

13 
4 1 1 
3. 1 11 
4 1 1 
5 1 1 

6 1 
7 1 
8 1l 
9 1 1 1 

11 1 11 
12 1 

13 1 1 
1 11-14

15 1 

- 17 .1 

the next table.* Theexamined ceiters are identified in 

1,,This was done according to the discussion in the second 

* section of the part which outlined the uses of graph theory measures, 

in geographic research. 



This matrix of conne.ctivity was then solved and percentage 

values for the relative connectivity of the major urban centers was 

The values were divided into quintiles andobtained (Table .15). 

plotted on a map (Figure 38).. Analysis of this map showed that Horns, 

,Damascus, and Riyak had.the highest indices of connectivity making 

them the most accessible urban centers to the network as a-whole. These 

Were followed by Dar'a, the main rail center in-the south, and Hama and 
The rest of the connec-Aleppo, the important rail centers of the north. 

tions on the periphery of -the network had low indices of connectivity 

indicating their relative isolation,from the overall network. 

TABLE 15 

CONNECTIVITY VALUES OF THE MAJOR REGIONAL RAIL CENTERS 

Percent of total connectivityCity 

1. Islahiyeh 2.08 
4.78Z. Midan Ikbis 

3. Aleppo 8.27 
4. Choban Bey 5.36 

5. Nusaybin 3.25 
2.016'. Al-Kamishli 
0.907. Tell Kotchek 

8. Hama 8.31 
9. Homs 11.22 

10. Tripoli 4.52 
11. Riyak 10.4 

l2. Beirut 5.21 

13.. Damascus 10.33 
8.4014. Dar'a 

15. Haifa't , 5.11 
16. Mafrak 5.11 

5.1:17. Bosra 
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The' international- boundaries that camne, into beingafter, 

World War I dissected the network leaving Syria with small sections, 

or in graph theory terms sub-graphs, ofthe whole network,. :The. 

matrix of connectivity for the present day rail network in Syria was 

constructed .(Table 16) and the percentage connectivity value of each 

individual center to the total network was obtained (Table 17) and 

plotted ona map (Figure 39). 

TABLE 16 

CONNECTIVITY MATRIX OF THE PRESENT DAY RAILROAD NETWORK 

1 Z 3. 4 5 6 7 8 9- 10 11 

31 
4 1 
5 1 

7 1
 
8
 

19 1
 

111 1 
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,TABLE 17 

CONNECTIITY VALUES OF THE MAJOR RAIL CENTERS 

(1963) 

kail Center Percent of total connectivity 

1. Midan Ikbis 16.94 
2. Aleppo 23.95 
3. Choban Bey 16.94 
4. Nusaybin 1.36 
5. Al-Kamishli 1.36 
6. Tell Kotchek 1.36 
7. Hama 23.95 
8. Homs 9.92 
9. Damascus 1.36 

10. Darla 1.36 
11. Bosra 1.36 

Examination of this table revealed that Aleppo and Hama 

became the best connected centers on the rail network, followed by 

Midan Ikbis and Choban Bey, then Horns and then the rest of the centers, 

mostly isolated from the main system. These results were in accordance 

with the hypothesis that the present day rail network of Syria was badly 

fragmented and that its efficiency decreased in comparison to the early 

days of its development. It also revealed that individual centers that were 

well. connected during the time when the network developed on a regional 

basis decreased in importance after the fragmentation of the country. 
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CONNECTIVITY OF THE RAILWAY NETWORK (1963) 
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The connectivity of the rail network should increase 

significantly once the. Al-Latiquiya-Al-Kamishli iine, which is now 

being built, is completed and when the proposed connection linking Horns 

and Damascus is constructed. Table 18 shows the connectivity matrix 

of thenetwork when these two connections are completed, and Table 19 

shows the connectivity values for the major rail centers in Syria. The 

connectivity indices are divided into quintiles and plotted cartographically 

(Figure 40). The results show that by 1970 Aleppo will have become the 

highest connected rail center in Syria, lying between the important 

agricultural area of the northeast, the port of Al-Latiquiya, and the large 

urban centers to the south. At that time Rakkah, the second highest 

on the connectivity scale, may very well become the regional center 

0f the agricultural northeast, due to its favorable location between the 

smail but important centers of Deir-ez-Zor and Al-Hasakeh on one hand 

and Aleppo on the other. 

The port of Al-Latiquiya, now without any rail connections, 

will have a relatively high connectivity value on the projected rail network. 

This will increase its accessibility to the rest of the country, both to the 

east and to the south and will put it in. a much better position to serve 

the shipping movement of the country. Thiswill also give it a strong 

locational advantage over the port of Tartous, which is being renovated 

and enlarged, as this new port will not have a rail line, linking itto the 

rest of the country. 



TABLE 18 

'CONNECTIVITY 'MATRIX .OF THE COMPLETED RAILWAY NETWORK' 
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4 1. 

6 ki 1aONCTVT1. 1VLUS 1F 1H,:'JOA, ETR 
; 2"-le 1o 1 101 1 

7 hbn e 14 
 01
:8:i5,
 1uabi 1 .
 

12. 
 1ak 15
 

13 Daacs1;
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 .i!4 :
10. I keh 1a
1.1; 

15 .. 25 3:RalCeter Perento-10.9
4. Choban Bey Io-.12
5. Nusaybin 1. 746Al-Kamishli 2.61,
7., Tell Kotchek 17
8. A1-Hasakeh 5.6,

9.Deir-ez-Zor 5. 1.4,'
10. Rakkah 13.54
11. Hama 13.23
12. Home 4.73:
13. Damascus 4.06
14. Darla 1.48; 
15. Bosra 0.95; 
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CONNECTIVITY OF THE RAIIWMAY NETWORK (1970) 
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The connectivity Of the railway centers in, the south remains 

'qutelow, and e specially that of Damascus the important urban and 

economic center of the area. This isin contrast with the position of 

Aleppo, the chief rival of Damascus whose position relative to the, 

very advantageous in its accessibility todeveloping rail network is 

Al-Latiquiya, the country s main port, and to the important agricultural 

region of the northeast, where the country's 'largest portion of export 

commodities comes from. 

Connectivity .of the Road Network 

In this section, changes in-the connectivity of the road-network 

in Syria and in the relative importance of the connections of urban places 

through time will be analyzed. This will ,be doneby first examining 

the network as it existed in the early 19Z0's, the first decade of modern 

transport in the country, and then by analyzing the present daynetwork 

and comparing the changes- that have taken place. 

In 1920 the beginning of the modern road: network in Syria 

began to evolve. The network that existed at the time had not been 

'designed for:motor us'e,' but was a combination of :improved caravan 

and wagon-' routes., The condition of the individual roads did not- iffer 

much from .one. another, so that in this phase of the, analysis all connec

.tions were assignedequal weights. 



The matrix of connectivity for the:'road network that 

&existed.in1920 was-,constructed . The percentage value of the 48 

:.individual: centers under consideration was then obtained (Table 20),
 

dividedintoquintiles, and plotted cartographically (Figure 41).
 

Examination of this map, showed that high connectivity values were
 

obtained'for the major urban centers of Damascus, Homs, Hama and 

Aleppo, and for the intermediate points of Jisr-esh-Shaghour, Idlib,
 

and Maarrat-en-Nouman. It also showed the importance of Palmyra,
 

Deir-ez-Zor and Rakkah, the 
eastern centers located on the important 

routes joining Syria and Turkey to places further east such as Iraq, 

Iran, and then India. 

Other results showed the high connectivity of the southern 

centers where early economic growth, especially in the field of agricul

ture, took place. Most of the northern and northeastern centers, where 

.very little development had taken place, had low connectivity values 

as. did the port cities of Jableh and Tartous, while the port of Al-Latiquiya 

showed a moderate degree of connectivity. 

Between 1920 and 1963 the road network of Syria developed on 

a national rather than regional basis. The connections that were 

.,considered important were widened and improved, so that by 1963 the 

network was.-omposed of primary secondary and tertiary connections. 

-Inthis phase of the analysis weighting of roads was undertaken so that 
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TABLE 20 	 131 

ROAD;CONNECTIV.ITY VALUES" OF THE -MAJO CENTERS 
(1920) 

Urban Center-, 	 Percent of -total connectivity 

1 An Deiwar 0.006
 
2.%Karatchok 0.001
 
3. Tell Kotchek 	 0.006 . , 
4. Dmir Kabou 	 0.028 
5. Al-Kamishli 	 0.1127 
6. 	 A-Hasakeh 0.562
 

'0.201.%
7. Ras-el-Ain 
8. Abou Kamal 	 0.517 
9. Deir-ez-Zor 2.306 

:10. Rakkah 4.083 
11. Tell Abyad 	 0.018 
12. Ain-el-Arab 	 0i078 

13. Manbij 	 0,331 
14. Jarablus 	 0.313 
15. Al-Bab 	 1.392 
16. Aleppo 	 5.564 

17. Izaz 	 1,318
18. Ifrin 	 0.312 
19. Ra.ou 	 0.070 
20.. Harem 1.248
 
2 1.- Idlib 5.809
 
22. Jisr-esh-Shaghour .5.023 

23. Maarrat-en-Nouman 	 5.809
 
24. Al-Latiquiya 1.266
 
'25.,.Al-Haffeh 0.285,
 
26. Jableh 	 0.332
 
27. Banias 0.210
 
28'. Kadmus 0552
 
29. Misyaf 	 2.25'3'
 
30. Hama 	 9:458:
 
31. Salamiya 	 6.720 
,32.. Horns 7.367 

33., Safita 0.011' 
34. Tartous 	 0-049 
35. Tell Kalakh 	 1.650 



132 

TABLE, Z0 'Ocontinued 

Percent of total connectivityurban Center 

9. 15836.-Palmyra 
5.32237. Douma 

:38. Damascus 7.095 
39. ,Zabadani 1.609 

1.60940. Sab Biar 
2.101
41. Shahba 

2.204
4z. As-Suweida 
0.12543. Salkhad 

44. Bosra 0.547 
0.12545. Dar'a 
1.609
46. Feek 

1.60947. Oneitra 
1.60948. Sheikh Miskin 



CONNECTIVITY OF THEROAD NETWORK (1920). 
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prmar : connection whi~chiwas iZIre imp rtant than a;-secondary. 

)r te'rtiary one, 'also had a higher 	index.. The value assigned was 

I given to a primary connection,lone arbitrarily with an index 6f 3

Lvaltie of Zgiven to..a secondary connecti on, and a value of 1 given to 

I. tertiary connection. ,Again, the percentage values for tlach'of the 

irban-, places was obtained: (Table 2 1). These values were then divided 

Linto quintiles and plotted ona rmap (Figure 42). 

The first,re sult obtained from the analysis was the large 

increasein the total connectivity of the network from 1920 to 1963. The' 

second result was',the fact that the connectivity of.a number of urban 

increased between 1920 and 1965 while connectivity index ofcenters 

certain other centers:decreased in relative, importance. This change 

where the left half of the,-circle,showed the,was Ishown'in Figure 43, 

relative weight of the center in 1920:i and:.the right'half, showed the 

One of the significantvalueof the relativeweight qf the center in 1963. 


results ini the analysiswas the decrease in the connectivity in a large
 

number of :the urban centers :in the southern-part of the country,
 

especially inthe case of Damascus which,went down from the first: 

However, this was in accordance with.theto the second"quintiles. 

from the ;coastalhypothesis that the' separation of the se center s 

towns by,the introduction of- international boundpLrie s to the region 

area. Anotherdisrupted.'the development of the -roadnetwork :in this 



Z1TABLE 2 -

URBAN CENTERS"ROAD CONNECTIVITY ,VALUES OF THE MAJOR 

Ubrban Center Percent of total connectivity 

i. Ain Deiwar 0.021 
2; Karatchok 0.036 
3. Tell Kotchek 0.133 
4. Dmir Kabou 0.139 

0.3235. Al-Kamishli 
6. Al-Hasakeh 0.657 
7. Ras-el-Ain 0.319 
8. Abou Kamal 0.310 
9. Deir-ez-Zor ,0.874 

10. Rakkah 1.514 
11. Tell Abyad 0.644 
12. Ain-el-Arab 0.311 
13. Manbij 0.603 
14. Jarablus 1.719 
15. Al-Bab 0.886 
16. Aleppo 5.783. 
17. Izaz 0.208 
18. Ifrin 3.180
 
19. Rajou 0.075 
20. Harem 1.327 
21. Idlib 2.696 
22. Jisr-esh-Shaghour 4.732 
23. Maarrat-en-Nouman 3.606 
24. Al-Latiquiya 2.570 
25.' A1-Haffeh 2.020 
26. Jableh 1.963 
27. Banias 3.731, 
Z8. Kadmous 3.068 
2:9. Misyaf 5.5z9 

:30. Hama 5.999 
31. Salamiya 2.368 
32. Horns 8.651 
33. Safita 4.970 
34. Tartous 7.304 
35. Tell Kalakh 5.542 
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TABLE 2-co tinued 

Urban Center Percent of total connectivity 

36. Paimyra 1.662 
37. Douma 2.372 
38. Damascus 3.321 
39. Zabadani 0.818 
40. Sab Biar 0.464
 
41. Shahba 1.246 
42. As-Suweida 1.583 
43. Salkhad 0.650 
44. Bosra 0.826 
45. Dar'a 1.013 
46. Feek 0.144
 

47. Qneitra 1.891 
48. Sheikh Miskin Z.023 
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result showed the increase in the connectivity, of-the,port cities ofSyria, 

namely Al-Latiquiy'a, ableh, Banias and Tartous, with Tartou, having 

the highest degree of connectivity among the ports, even though 

Al-Latiquiya was the country's main port. Two significant facts were 

obtained from this information: 1) that.Al-Latiquiya, which had become 

a busy port since its completion in 1960, handling over one million tons 

per year, was not as well connected to the areas that it; served as it 

:ought to have been; 2) the port of Tartous, in the.process of being 

modernized and expanded, was well connected to the network and would 

thus be in a relatively good position to serve the economy of the 

country, and to provide the port,of Al-Latiquiya with competition for 

handling the country's foreign trade. 

Another result which was obtained from the analysis was that 

the connectivity ofthe eastern centers of Deir-ez-Zor, Rakkah, Abou 

Kamal, and.Palmyra decreased in 'the past 40 years. This was due 

,to the fact' that their early role as.mid-points on transport-lines 

linking the Mediterranean Sea to the regions-further east', such as 

Iraq and Iran, was curbed and that they had.become peripheral centers." 

on a road notwork that developed on a national basis within the last
 

two decades. The northeastern region as a whole was poorly connected 

to the rest of the'country. This was a newly developed, agricultural 

area where a,large amount of the country's food supply as well as 



nost O'fits wheat and cotton: fo' export came'fromi. Threfore, 

centers where the agricultural products were
the regional urban 

should become better connected to thegathered and then exported ed ... men
rn
ma..n 

areas of;dead-and to theport of. export .sothat sped f-m 

and decrease in transport costcould occur. 
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CHAPTER IX 

SUMMARY AND. CONCLUSIONS 

The stdy has examinedth'.sfructure of the transport network in 

Syria, with special emphasis on significant. differences in the develop

ment of this network .from place to place. The relationships between' road 

network structure (both primary network and total network) and theeight 

factors which.affect transport.demands were examined, and described. 

Graph theory indices were'used to: calculate the complexity of the road 

network which was then related to the indicators representing population 

distribution, agricultural production, industrial production, transit move

ment, railway competition, area, shape and slope of the, forty-two enu

meration units, using muttiple regression. 

In the case. of Syria, it.was' found that there existed a high degree 

of correlation between the complexity of the road network.,and agricultural 

production, size, and slope of the areas under consideration. This reflected 

the importance of agriculture. to the economy of Syria and demonstrated 

the, significance of area and slope to the development of the road transport 

within thlat country. A weak relationship between, road network develop

ment and population distribution was obtained,.pointingup the low degree 

-of mobility,among the population of:Syria,: which is also shared by many 

of the developing countries.. The relationship between the primary road'. 

network structure and industry.,was found to be moderate, while the. 



totalnetork and& Two 

facts may be derived from these results: i)thatthe mai'ufaWctUring 

sector played a minor, role in the economy of Syria compared to agricul

ture; 3) that the transport demands of manufacturing played,a stronger 

role in the development of primary connections that they did in the 

relationship wbeteenothe industry was weak. 

development of secondary or tertiary connections. The three remaining 

factors that were considered, namely transit movement, railway compe

tition and shape of the enumeration units had very weak relationships 

with the structure of the road network in Syria. 

Residuals from regression, which represented the difference 

between the actual value of the road network structure and the expected 

value obtained from the estimating equation of the multiple regression 

were cartographically plotted and analyzed. It was observed that 

certain places such as Al-Bab, As-Suweida and Izaz had higher network 

complexity indices than would be expected, while other places such as 

Al-Kamishli, Deir-ez-Zor and Ifrin had less than expected values of 

network complexity. Since a number of the regions where an increase 

in production and population is taking place were among the areas that 

hadlessI than expected values, such as the Al-Kamishli area, these 

maybe considered as the places where future development ought to 

take place in order to improve the country's mobility. 



Analysis of the changes iithe connectivity of.the.road and 

r evealed that within the last two decaides- a,railroad networks of Syria 

large increase in the. connectivity-of the road network took place, While 

the connectivity of the rail network decreasedduring the same period. 

This decrease was due to the fragmentation of-the rail..network by the 

superimposition of political boundaries on: this 'network after the First 

World War.: : 

Due to the .realignment of the road network after the partitioning 

of'the area,.there was a change. in the relative connectivity of the major 

Urban. centerswithin the last:forty years, with some showing an in

"crease while others showed a.decrease. This realignment is still,in 

process andits effects Will be felt more and more as time goes on. 

Some of.the centers that decreased in relative connectivity were. those 

located;in the, eastern section of the-country, namely Rakkah, Deir-ez-

Zor and Abou Kamal, ,which had grown in importance when -they were 

,-focal points on. the regional network.which connected the eastern 

Mediterranean to Iran andIraq., With the severing effect of the inter

nationalboundaries thesecenters :have become peripheral on a network 

which is growing to'serve the -national transport demands of Syria. 

onesOther centers',which decreased in relative connectivity were the 

located in the southern part of the .country, the; most importantof 

which was the: capital city of Damascus. 'The connectivity of a number 



of urban:.centers, especially those that were; iocated in the westein section 

of,the country, increased in recent'years since these centers have become 

the focal points of the.network with the development of :the port.facilities 

of the coastal cities., This isespecially true in, the case of Al'-Latiquiya 

which has been developed to handle the bulk of the foreign trade of the 

country, and Tartous where the port facilities are being expanded to accorn

modate a large volume of the shipping movement. 

Analysis of the connectivity of the railway network revealed that 

in addition to the decrease in the overall connectivity of the network, due 

to thesevering effects of the international boundaries, changes in the 

relative connectivity of the rail centers had taken place. In the early 

stages of the network growth, Damascus, Riyak and Horns had the highest 

degree:of connectivity; but on the present day network, Aleppo and Hama 

were found to be the best connected rail centers in the country. Once the 

lines that are planned and that are under construction have been completed, 

further,' changes in the pattern of connectivity of the railway network will 

occur, resulting in the emergence of new and well connected rail centers. 

An example of such a center is Rakkah, located in the agricultural region 

of the northeast. 

This newly evolving pattern of accessibility, via the road andthe 

rail networks ofthe country, is bound to affect the relative growth of the 

major urban centers providing an advantage to the ones that are strongly
 



linked to, the rest of the country and -a diavnaet thosecenterstat 

are poorly linked or have become -Poorly linked due to major realignments, 

that have taken place. 

certain parts of theanalysis come to mindSomelimitations in 

case of most developing
now that this study is completed. As in the 

lack of important data that, if obtainable,-wouldhavecountries, there is a 

,hemost important of these limitations is the
been used where needed. 

lack of reliable inter regional and intra-regional freight rates for the 

If this information had been available,
major 'commodities-of the country. 

analysis. of the connectivity of major urban centers would have been under

taken using a measure reflecting the variation in freight rates, and the 

on physicalresultscompared to those which are already obtained, based 

In this-fashion variations between, physical accessibility and
connections. 

economic accessibility would have been identified. 

that certainAnother .limitation brought about by the lack of data is 

-. , the measures used in the multiple regression analysis. could have been 

improved upon if adequate dataw'ere available. These are: manufacturing 

production index and railway competition index. The manufacturing 

of manufacturing plantsproduction index was based up'on the floor area 


rather than on the actual tonnage of goods produced.' Even though ,it-is
 

correct to assume that there is a relationship betweenplant size and'
 

amount of production,. it would have been better to, Use output figures if
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,,they had been available as this wouldhave provided the exact amoUnt of. 

goods actually transre ompetitionindex was basedon the 

presence or absence of rail facilities, within any given area insteadof the 

existing amount of goodsmoved ' byrail in each uiit of study. Sinc'e some 

lines handle more traffic ,than others do, the aictual freight moved would 

have provided a better measure ,than the one Used, inthe study. However. 

it is felt that since most of the variation that existed in the structure of 

the network was explained by the variables that were used in the study, 

.the limitations resulting from lack of certain data were not unsurmountable 

ones.
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APPENDIX. ,' 

.SYRIAN-TRADE 

.Damas'cus-and Aleppo haye alwa'ys'been important commercial, 

€center : where merchants conducted their international trade., Even 

though the amount and-value of Syria's exports have- increased during 

',recent years, imports. still outstrip exports. Table 23 shows that the 

trade deficit of 1962 was 245,122,000-S.P., most of it incurred by the 

imbalance. ofSyria's trade :with the United-Kingdom, the United States, 

and West Germany. Th.ese three: ,ontribute 225,620,000 S.P. to the defi

:cit, most of which is the result of purchasing manufactured goods, espe

cially.heavy machinery. Syria's favorable'balance of trade came from 
its dealings with Lebanon, Bulgaria, italy, Saudi arabia, and Portugal, 

therecipientsof a-large,,segment of Syria's agricultural products. 

TABLE 23 

SYRIA'S BALANCE OF TRADE 

Excess of 

Country " 
Value of 
I mports 

Value of-
'Ex'ports 

Exports Over 
Imports 

United Kingdom 86,150 15,039 - 71,111 
Switzerland 16,198 23,772- 1,426 
Belgium 28,177 "12,689 - 15,488 
Poland 20,542 17,899 - 2,643 
Egypt :3,218 5,259 2,041 
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China 13,326 Z15712,385, 
Lebanon 30,951 92624 61,673 
France 64,728 561795 -7,933 
Czechoslovakia 24,484 21,295 - 3,189 
Jordan 10,028 21,984 11,956 
Portugal 2,553 19,250 16,697 

Italy 43,957 69,034 25,077 
U.S.S.R. 13,704 19,001 5,297 
Netherlands 25,788 21,801 - 3,987 
Saudi Arabia 1,914 18,361 16,447 
United States 106,314 8,007 - 98,307 
German Federal 

Republic 97,556 41,345 - 56,211 
Rumania 19,571 27,471 7,900 
India 9,939 4,082 - 5,857 
Spain 11,808 383 - 11,425 
Bulgaria 5,997 36,545 30,548 
Hong Kong 1,489 3,931 2,442 
Iraq 49,520 21,640 - 27,880 
Japan 24,879 2,235 - 22,644 
Kuwait 880 7,259 6,379 
Hungary 5,319 3,193 - 2,126 
Denmark 6,674 20,491 13,817 
Malta 6 3,122 3,116 
..Iran 3,124 544 - 2;580 
East Germany 7,750 3,689 - 4,061 
Yugoslavia 11,505 2,658 - 8,847 
Aden 208 1,366 1,158 
Other countries 114,016 18,631 - 95,385 

-Total 862,280 617,158 -245,122 

*.In' Syrian Pounds. 

.Source: Summary. of Foreign-Trade, Ministry of.Planning, Directorate 
o:Of Statistics (1962), p. 139. 
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:'APPENDIX Bf. 

2ECONOMIC DEVELOPMENT PLANNI ING IN SYRIA. 

Although(.a'number -of development!plans-were drawn, during the 

1950's, the Five (Year Plan introduced in 1960 may be considered .the pri

mary step toward development planning. The investment,program-was 

set at 2,7Z0 million S.P., 1,000 million S.P., from the private-sector and 

1,725 million S.P. ,from the public sector (Table 24). This meant that 

about one-,third would be invested by the private sector and two-thirds 

by the:public sector. 

The two columns on the right show the amount of investment that 

took place during the first year, both for the public and the private 

sectors , It shows that both sectors invested about 17 percent of the total 

funds during the first year. 

An examination of the Five Year Plan reveals that irrigation 

and .land reclamationare the largest-over all recipients, 30 percent of 

the total budget,. This is followed by thetIndustry and Transport sectors 

which were each assigned:about 20 percent of the total budget. 



-- 

-- 

-- 

-- 

-- 
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TABLE 24 

PLANNED INVESTMENT DURING THE PERIOD 1960-1965 

Sector 

Irrigation and Land Reclamation 
Agriculture 
Industry, Electricity, Mines, Oil 
Transport and Communications 
Housing 
Education 
Health 
Public Utilities and Tourism 
Social Affairs 
Recreation 
Laboratories, Training, Research 
Change in Inventories 
Miscellaneous 

Total 

Source: Ministry of Planning. 

Public 

780 

95 


240 

387 


15 
100 

46 

32 

18 

7 

1,720 


Private 

50 

175 

269 

150 

245 


10 


11 

90 


1,000 


Total 

830 

270 

509 

537 

260 

100 

56 

32 

18 


11 
7 

90 


2,720 

Percent 


30.5 

9.9 

18.7 
19.7 
3.7 

3.7 

2.1 
1.2 
0.7 


0.4 
0.3 

3.3 


100.0 


Total Investment During 

the First Year of the. Plan 
Public Private 

66 10 
23 30 
55.5 30 
67 20 
10 55 
17 

9.4 2. 
31.5 

9.3
 

.. -

-- -

-- 15 
5.2 8 

293.9 170 

'I
ulO
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APPENDIX C 

,]ROAD MAINTENANCE EQUIPMENT 1952. AND 196Z 

Type 1921962 

73 157Truck and citern 
Pick-up truck 171, 17 

-44Jeep 
5 .50Tractor 
- 58-Scraper 


Leveling machine 7 57 
Heavy roller -. 

Gasoline roller 36' 43 
3 97Fuel oil roller 

Steam roller -45: 5 
Tire pump 9-9 

17Mechanical hammer --

Air compressor :1 48 
Water pump -- 34 

Rock breaker 12 14 
Grader 
Welding machine '--13 

68Asphalt miner 
151Asphalt boiler !43 

3Sand spreading machine. --

Source: Ministry of Public Works, 'Syrian Arab Republic. 



APPENDIX D 

THE VARIABLES. 

9 Primary i Primary O Total i Total 
Popu-
lation 

Agri-
culture 

Manu-
facturing 

Rail-' 
Transit- way Area'Shape Slope 

Qada ". lX2 X3 X4 X5 X6 X 7 X8 X9 Xl0 X1i. XlZ 

1. Damascus 0.57- 0.45 -0.13 0.05 5.78 4.64 4.54 1 _1 2.52 1.89 1.26 

-2 iDoun 1.00 0;91 0.48 0.55 5.08 4.79 2.68 1 0' 3.63 0.33 1,68 

. Zaadani _0.47 0.46 0.22 0.20 4.51 3.97 2.38" 1 1 -2.39 0.18 0.75 

4 Katana. .0.73 0.61 0.29 0.21 4.82 4.36 2.94 1 1 .2.70 -0.08 0.30 

5. Al-Kteifeh... 0.73 0.69 0.27 0.28 4.57 4.26 0.00 1 0 2.72 0.60 0.55 

6. Al-Qneitra 0.83 0.67 0.51 0.31 4.97 4.55 2.86 0 .0 2.72 0.14 0. 16 

7. An.Nabak 0.89 0.73 0.45 0.39 4.82 4.67 2.49 1 0 2.85 0.26 0.54 

8."Hors 1.49 1.04 1.15 0.66 5.59 5.41 4.10 1 1: 4.25 f.84 1.50 

9. Tall Kalakh-: 0.63 0.57 0.18 0.15 4.97 4.78 0.00 1 1 2.43 0.09 0.64 

10. Mama 1.14 0.74 0.52 0.59 5.34 5.23 4.51 1 1 2.97 1.92 1.93 
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