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CHAPTER I = -

INTRODUCTION .

Thislstudyiexammes and tests a" number of”'basac hypothes‘es

or’ spatral‘;' structure

:;regarding the elatlo sh1p b'etween the geographrc.
h“;of a. transportatmn network and other bas1c d1str1butions of phenomena.
.f‘:\b;vhich reflect the'.dernands for\transportatron fac111t1es. These ideas | '
are .e;xammed w1thin the reg1ona1 settmg of Syr:.a, a country carved out
' from the age -old Turk1sh Emp1re after the First World War by some-
-w_hat arbrtrary internat‘xonal“boun.danes, which disrupted old functional
:or].ijiddal..p'atterns and the well-developed flows of commodities and

people associated with them.

Hypothe ses. and'Verifications

i , A‘ 6ne of ‘the ba'.si’c ihypotheses presented in this‘st’udy is based on
thenot:ton tha‘t the structure of the_"vroad network w1th1n any gwenregion
1s related to populationa'di"stri'.bution ,-agricultu ral _pradﬁ‘c’tiaﬁ, rmanuflac.-'

;turing, translt movement, ra1lway compet1t10n, and s:.ze ) shape a.nd

;_slope f'«the area. under con31derat1on In the case of: Syna the above'?f

imentroned factors, taken together, account for a hrgh percentage of

-th vanation m;the network structure. The degree of relat1onsh1p of

éﬂ.!es.@ factors :..t9°~the"':se@‘s!eph.mfaBfémcvtu're"f of the:nstwork is identified.



in duantltet1ue terrrls. o
In Venfy.mgthe above‘hyvrpothesrs measures of the degree of

complexlty of the primary road network structure and the total network
etructure are der1ved from gra.ph theory, eud usmg mu1t1p1e regressmn,
they va,re rela.ted to the spat1a1 va.na.tions ‘of the factors which either
ge_uerate-demand fo‘r‘tr‘ansport- facilities or inhibit their growth,

| | The results showvthat the structure of the road network is
correlated w1th the e1ght factors as hypothesized although there is
"';grea.t va.r:.atmn in the s1gmf:.cance of the fa.ctors. It is found that the
‘re],ationehip between roa.d network structure and population distribution
'13 wea.k reﬂectmg the low mob111ty of the population in Syria--one of
'the geﬁeral charactenstzcs of most. developmg countries. Agriculture
le*hi‘ghly,.rel’ated«to‘ ;ne”twork structure, as might be expected, because
é‘of the 1mporta.nce of this sector of the economy to road transportation
An Syna. Manufacturmg is-only modera.tely related to the road network,
ire‘fle'c_trng? thefr_eletlvely low position that ,th1s activity plays in the

i‘eooxiomyl Tr"e;ﬁs"itf'mo:v:e’ment across the country and railway competition

'.{Ia.re weakly related? to roa.d structure. However the competitive nature

‘jof ra.il tra.nsport a,nd road transport is reflected by the negative value

‘of. ‘the"regre'ssion v‘Coe‘ffi'cient. The": inde‘x of area is strongly related to

-'road development wh1le the index of shape R represented by the degree

fof /cxrculanty of a.n a.rea, is wea.kly related to- roa.d network development.



‘ﬁoWevat, t'ﬁe‘rela.t'idnship' between shape and road network turn out

to be direct, showing that a relatively circular area which has a low
index reduires a.l simpler network structure than an elongated area,
wh:.ch ha‘é"a-high index. The final factor, surface configuration, is
very h'-ighly-rela.‘te'd to road network strﬁcture inran inverse fashion,
siénifyiﬁg that rugged ‘a.reas 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 é,t least eight factors, certain
more specific hypotheses concerning the relationship are made and
supported, First, not only is agriculture more Qf 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 of 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 a."gricultura.l 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
ro'é,dflnetwp-rk, and much le ss dependent on secondary and tertiary road

connections, It is expected that this geographic variation in transport



demands is reflected in the structure of the network as it varies

m shape andextentfrom one part of ,the ~co1intr}‘t» to ~another. In order
to Qenfy th1s hypothesm separate measures: of pr1mary road network
and total road network were obtamed and related first to agr1cu1tura1
pro_duoti'on and t,h‘;en»_ to indn"st’_ri’alaprodnc':tiOn. The Te sults substantiated
thehypothes1ss1nce a h’i_'gh.corr‘elati‘on’betWeen road network structure R
bothpnmary (a'n_d total, and agricultural production was obtained, while
the introdﬁc\:tionof«' the index reprelsenting the manufacturing activity
prov1ded a -m’o}deratelf significant increase in the case of the primary
network measure, and failed to provide 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
hased onthe'changes_ of the regional transport demands of the country,
In 'the ca‘se Of:"Sy'ria,e it is expected:that the realignment of the network

', that took place afte\r the part1t10n1ng of the a.rea, and the increase in

j'-the product1v1ty ”‘the new agncultural areas of the north and northeast,
’S-have affected the regzonal var1at10n of transport demands, and have |

brought ;about transport lags in vertam areas and leads in others. 'I‘he

}ident:.ficatzon of this regmnal var1at1on in the theoret:.cal la.g or lead in



\ traﬁéport deVeIopment makes it possible to predict changes that are
likeif to o"céur ﬁase& on the relé.tioh’éhip between transport and develop-
m.gnt, and. ena.Ble's the identification of the areas' where changes 1n the

| nefwork 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 fegression point up the va.fiation 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
assmption. The l'a.ttei- are considered as the areas where a lag in
network developme;'ij_zt has takén place and where attention in the future
ought to be directed.

' Thi;d, due to the severing of the 1{:ran'sport’ network following
World Wa.rI, ”a.ndiatot:r;.e extensive agricultural de»velopment‘ in the

) northeastern fpa’.’-rt‘ofy the country, the connectivity of a number of ‘imppft'ant;



cente rs where ‘conne ct1v1ty ; 1ncreased- make 8, 1t‘.pos s1b1e to pred1ct-ithe

¢ centers where: growth, canibe expected 1n the future, wh11e the "1dent1f1cat1on

‘_'fof the unp_orta.nt;penter wher_e :oonnect1v1ty decre‘a.eed.,‘pomts;np"the‘f s

-3p],ﬂao_e_e,.,]whei“e"-‘sta_,gna'.ti'on can be expec clted if irnbrovei'n'ent r"in*'th‘e" Z.éonn'e'oti\iit}‘r}[

;o fthe;e centersm not'i.incﬁiertaken. 'I‘h1s ana.lysm 1s done for both the

."ra11 a.nd the road n" twork In the case of the ra11 network three tune :

‘cross-secti

1) THe regionial network at its maximum growfh.



hnesconverge . ‘Atterthe partitioning, the connectivity of Damasdus,

'Aleppo an Hama. '

The structure of ’th“::network by 1970 w111 see a number of

:add1t1ons the ra11 system and the emergen _ £ 1 ;""_well connected

;centers such as‘Rakkah in the agncultural north as well as the strength-

"enlng of the posrtmn of Aleppo and Hama. : The reahgnment of the raﬂ.wa.y'
network W111 be the f1rst maJor pro_]ect since. the part1tion1ng of the
regmn, when the unportant ports of Alexandretta, Be1rut, I-l:ufa. and

ot * I\

i'I!ripoh were ;anluded in other states. The new northern ra11 11ne w111

lmk nl Lat1qu1'"‘a, the mam“ l;port of: the country, wh1ch has been handhng '

fa large axnount of unports and exports, w1th its h1nter1and to the east.

E.The‘ proposed hnk Jommg Homs and Damascus w111 make the southern

‘?‘regmn accessrble to A1 Lat1qu1ya and W111 allow the movement by raxlway

from one .‘part of the country.;to an'oth'er', 'sornethmg'whl.chf:.‘ssnotposs1b1e

Two tirne cross-sectlons are.iexammed,mforde'r "to‘.'.‘analyze :.the

"changes through time of the total connect1v1ty of the road_network at

'da.fferent per1ods, a.nd the relatwe connect1v1ty of th maJor urban centers. :

.The ﬁrst cross-sectmn is taken at 1920 ::fthe permd when':Syna became

an 1ndependent statel, and pol1t1ca1 bounda.r 8 'were supenmposed on

-; ther oa‘dj- netw The : se cond tlme,;:y’; :



kﬂ,obvm s_ 1n th case of__the centers long the Euphra.tes R1ver, na.mely

»'“Abou Kamal, Deu'-ez-Zor a.nd'Ra.kkah' cventers loca.ted on the eastern'

front:.er, which"decrea;eed'.:in:'reletive c'o'nn‘ectwn'y b’etweena-1920 a.nd }
1963 ‘ 'The ma.in rea.aon for‘thls’decrea.s.e 1e the fact tha.t the1r early
growthasfocalpomtsonthe :trensport,11neys 1vt'h1_ch cionn‘ected the ports
of the e aste rnMed1terranean to the regmns of Ira.q and Iran, wes
curbed ’nvhen'they_beca.rne;"pervipher’ei‘_icenters ok a road network which
expa.nded ona n_ationa;l baete ,.*With'.‘_liittlre: ; con\_sider,a'tion for outlying
y'la;,reee, h:'eyond the na.tion}a'l ho\rrtler'sv.‘ 'i,["h_usi theretis,a _serioué lag in the
development ,of, ’the ,‘roadinety.vorh‘ mth:.e -newly developed -a’griicnlthural
"‘a:.rf':e‘»avfof -the‘ northeeet, where’ a l'e.rg’e 'increesetvint’a’.'gr‘icultur‘al -prodnction,
especxa.lly m the two 1mportant export 1tems of cotton and wheat, has

ta.ken pla.ce in: recent years. The completmn of a number of 1rr1gat10n

pro;ects mthls area. w1th1n'the next few yea.rs will! mcrea.se the

;::product:.onige,\'ren’further.:: Smce the agr1cu1tura1 products of Syr1a.

mature a.t' ‘an ‘earlier t1me ha.n most of those of its: compet1tors, they

command' a.;h1gh pr1ce 1n'world ma.rkets, and 1t 1s of the utmos unportance“.ﬂ_f

to:-,befable;to move these products to: the port of export as fast as



‘but the 0ad network m the irea W111- ha.ve to be nnproved m order "

}to sﬁpplement the ra11vta.y (feeder lmes), a.nd in order to a1d m the |
'rhoveme,nt.¢ of Svrla?'s i-;{gxpgrtant,, ,sFOdu_s,tS'.

Another 1mportant1agmthe "'oevelopvrnent ofroa.dsmSyna B
stemsfrom a,ttempts to :r,ejelién'the country's network in orde,rltoi fq;;q“s
theunports and e}f_c‘;'y')orts of the country on the mein port city of Al-» '
La.trqurya Even though the relative connectivity of Al-La.tiquiya,vi‘n
1963 l\ra“s!greater than it had been in 1920, the port of Tartous,
wh1chis Vin the process of heing modernized and expanded still has a
htgher »conneotivity index than Al-Latiquiya. From this fact two
u'nportantpomts emerge: 1) Al-Latiquiya, by far the busiest port of
thecountry, ha.ndling over one million tons of goods per year, is not
as Qe'll_"cv:fonnec*te((i to the area it serves as it ought to be; 2) that the
port-~of,1:'i‘vsrtons, onceexpa.nded and modernized, will be in a relatively
good positron to compete with Al-Latiquiya for handling the country's
forergn trade.

| A fmal pomt that emerges from an exammat;.on of the
connectivrty cha.nges between 1920 a.nd 1963 is the wa.y in whzch the
a.ccess1b111ty of some of the u'nportant urban centers in the south

deorea'sed. Pa.r_trcula.rly unporta,nt,for the economic ,a_nd pohtrc’a._l‘ '



'aJor urba center f the north '_wh1ch retamed 1ts relatwely

advantageous ﬁpos1t1on .on_the:country' 8 road network Smce Aleppo e

.jand‘:Damascusvhave been trad1t1ona1 rJ.vals for the dommatmg pos1t1on

iof the »Syr1a.n ma.rkets the sh1ft 1n re1at1ve connect1v1ty m1ght 1n future

years 'Bw.ing'l,t‘h? ;g;bal_ance‘ in e,,fav,or of 'Al‘eppo'. ,

Contributmns of the Study

The mam contributmns of th19 study may ‘be summarized
Eunder three headmgs‘* : i

1) General analys1s of the transportatmn system of. Syr1a. ‘

No prevr us‘ study ex1sts wh1ch analyzes the structure, development and

;-_relatmnshq.psfjof}the"transportat;on network, de sp1te the'.cr1t1’e_a1j role

transportation plays in the spatial organization of this Middle Eastern

n‘ation. o

Z) ‘Expa‘ 'dmg the methodology of tra.nsportatmn geography,

11c1t~ exammatmn of. theoretmal measures of

gtructur Within’-the egi‘Onal"s"ettmg ;;;Many.fmea'sures,of'fnetwo'rk' o

structures that have. been dev1sed in ecent years have been exammed ‘

only ata fairly ;h1gh‘-:1eve1’ of abstract:.on.. .Yet 1t 15 the regmn that; :

provides the: geographer"'

1th hze laboratory where the ut111ty of these

mea.sures;_,may be te stel under a: vanety of c1rcumstance 8. Th1s ,study



f:repres"':'nts the f:.rst a.ttem" t to relate :mea.sures of road etructure

:'to :ther ve.r1ab1es and v’exa.rnme the spat1a1‘ unphca.tmne lof the
‘»i‘s1g-n1f1c'a,nt tela.ttonshtp det1ved/ |

”3) Spec1f1c ana.lysw.of the effects of network severance at
’-_;‘the 1nternat1ona.1 bounda.ry due to changes in poltt1ea.1 spet1alv orga.n1-
y'\’zk'a'.ti;on'.f In,no_ other geegraphxc study‘-ha.ve.a.ttempts been ma.d_e to
:;n:e_::_‘a:;‘j‘surethe c;ha'nge‘s'}-.in_.eceeesibility of urban 'center:e'«to chenging‘
pol1tlca.1 bo@‘dé‘rie‘s. 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 politicé.l

fré.j:h_ewdrk changing in turn the functional organization of an area.



12

CHAPTERIL. "~

GENERAL PATTERNS IN SYRIA' RELATED TO {KANSFORT

‘:"5Syr1a, located on the eastern shore of the Medlterranean Sea,

o ‘“part of the nnportant b1 1dge whlch connects the lancl masses of

"Europe; ,:-A‘sra and Afr1ca (F1guref 1)? - o

There are a number of general patterns 1n Syr1a of a ba81c

'f;-"nature which are unportant to transportatmn in; the country A general

;"fdescnpta.on of the se patterns w1ll be undertaken in th1s chapter in order

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

_‘.;_whlch'follows in later chapters.
Slop e
o The complex1ty of slope in- Syr1a, which is one of the basic

'.Lfa.ctors that are related to transport development, varies from one

f{part of the country to another. F1gure 2. represents the general pattern

‘?;{of slope complexrty and d1v1des the country mto three parts 1) steep

:';slope, 2) moderate slope, and 3) sl1ght slope. On the whole, the

';: astern, the northeastern a.nd the central parts of the country are

]’fc mposed of relatively ﬂat areas where the lack of steep slope does.

; 1 1 ‘,Other background mformatmn on. Syr1a may be found in
g}_vppendix A and B. » %

For method of slope calculatmn see page 100
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?-"}note-hmder transport network?development. To!

";ﬂatlands 11es an elevated area ‘here slope is.of a moderate nature,

“_"presentmg some dlfflculty to road and ra.11 development., The western:
g:part of the country contams the most rugged h1lls and mountams found.‘
J,n _Syrla; '-whe re the ésteep_e st ‘ slopes* exrst, ; and' 'w_h‘ere: the' hmde rance; to-~

"trans‘oort\'nietwork gr"o'v'vth-if‘s' at its highest.

: Rainfaus Distribution
‘ Syr:.a has a ‘Mediterranean type climate which is characterized

by a ’_rafi‘ny,rs.eason from November to March and a dry season for the
rest-of ‘the year. 'Tl'_i'is is the result of a location between two migrating
c11mat1c z'ones_, a dry zone to the south and a wet zone to the north. This
trans1t10na1 char‘acteri'sti_c is the main cause of the country’'s two -
d1st1nctseasons, a raihy one when under the influence of the climatic

‘ effectsofthe ‘,wet zone. from'the. north, and a dry.'season when und'er the
1nf1uenceofthe \'c],imatic- effects of the semi-arid zone to the s'ou_tht.'

There 1smuch _\'rari\ation in rainfall from one year toanother,

andfromonepart Of:rth'e country to another'.('Fi'gure; 3). 'Many;fjr"ears'

a_ss w1thout a' trace of ram fallmg at a: certam v111age, yet thlB

_“'_A‘same v111age may be washed away by a ﬂash ﬂood durmg an unusually

-wet; season. However , the var1at1on in. ramfall from one’ part of the

':.country to- another is much more pronounced than the yearly var1at10ns.

;-'fThe winter: cyclomc:: storms, wh1ch are’ mamly respons1b1e for ramfall
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;m the"‘area,,move_ from; west to 'e:' st across the Med1terra.nean

: du.mpmg. " arge amoun ‘s&of ra.1nfa.11~ as they reach the land and start

to: ise over the western slopes of the coa.stal mountam ra.nges. This

-

re.rn 1s hea..v1estuon the mountam’ slopes Wthh face the sea, a.nd
: decreases m 1htens1ty as: 1t> motres ea.stwa.rd where large parts of
.the couhtry recewe less than 200 mm, per yea.r, an amount cons1dered
too low to a.llow the practme of agnculture. However, an opemng in
the ‘motmta‘in ranges in the northern part of the country permits the
rdin-bearing 'cloﬁ'ds to dispose of their moisture more slowly, and
over a larger"area‘ which receives enough xprecipitation (between 200
and 500 mm. per ye,a.r} 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 couhtry reveal that Al-Latiquiya, which is a sea. port,
receives an average of 700 mm. per year, while Damascus, located
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.

o :his is pa.rt of the area trad1t1ona11y referred to as the
. Fertile Crescent C



iRivers:

throughithe} plam of Ant1och in Turkesr befot:e emptymg into the sea.

The Bare,da. >R1ver vg1ves 11te to ‘the ‘.Da.mascus a.rea, which |
would be and ethet'W1se, ‘sprmgs 1n the Ant1-Lebenen mountahns and
tiowe tht'otzgh.the alluv1a1 fan on wh1eh the c1ty of Da.rr‘xavscus is located
Whatever 11tt1e water is. leftemptxes 1nto a sa.lt lake in the desert area,
,a. ehettt d1stance to the ee.st ef Damas‘ct‘a.’s.» = | ' |

The Y armuk R1ver, 4wh1ch sprmgs m the southern sectmn of
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_.1:afaia'fih‘tesﬁairy*-ciuaua‘uy}féf‘mm’at’iﬁ’gﬂ;i a salt lake on the desért -

AnA_ e.xarnple oflvth1s group 1s. thelQu\.;vazq R1ver wh1ch flows

_'“Afthrough Aleppo and terrnmates :'1n a':tsalt la.ke to the south of the c1ty. : |
The fluctuatron of the S;tnan r1vers 1s as. varrable as the

country's ramfall.., Durmgthe rama.nd ”_snow ‘mel_t 99-3-9,'01}8:‘ ',the‘v’r‘ivers

reachthe1r max1mu1nflow Whirh re’e'*ics in the'inundation”of:the

: surrounoiné areas in many cases. In the dry season, hotvever, the

’ﬂovtr vof the maJor r1§ers decreases sharply, while the beds of the: minor

streams dry up,

; Populatmn ‘Dr str1but1on

Do In 1962 Syr1a's populatmn was estunated at 4,777, 000
‘.‘p’roJected from the 1960 ennumera.tmn. The populatmn is’ unevenly
;‘tzdlstnbuted throughout the country (Flgure 5). In the wéstern section
}there 1s a. h1gh dens1ty of over 100 persons per square k1lometer, :

;wh11e the central and eastern regmns are. thmly populated wzth under :

10 fp_er,sons .per- squar.e»-k1lometer.‘1n“mo st«-ca‘se 8.
The i:dl.stnbutmn of urban centers (F1gure 6), is closely

_t.related to the generalzpattern of populatmn d1str1butzon. Most of the

“large urban center'" ‘are‘l 'cated in. the eastern half of the country led

fby Damascusuand Alep “o w1th about 1/2 m11110n persons each
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_{Agrxculture

Approxunately 70 percent of Syr1a’s popula.tmn is engaged

_‘,’k"’fm")' gnculture and«1t's related £1e1ds. The concentra.tmn of farm

' _,,‘;popula 1onh15 especraﬁy h1gh in: the southern part of the country,
‘ "[~wh1ch wasy the trad1t1ona1 agrrcultural region. of Syna. from the very -
"-'-.'ea‘rI}‘rI hv atory' of the country unt11 a few decades ago. Other concentrations

are. 1n the northea.st area, which is the newly developed agricultural
. regmn of Syrza (Fxgure 7.
' Cotton, Syr:.a.'s most important summer crop, is totally
E dep‘e‘ndent on irrigation. The superior quality of this long staple cotton
cre’a.tes':?’fa high demand on the world market and has become Syria's
most f'ixnporta,nt export commodity.

The agricultural areas of wheat and barley, the two most
unporta.nt winter crops, are dependent on rainfall. - Supplementary

: ‘i,nr'ilgat'iOnt is introduced in areas with a deficiency of precipitation.

E 7'"Ma.nu£actur1ng_

There has been a steady increase in the manufa.cturmg

:‘development a.nd productmn in Syria w1thm the last decade However,

;‘-:ulture contnbutes 50- percent of the natmnal mcome compa.red to

am nufa.cturmg s 12 percent Most of the recent development is. m

*’-»filg%sbt~.*lndu,etrv,'auch-‘i.ais. text.ﬂesean-ifrelated,manuf&ctured Pmductsr .
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cus:an""' Aleppo a.ccou“‘"t for the largest part of the ma.nufa.cturing}i‘}

it; w:.th 70 per‘ en of the’ totalr ﬂoor a.rea. o‘ ma.nufacturmg planta

(Ta.ble'l) L

TAB LE 1

TOTAL FLOOR AREA OF MANUFACTURING '°LANTS
. 'BY MUHAFAZA (1961)a :

o Floor Area
""N'fa'me o (in sq. meters)

-Damascus 322,418
‘ 63,069
36,986
218,486
7,909

88,367
18,474
'Al Ha.sa.keh . _ 3,211
' vAs -Suwe:.da : . 10,865
-Dara o . ‘ 9,482
Tota.l W

-';Source' Sta.t1st1ca1 Abstracts (1961) Syrian Arab Republic, pp. 245-6.
' :a. Muhafa.za. is’ the largest adm1n1stra.t1ve unit in Syria.

'I'lus *'th'én;*'i"éia ;b‘fief pre: éentation of: éorrie ;of 1 tlie‘ irriportant
'lfactors wh:.ch have mfluenced the d1str1bution of tra.nsport facil1t1es in

,?*Syrm, some more 1mportant tha.n others to: be ‘sure, but a11 playing a. '

'Aro1 e;.,m,-the spa.t1a.1 la.yout of the network
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/CHAPTER I .

| 'DEVELOPMENT OF TRANSPORTATION IN SYRIA

Although the main focus of thrs study is on the modern ‘
‘;]transport network of Syria, the.follow1né discuss1on descnbes the -
: :‘ffa‘shion in wh1ch the present day: network of the country developed |

{.th'rough_ time, This h1stor1cal perspective prov1des a certain degree
| of understanding of the variables that are rela.ted to the transport
: network, a.nd the manner inIWhichthe'present day alignment of the

| network .“evolve'd -

E The pre’sent da;t tra.nsport network of Syria is the product of
eix distinct stages of growth These are:

;,‘lt)j‘-'v-‘vAncxent caravan routes.
z) :‘,j_R.oads bu11t durmg the expansmn of the Roman Empire
| mto the country. .

3) Wagon roads bu11t durmg the latter part of the 19th century.

'he ra11roa.d bu11d1ng era. .

5 ,,-Motor;r'oads. el

6 '/Reahgnment followmg the part:.tmmng of. Greater Syria-

These stages should not be consrdered independent of one

another, nor shou 1t be thought that when a new stage emerged the older

one ceased to exrst. fact, the present day network should ‘be- consxdered
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:f};-"tlie ) re s'iil"tf“of ‘a-- ;coi'nb'ination of:t the s"e fs‘ix:'s’tagé\s",f Bdme : m'oré.:'irnp.ditéﬁt"'

= than others certamly, but each contnbutmg a share in servmg the

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

- Anci‘ent. Caravan Route s :

'fhe looation of ESy_rial at the meeting point of the three
continents of Africa, Europe, and Asia br.oug.ht 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 werel 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“tom"ns. After leaving the plains‘, the goods and people in trans-
port had to make a sharp ascent of the two mountain chains of The

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

L th1s chapter this name refers to Greater Syria, a part
of the Ottoman Empire that was composed of what is now Lebanon, '
Syria, J ordan, and Palestine. ’
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: eVeloped and were later to b »comethe large urban centers of Damascu,:
2 a and‘Aleppo.{ Once the transfer of goods was completed

he a ,avan. contmued thezr Journey to the coasta.l area of the eastern

fedi erra,nea.n, crossm' :_the mountam chams that separated them £rom

:;the sea; at the' few natural passes that cut across what might otherw1se

Ehave;been an[msurmountable obstacle. .

The second type of break-of-bulk point evolved through the
ﬁfdevelopment of settlements located at strategic points along the coast. 2
;}!,'I‘hese ports were the termmal points of the land routes, where the
;ﬂigoods and people commg from the east had to cha.nge carr:.ers before

.,’sa111ng for the:.r ultimate destmation 1n the west. There was a -

{"corr spondmg movement from west to east m the same manner as the E
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andvEgyptian citiee to their eouth‘:" ThlB early development pla.yed

‘Aa. unportant role in- the structure a.nd growth of the Bubsequent ' :
stagee of transport development m the area., aa 1t wae the forma.tive

"era m which the location of the ma_]or urban centers took place. Their

:‘:po eition had to be! ta.ken into account whenever any new connectione were '

»mtroduce_d’._‘

Roman Roads
o The ;i‘{omane were noted road builders, and‘with the extension
iot:theirfrule qve‘rCS_,yria, a well constructed and connected road network
id"etveloped;_ the'phy‘eiical remains of which are still in evidence. Since
Syria Wae»oneiorf.‘: the most important Roman outposts, this network was
deeignedto move troops efficiently from one part of Syria to another,
a.ndtOJomthelocal ‘areas of agricultural production to th‘e various army
iiisféiiatiéns; thus iné;‘u"rin‘g a dependable flow of food products from the
supply to the demand areas.

Subsequent to the fall of Rome, major powers utilized the
;Itoman“roa.d network in Syriab when carrying on their conta.cte ) even

7 though they themeelves did very 11tt1e to 1mprove the roads ormto

nstruct new onee. .

Durmg the first half of the 19th century, the period 1mmediate1y

prior to th”" jcoming of the wagon to Syria, a number of urban centers

were; engaged m profita.ble tra.de ventures 1n their role aq middlemen
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gt »~Dur1n“"1th15 per1od AlepPo was! the"large st

:ban and commercia center in he regron.‘ Caravans wh1ch 'ca.me to

j~1t =from East -Asia, Ind1a, Iran, ;Y,emen, and Iraq followed the natural

:Mroute f‘:the Fbrnle Crescent carrymg h1gh cost goods that were in®

:idemand in Europe, and so were able to bear the hrgh cost. of transport

in addition to the 1n1t1al h1gh cost of the goods themselves. Among the
;goods in hxghest demand were s11k dyes, coffee, and med1c1nes. At
'Aleppo the‘ goods were sold to European merchants, who then transported
T,them to one of the three ports: of Tnpoh, Alexandretta, and Al-Latiquiya.
jV‘In return, the merchants of Aleppo purchased a large number of
-‘,Eurvopean-manufactured products and'moved them eastward to the
“areas of demand Of the three ports handling the flow of goods across

ithe area""tTr1pol1_handled by far the: largest overall yvolume (Table 2).

‘In ddition.to sh1pp1ng most of Aleppo 8 1ncom1ng and outgomg flow

iof goods R it handled mo st of the goods pa.ssmg through the smaller but

_'nevertheless 1mportant cit1es of Hama and Homs.

TABLE 2

GOODS HANDLED IN 1844

LA

?‘City K , Metr1c Tons |
‘Al- Lat1qu1ya. o o 165,000
Tripoli ' ' o B 330,000
Beirut : ‘ g 168,000

Source: Abdul Karim Gharaibek, Syria During the Nineteenth: Century, .
Institute of Higher Arabic Studies (Ca1ro, 1962). In Arabic, - T
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Even though most of the la.rge urban centers were connected' o

to one a.nother,- t ourne}r betweoen a.ny two of them wa.s both lengthy B

a.nd costly (Ta.ble 3)

. TABLE 3
. TRAVEL ‘T-IME'-AND oISTANCE FROM DAMASCUS
TO MAJOR URBAN CENTERS
(Round Trip)

Time Distance
'Round Trip (in days) (in kmas.)
Damascus-Homs 5 165
Damascus-Hama 7 211
Damascus-~Aleppo 10-12 364

Damascus-Beirut 4 111

Wa@n‘Roade

| In 1856 Count Edmond de Perthius, a French national, was
gra‘nte‘d.-a fifty-year concession by the Turkish sultan giving him the
: r,‘irghtsf‘to._‘build "a,‘nd\'exploit a wagon road joining Damascus to Beirut.
Work on,.the 1 1:1 km, road was started in 1859 and was completed in
1863 "Thi‘e‘v‘.new’connection,c:ut .down traveling time b“etwe'en’the two
“cxties from the prev1oue four days to thirteen hours for the round tr1p.
| S Th1s substa.nt:.al decrea.se in-the £r1ction of dxsta.nce between

z.,the‘,two c1t1ee strrnulated growth at both ends. A number of mdustriee in
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f;,continued t':,depend on the ’slower ' nd more expenewe a.mmal transport.

ff:,'However,"'the merchant of theee. interior centers a.nd port c1t1ee d1d not

; ;gta.ke «long to -realize the 1mportance of rap1d and cheap tranapoﬂ; fac1lit1ee: ’

;e'that'was apparent 1n the rap1d growth of. the volume of goods movmg

betwe “Blen;ut and Damascus. Aleppo was 11nked to Alexandretta by '

-Vja wagon roa.d in '1873 Home to Tr1p011 by 1883 and othersgwere qu1ck

i.lto follow (Frgure 8),

By 1894 Beirut 'wa.s‘ handhng by far the large et volume of

goods among a.11 the 'porte of the area, a posmon it et111 3 olds.

TABLE 4

MOVEMENT OF GOODS THROUGH MAJOR PORTS ; 1894

.P,ort Tons ',
Beirut - o o “':740 551{
Tripoli | 429,723
Alexandretta . 290,323
Al-Latiquiya :170,891 -
Haifa , ‘110,626
Acre 13,377

Saidon 43,987
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o E ] ‘1efter1Aade‘s, Les Chemms de Fer En Syne
Jet au bean (Beyrouth 1944); p. R I T T
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TABLE 5

 AGRICULTURAL PRODUCTION: OF THE HOURAN (1890)'

Barley oo 170,000
Corn e - 189,000
Others .. .. .. 7 96,000

: \"I‘ota",lif, : co __ o 615,000

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

and‘Beirut, wh11e 126 668 tons went to Ha1£a and Acre. In order to_

mamtain th1s favorable s1tuat10n, ‘a concession for building a railroad

Joimng the Houra.n plams to Haifa. and extendmg northward to Damascus

';va.. granted by the sultan to-a Bntlsh f1rm. This serious threat to the
QDaanaeeus-Be1rut lme , and the fact that the wagon road was fast
:reaching tts full capac1ty due to the large increase in movement of
.»both people and commod1t1es that it was called upon to handle, made
the poss1bihty of the renewal of 1ts sole exp101tat10n rights of the

iconnect:.on qu1te unhkely. Meanwhxle, a Lebanese financier, J oseph

‘Moutran, was glven' a concessmn to explo1t the port of Ben'ut under the

t’An expansmn of the vport fac111t1es "was eoon undertaken by this new

fcompany to enable.,the .‘ vffic1ent‘;hand11ng of the ever-mcreasmg ﬂow of
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Da.mascus-Mezen'eb Ra.llroad Mr. Moutra.n subsequently

"“yf,jobta.me“ ':Eanother;uconcessmn «from ! e“"-Turk1sh sultan, thxs t1me to o

j'.fijb\uld a ”1lvhls.y lme connect1ng Mes‘elreb, m» the hea.rt of the Houran
’:a.gricultural. ares., to Damascus 103 km to the north 7'1‘h1s“w‘as‘a.
) bna'._.;l-fo'\gs./.‘-'gaugkerllne (1'.045 m.), comp_letedm the summer of 1894, It

“cut down :tralvelin‘g' tirne between Damascus and Mezeireb from 2-1/2
da.ys 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 na._me,"_;Sociéte' des Chemins de Fer Ottomans Economiques
‘deBey;ronth-Dezna;s-Houran en Syrie," purchased the exploitation

rights of i:.the“ Wagon'road 'a.nd began planning a railway connection between
D_a‘mas:’eus .a'.‘nijei;jut. Original plans called for a standard gauge line,
but 'sinlee‘ é.;"spee‘dy clo_'mp'letion was very necessary, due to the competition
w1ththe Da_mascus-Ha.ﬁa line already proposed, a narrow gauge

‘-':i'viv'a.'s dec:.dedupon Thisinarrow gauge would be much easier to build and

,(much a "'er to complete tha.n a sta.nda.rd ga.uge line, as the two mountain ,

_.The Lebanon and-the Ant1-Leba.non were to be. crossed The

l{-lme, 147 km 1n length w1th five tunnels the longest of wh1ch was 7 km



lbetw ‘ en Damascus and Beu‘ut wasv reduced to half the amount of what

;1t haddbeen before the commg of the ra11way (Table 6)
TABLE 6

":COST OF FREIGHT MOVEMENT BETWEEN DAMASCUS AND BEIRUT

'Method A Length of haul Cost per ton-kilometer
o (in kilometers) (in francs)
Wagon 122 . 63.3

Railway | 144 28.8

Rlyak-Hama-Aleppo Ra11way. Mr Moutran's company,

l{..u,i{nowvrenamed "Soc1ete Ottomane du. Chemins de Fer Damas-Hama
,Prolongements," obtained a new concession from the sultan to build
V.a ra11road line Jo1n1ng R1yak 10cated at m:.dpomt of the Be1rut-Damascus
11ne, to Aleppo in the northern reg:.on, passmé through ‘the cities of Homs
‘and Hama (F1gure 10) R1yak was chosen as the head of the line 1nstead

gof Damascus because the area.‘between R1yak and Homs 1s a fert11e '

jagncultural p1a1n, wh11e the area between Damascus a.nd Homs is a

:jdesert B’vh‘;:the 1m "the me reached Hama. m 1902 the company ra.n

.vmto' f1nanc1a1 "d1ff1cu4ty and ‘work ad'to be stopped temporar11y.~ Itwas

:’iresumed the followmg year,:andf' the sta.ndard gauge line -,(1 435 m; );f
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H1Ja.z Ra11wajr_ In 1900 work was begun on a narrow gauge 11ne

to Jom Da.mascus and Mecca, the rehgmus ca.p1ta1 of" the Isla.mic world

i; th "western pa.rt of the Ara.b1an pemnsula. There were a number of

reasons why Sultan Abd-ul-HamJ.d undertook to ha.ve thlB lme constructed

w1th-£unds prov:.ded by pubhc conscr1pt1on The two most 1mporta.nt

reasons were (1) to make 1he di.ff1cu1t land Journey to Mecca eas1er and‘

:safe for'the prlgnms, a.nd (2) to connect the Arab1an pemnsula. to the "

hear of'hxs ‘empire,’ sotha.t he could control th:.s penphera.l part of

Th :a;bove ] 'omts may be:":conslde red the mam Just1f1cat1on‘ for o

building th1s ‘line, From an econom1c point’ of-v1ew 1t was'unJusti.fxable.{[f’,

i Abbrev:.at:.on o “4Soc1ete Ottoma.ne du Chemms de Fer
T)aman-Ha.ma. et: Prolonqements.“'«u Vi e Cu R




’-_:;'-The °n1Y 'part that G e

];k‘_vSyr,an , egment, from Dama.scus to Dar a., ‘but this duphca.ted the

-'_Damascus-Meze1reb lme already m exxstence, where the lines are

"51‘12 km apart at the farthest pomt and come to w1th1n 5 km of one |
‘,:another at several pomts. The rest of the lme, south of Dar a. ran in an
vjjar(ea.too‘ dr’y-for-'anyvcommerc1a1: agriculture to .develop in it, and to_o

‘ thmly populated to generate contmuous passenger traffic. The only
substant1a1 usge of the line would be during the time of the yearly

_ pilgrnnage. and this traffic was too small and'highly seasonal to warran'
a railway However, its strong religious appeal to Muslims all over
kth'e‘worlld brought large amounts of subscriptions to support this
 project.

..D.‘H".‘P., -sensing the consequences of a' competing line so

' close to 1ts own, offered to sell out its. fac111t1es at cost to- the Turkish

f -'gotrernment ’ The Turk1sh government refused 'this offer -and in a

. _part1a.l settlement pa1d the D.H.P, company 150 000 Turkish pounds
knpfor damages. _ D H. P. contmued its service on the line for a few years,
“.""."but"th'e ,los‘sves«w‘ere too great to’ bear_, so service was.p‘ermanently

termmated on th1a 11ne in 1914,

i «:~The Syr:.an segment of the H1Jaz Rallwa.y extending from

Da.mascus to Dar a. was completed by 1903 w1th a length of 140 km 5

5Thehne reached Medina 1,400 km “‘éi‘j?"}ii.’&"".-?:bv?-?.l‘?fto5#:'



a to Haifa:and the other'Joming

g.tifto"~Boéra, were' omplete’d in ;1904 B »The ‘segments, w1thin'Syr1a

‘a.re.:73ykm -and 32km respect1ve1y

Syrlan Se&nent of the Berhn-Bagdad Ra11way. In 1903 a com- Y
pany by the name of “The Ottoman Emp1re Company for the Bagdad
fRailroad" was establiehed in order to extend the Berlin-Bagdad rarlway
‘11ne from Konia, Turkey to. Bagdad the ult1mate destmatlon. At the |
outbreak of the war the line had reached northern Syr1a., and wrth '
work continuing all through‘_the war ,'»the 11ne reac_hed ‘Nusaibin in the

northeastern part of the country. The fmal segment of this railway

fthat is w1th1n the Syr1an border was. f1na11y completed in 1935,

’Motor R.oads

| The f1rst car that vva.s ever seen in Syr1a crossed from .
,Alexandretta to Aleppo 1n 1909, usmg ‘one’ of the wagon roads that had
been built. m the prevrous century lmkmg the maJor urban centers to
one another The cond1t1on of these wagon roads had become very

poor due to lack of mamtenance_ durmg the latter part of the 19th

icentury when the a11way‘s became’ he pr1mary carr1ers in the
_m_ovem‘ent of"« ods and,people throughout the area. g

Road condrtxone remamed very poor unt11 the coming of the

f.French forces;idurmg/World War I "?ThlB occupat1on marked the

éibegmnmg of the modern road bu11d1ng era in Syrra. <, Systemat1c road‘
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-Bﬁi’l&iﬁé9Wéé‘,"iﬁ’cfo'&u'c"é"d;'*j ."Néw‘?ffoadsf were planned, and old ones’

'-";1we1'e expandedfand unproved

After the end of the war the French mandate governrnent
"‘contmued 1ts systematrc plans of road unprovement givmg preference -
: to connections that were of econom1c or strategm importance. The

unprovement program dealt mainly with .ceburldmg the ex1sting old

lmks, 1mprov1ng the grades in rugged areas, widening the aurface and the '

' shoulde‘r areas in most cases, applying new surfaces, and in'general
using the improved techniques of road building developed be’ their
engvineev‘re. The road network that developed during this 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-Aleopo road,
The second type, the long:.tudmal lines, ran in.a north-south

orientatxon across the three lowland areas of the reg:.on. 3 These were*
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2) ('The central valley road from Tyre._to‘fZahleh Baalbek,

‘::.and then Homs.

3) ;:The .ntenor road Jommg the maJor urban centers of S

ﬁ;Syna, namely Aleppo, Hama, Homs, Damascus, and southward to Dar'a.‘; .

~;Z'Rea115nment ofn the Network Followmg the Partrtmnmg of Greater Syria?'-“ ‘o
At the end of World War 1, the Ottoman Emp1re, an ally of -

*defeated Germa.ny, lost most of 1ts possessmns ‘outside the Anatohan

,};Peninsula.. The leayet of Syr:.a was subsequently removed from

?;under ,the Ottoman rule and part1t1oned 1nto a number of newly created

';states'" one of th.ch became the modern state of Syrra. Creation of

"p011t1ca1 boundanes cuttmg across transport lmes that grew on a

Tregmnal,basm'was detrunental to the connect1v1ty of the network of

ea’ andi;" spec1a11y to that of the newly created state, Syn .

jﬁv'f(Flgure 12) The part1t1onmg resulted 1n a decrease 1n’the conn
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{gwe nto the state_ of Turkey.’;, Lebanon recewed‘the port of Tnpoli

Awh1ch erves the Homs Hama. area, the unporta.nt port of Be1rut, .'

Sidon ,and Tyre to the south ":The ports of Ha.:.fa and Acre. serving

.;';the‘southern regmn, were mcorporated 1nto the state of Palestme. -

| The .r‘ole‘.of the rallroad network in’ servmg the economy of
*the a.rea., already ’h1ndere»d by the ex1stence of two types of gauges. .

.wa.s further drsrupted by the poht:.cal boundanes that were superunposed
-on the reglon a.fter the whole network had already been built. The
network as 1t had developed prlor to partitioning, connected the major
urban c'enters, ports and agncultural regions to one another., The

‘;}north-south 11ne between Dar‘a and Aleppo passed through the agricul-

tural region of the Houran, Damascus and its rich ghouta, ¢ e

};agﬁ"cunu'rai ifé‘gion’bf.,the' Beqaa, the large urban centers of Homs and

Hama wrth the1r r1ch agrrcultural uplands, and finally the h1gh1y

product e,_Aleppo area., Thls long1tud1na1 lme was connected to the

;port ctties"of Betrut, Tnpoh, and Ha1fa., the three unporta.nt entrepots

the regmn, by ,three short_ transverse lmes. Two other unportant

.°nxi3¢ti‘°r..1°r¢iliﬁet€d: .one Qanéﬁsa Aleppo to Bagdad, and the other

joining A ppo:,at ﬁnur‘hﬁééibf’,irhp‘o‘rtanttrf.ﬁrkish}atfes’ .’té ‘.the::n'orth;'z

The part1t1on1ng of'S“' r1a bro_. ght.a.bout a. serlous ’dtsrupt:.on .

4_.of the"ﬂow oi goods on the ra.11way system. _ The north-south hne had

i 6 .The name gwen to the r1ch agr1cultura1 plam on wh1ch
";Damascus is located



-Turkey lme crossed'the 1nternatrona.1 border 117 km north of )

| ;h A jAleppo-Bagdad 11ne crossed 1nto Turkey 65 km out of ’

Aleppo ra.n parallel to the Syna.n-Turkrsh border on Turkey s s1de

for 3821km., re -entered Syna. for 81 km., and then crossed 1nto Iraq.

Thls srtua.tmn ma.de it necessa.ry for agncultural products of the J' a.zrreh

m the northeastern sect1on of Syna to cross mto Turkey before rea.chmg

Aleppo, the reg1ona1 ce ter of the a.rea.. 7

Turkey. to" arrwe at a rea.sonable solutmn ‘of the problem. Lot |
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Ontheo’cher a.nd the {‘.coastal and the central alley

;fbetweenv Syria and Lebanon.' th‘ former between. Tripol_ “and 1-La.tiquiy..

..,:f-- a.nd the latter;;between :,aalbek a.nd.Homs. In add1t1on to thz‘s, the

;{i;threeimporta.nt traneverse lmee jommg Bexrut to Dama.acue, _'I‘rlnoh to

{'Homs, and Alexandretta to Aleppo were d:srupted, the flret two by thES h
:boundary thh Lebanon and the thu:d by the bounda.ry w1th Turkey. ”
Thus the eecond qua.rter of the twent:.eth century found independent
.{Syna. with a: dzseected segment of a transport network which had developed =
‘;.-,on a’ regional bas1s, creatmg a need for the realignment of the network

| jthi_’s:-tun_e'bagsed.on‘natienal_ rather than regional demands.
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fiyfbetween 195 _,a.nd 1962 growth basedl on the na.tronal transport demands

of the’ country. g
This ten-year per1od 1s ‘an 1mportant phase in the growth of

'yrthef“network in Syrla when the government became aware of the 1mportant

‘role 'hat tra.nsport plays m econom:.c development, thus 1n1t1at1ng

T.‘f’systematic planmng to foster thrs growth

ft}l-The Road Network in 1952
In 1952 the total road network of Syrra was 8 200 km., or

’:"44 km per 1 000 sq. km of land Large vanatmns exrsted m the

¢ ,quality of the roa.ds, a.nd the wrdths of the:.r surface and the1r shoulders.’

S A Most of the data used in thrs chapter were obtamed from
. the' records of the: Ministries' of Public Works and ’I‘ransportation in
";_Syna. Detarled footnotmg w111 be left out to avord contmuous repetition.
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fTheQ’ verall w1dth of surface and’ snoumers variea irom o to 8 meters,'j‘

]w1th;'ther actual» maca dam o"v asphalt pa. t ra.ngmg rorn 4 to 5 meters. :

The road network was: broken down 1nto"three classes o

_:dependmg on the locatmn of the_tin “and on the role that it played m

,.the country s pattern of movement Roads of mternational benefrt

 TABLE 7
ROAD CLASSIFICATION IN 1952

~(in k1lometers)

A11 -wea.ther Dry season

Totali‘;

~ Class ' Asphalt Macadam dirt roads “roads

:Roads of inter- : SR

‘national benefit 1,700 290 210 800 3,000

"Roads of economic ~ . L

benefit 600 640 350 650 2,240
Roads of local ' : . e
benefit 300, 270 440 1,950 2,960
‘8,200

Total Z';600 1,200 1,000 3,400

v,were the Syrian segments of the main trunk lmes that connected

R ‘ 'i,
,‘the'port crties on the Med1terranean coast of. Syna, Lebanon and

sf;jm th south

to the maJor intenor c1t1es of Syna. and Iraq and those lmes that -

‘-?-e " ended from the Turlush border m the north to the J‘ ordanian border _




: Road; 6f"lo'é‘é,l?behe'fit wé"fé--éithéf "t’}ié;,ag‘r'ié'ultﬁ‘ 1 ~fﬁ6’a;aé*;i- j ,'; ;

onnectin the lesser nnportant productmn a.rea.s to ne’ another, or

er. roads supplementmg the other two groups of.roads

In 953 the na.tional budget mcluded 1 780 000 ‘Synanlpounds 2.

17.for the bu11d1ng of new roads, and 3 350 000 Synan pounds for ma.mten-ff

‘ nce (Fig »ev,.13) Of the mamtenance budget 10 percent or, 335 000 S P

nvd/,_'t:roa.ds“' a.n ‘he balanc “_'.of'?"’v3,015 000 S P on macadam

.and asphalt'roads. This- meant tha.t the d1rt roads' sha.re of the mamten-

ce budget'was ,6;vs;P;;.,,per»kni’o
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In 1955 Synan Law #117 was the £1rst formal’move‘ftowa‘ :ds ‘

,l:o"'”""":“ange plannmg for buildmg and mamt‘ mg.‘ ransportatzon 11nes.

umber ‘of development schemes were outlined between 1955 and

1‘960' but most of them were d1scont1nued after a year or twok.from the

e they ‘were begun. However, m 1960 a. comprehenswe Fwe Year '

was put 1nto effect and the share of the transport sector was } '

60 ’mlllion S‘kP.V,:“allocated as follows
bl) Improvmg the network in general 30 m1111on.
"Z) Gravelhng and asphaltmg prunary roads, 20 m11110n.
i3) Bu11d1ng new roads » 10 m11110n. ‘

?_In 1957 the M1n1stry of Transport formalized the road

clagsif tmn of the country when it 1ssued Syr1an Law # 495 clas s1fying

oad mto‘s:.x groups. ‘ These Were- '

)i W1de Roads(Autostrad) Included a11 roads wh1ch handled

‘a';a arge‘volume of tra.ffzc flow. The se were the roads that were enlarged
""et the speca,frcatrons of the Geneva Internatmnal Agreement of

1950 which recommended that mam roads of all countrres should be at

;lea.st 11 meters W1de thh 7 meters of asphalt.

) Internatmnal Roads., Usmg bas1ca11y the same def1n1t1on

. the prev1ous c1ass1f1cat1o .' already ment1oned

3) F1rst Class Roads. Roads wh1ch jomed the seats of the 2

;maJor admmrstratz.ve d1v1s1ons (muha.fazat) to one another._
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4) Second Class Roads.- These were the roads that lmked

; the seats of the muhafazat to the seats of the minor adrmmstratwe
' 'd1v151ons (Qadas) and to the summer and wmter resorts.

4 5) Th1rd Class Roads., Roads;'Jommgvthe Qada ,seats. to

one anether.

6) -Agricultural Roads. Linking the small agricultural centers

together, and to the agricultural areas themselves.
In 1959 a.de‘c':laration 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
w‘ell_ on its way as indicated by the overall j,ncrease in the total
'mtleage of the n‘etWorh (Table 8).

TABLE 8
" ROAD CLASSIFICATION IN 1962 a

(in kilometers)

All-weather Dry weather

Type : _. S Asphalt Macadam (dirt surf.) (dirt su_.rf )‘ Total
International benefit 2,050 - 400 550 3 ooof',_(

Economic benefit =~ 1,650 650 700 13,000 6,000
- Local benefit . .900 350 500 3,250 5,000 -

Total “'4,600: 1,000 1,600 - 6,800 14, Qop__ ,

: a2 Broken down accordmg to the 1952 class1f1cation for the
,'sake of companson. o . ,
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Comparison between Table 58«‘and_‘Tab1e 7 reveals ER large '

.ea.se in’ theitotal mrleage of the -economm benef1t and the local
:he‘ne‘f’zt roads, and A‘whrle the onerall mrleage of the‘mternatmna.l

)enef:.t .roads d1d not 1ncrease; therel was a marked 1norease vm. the
'n11eage of the asphalt roads, gorng from 1, 700 km in 1952 to 2 050 km
Ln 1962 However a gla.nce at the dry weather (drrt roads) column ‘
Lndmatee that this type of road wasg :much too large, especially since
550km of international benefit roads and 3,000 km. of economic benefit
roads were still in this group.

. In 1962, 7,424,000 S.P. were appropriated for the maintenance
of the"hi,ghway system, ofjwhich 10 percent, or 742,000 S.P., were spent
on‘éyidi‘rt roads, and the remaining 6,681,000 S.P. were spent on the
macadam and asphalt roads. This meant that 88 S.P. /km. was spent
on the mamtenance of the former and 1,193 S,P./km. on that of the
latter; _Thrs showed an increase of 15 percent in expenditures on d1rt
‘road"ée\_;beWeen 1953 and 1962, and a 50 percent increase in the expendi-
tureson the l'maoadarn and a‘sphalt roads during that same period.

The ea.rly 1960'3 witnessed a distinct improvement in road-
buxlding .‘and m’arntena.nce techmquea, and for the fzrst time chem1ca1 |

laboratorrevs were estabhshed to’ a.na.lyze the. quahty and types of - so1lsA '

Am the areas where road bu11d1ng was planned in order to determme o

'the best‘types of matenals that would be eu1table. . Between 1953 and
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epurcha.emgof road-building

f1111ng out many ‘of :‘the gapsftha.txexzeted»v:_-_f‘

an mamtenance machinery,
in the ma.mtenanc ‘fleet p'nor to 1953 (Appendlx' f)‘.,i"li;‘.

The spha.lt uaed 1n road-buildmg and mamtenance appropné

t~'fat1ons¢'»1ncrea.eed from 5‘ 000 tons per year' m 1953 to 25 000 tons per‘ﬁ
,f;yea.r by 1962‘ . Movst of 1t wa.s“ obtamed from the Homs ref1ne1y, a.nd

t"'dnl}t‘«ﬁs,rm»‘11.;<1u.frmt1t_wB were ylmported: g

.‘{'Motor Vehxcles

Even though there was a fa1r1y stnct quota. controllmg the
fi_%n‘nportatmn of motor veh1c1es to the country, the1r number more than

ﬂfdoubled between 1953 a.nd 1962 The mcrea.se in the number of cars

s wa.s very high, wh11e the mcrease in the number of buses
was modezate.

'I‘AB LE 9

MOTOR VEHICL s' IN SYRI_A (1953 62)

I

S L r‘;'aPercent
; ;7:'1962‘ ‘ Increa.ee e

16,534 o 173}“ o
1,417 o2l
11,103 . 142;5;[, L
29,054 147 .

- Cars

: ‘;Buees
Trucks
- ‘Total




-;,Br_idge s.S

3

In the ten-year per:.od ¢ nder dlscussmn, a number of br1dgee

"‘j'were"‘ planned 1n ‘rde’ .~

_‘:segments of the country. The Euphrates, th.ch is by far the largest and

;'longest rfver flowmg through the country, offered the most serilous
v;obstaclevto .road transport Only two bridges cross the river which
| flows 510 km across Syr1an terrltory The northern br1dge is at Rakkah‘
"260 km south of the Turkish border, and the southern one 1s at Dezr-ez-
~Zor, 120 km. from the Iraqlﬂborder. The two bridges are 130 km. apart
. -,'I",he zbridge at Rakkah was built in 1942 by the British army
and i\vas_'pur‘cha"sed- by the Syrian government after the war. This bridge
wasbuxlt for temp,orary use, and in 1957 two spans were washed away.
Itwaslater -resto'red by the government, but due to its temporary nature
theM1n1stry of ‘T‘ransp_ort decided to build a more modern and more .
permanent br1dge. Th1s bridge is now under construction and is at the |
'5,eame s1te4 as the old brxdge
2 ?Ijhe,*_hr_fdge‘,at:Derr-ez-Zor was built in 1929, Since it was
Onlyz meters . wlde , kcﬁi;_r_affic cOuldumove‘in, only one,d‘;ire_ct_ion' a_t a t1me _
andtrucksw1thagrosswe1ght over 12fto'n’s Couid!not cross,~over it.
"":’VI-.Ilowever,‘the movement of heavy trucks has greatly mcreased 1n the
’:fast deeade, espe‘c1a11y ones W1th 20-ton wexght and over carrymg

agncultural products from the J az1reh east to Aleppo and Al Latiqu1ya
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.Ra.11road’Network Between 1952 and 1962.

In 1952 the ra11way syatem of Syr1a wa.s composed of a.

‘nu.mber of d1sconnected lmes (see discussmn on the, effects of part1- '

{t1on1ng on the network), ea.ch servmg the 1mmed1ate area. that 1t

_‘passed through w1th 111:t1e regard to the network's extensmns tha.t

crossedf the 1nterna.t1ona1 boundanes a.nd re sumed the1r wa.y through

In 1952 the ra11roa.d network :

gh nr;ng;oountnes_.”.

7 Statiafionl Abstract o the Sysian Arab Republic (1961)



Subseq"l : ntly 5

‘of the country's ranf‘o‘aidé‘.« .

two agenc1es were estabhshed to control and

system (1) the D1rectorate General,; f Synan

F-E..'Raﬂroad‘s (SRR), _w1th 1ts'headquarters at Aleppo, was placed m control

‘,‘;‘of the northern‘ segment of the system, wh1ch was. composed of a.ll the

stand "d gauge 11nes (F1gure 15) (2) the D1rectorate of the H1Jaz Ra11way

;':;,"(HRR), w1th headquarters at Da.mascus, controlled all the narrow gauge

,‘:,'hnes after the segment of the Be1rut-—Damascus line was. added to 1t. :

'RAILWAY ROLLING STOCK (1961)

TABLE' 10

HRR- - SRR

" Total

B fAﬁtom'athce .
Locomotwe &
i-;‘,Passenger veh1c1e R
. Cargo wagon
.Fuel wagon

--'gg‘Other (wagon)

35 j"‘_‘ ’,,'i-. .

76 -
1, 437, T
T
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'Road-Rail Competition

| In the early 1950's the rai\_lroadg' of Syria witnessed a steady
"inqi'ease in the numbe‘r of pa,ssengérs , but in the middle 1950's this
_iti'ci‘éase bega.n' to level off and a slight decrease followed in the
' -su}:l{sequent years, except for the slight increase on the Syrian Railway
lines. dtiring the periﬁd of 1960-61.(Figure 16). The main reason for
this decrease was traced to the competition presented by the passenger
car seryice syste;'n, which became very efficient by the middle 1950's,
This efficient and inexpensive mode of travel provided regular service
ainong 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 experi;nced followed by a steady increase in 1959 and 1960
- and a drop‘in 1961. The Hijaz Railway lines showed a steady increase
duringthe period under discussion, with minor fluctuations occurring

in.1958 and 1961,
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ural‘sector.of the economy.

'2) “Amount of tr an91t go ode that movedac r°58 ‘ SYria -

3T ;jucl(;f‘q_jomi)"_«atitiéﬁ, S

':",}Fluctuatlons in Productmn. A large amount of the bulk goods |

';-transported by railways m Syna were agr:.cultural products. t Smce ‘

f-itmost of. the agncultural regxons depended on ramfall for their water '

va.r:.atlons of a few..,cent1meters of ram durmg a g1ven year
meant. the d1fference between a good harvest and a bad one. Even

, ugh prec1p1ta 'on’ wae not the only var1ab1e related to agncultural

a close correlatwn exxsted between the two, thh comparatively

f"h1gher_’ '_ields'per hectare vin th’elwetter*years and ,,comparatwely -lower :

; y:.elds durmg dner yeara. Th1s vanatmn m y1elds affected the amount

of total' agricultural productmn, wh1ch m turn, affected the amounts .

";;? transp rted by ra.11

;rans1t Movement., A large amount of goods in. tra.nsxt that

way to Iraq and ordan ‘was’ transported[ by"»;f‘

’1""“a':ééé‘d!"fproug" 'Svna; or}:ﬁhe

ot
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':imPQrtant‘exportf' 'phosphate"*‘- were transported on’ thxs ra1lwa B

. Goods' movmg-— etween'A‘Iraq and the Med1terranean ports"'

v-'depended in m:os "mstances on‘ the fac111t1ee of the ra11 network of

as Bagdad was connected to 1ts three maJor ports of entry,

-:Be»:.rut, Tr1pol1, and Alexandretta, by way of the Syrlan Rallways. |
ll:Th1s meant that mcreases or decreases in the amounts of 1mports

‘:and ercports of Jordan and Iraq a.ffected the amount of goods transported
’k bytheSynan ra:.lroads ’The 1mportance of transit goods to the Syrran
ra11roads1sobv1ous by the' fact that out of 417 ,995 tons handled in
A196l 304 165 tons were labeled external transport and only 113,830

-{tons were labeled mternal transport,

o :.;" ~__'..Truck':Cbmpentmn. A large increase in the number of

ic] "f,nsfed;for'the,rnovem_ent of goods in Syria took place in the last
decadev".,,"I‘lh'e".‘increase in the number of trucks fro_m 4,594 in 1952 to
'11,103 in-1962 presented the railroads with competition that is expected.

to.increase in the coming years. Discussion with a number of merchants

‘in'Syria concerning their preference between the services of the rail-

s and'?tl’ios"e"of’-f‘the tricks revealed th'a‘t preference' wa.s increa’singly

-’;{‘sh1ftmg m favor of the trucks, espec1ally by ‘the mercha.nts handling

Syr1a‘s mam export commod1t1es, cotton and wheat Some of the |

it-."r,ecxi,rripgv r'_.‘ea'sons ig“ivsenz,for;‘ c‘,hq‘os'lng 't,.ruck over r.,.al,l ~~w¢x,e=» E
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. 1) The railroad network was fragmented by ‘v,b‘o‘th'thnte‘rn'a_'t‘i‘ona]‘.}f"

‘boundaries ‘and differen gauges, wm‘éh;inter‘}upted_;;;hg;.:qva@‘ﬁpf goods

of the ountr_ to. another.v.r

) ‘The [onent t1on of; he rallway 11nes was not 1n 11ne w1th

'ffthe directmn of the ﬂow of goods, espec1a11y 1n the northern a.gncultural |

jy.";rng.on 'hich 1‘e ‘served by a small segment of the ex:,stmg 11ne. : :
5",3) Although the government's pol1cy was to dn'ect the trade

i}rand espec:.ally the exports of the country through the port of A1 Lat1qu1ya,

‘.st‘there were no ra11 lmks leadmg to that port

) The ra11roads lacked adequate faci11t1es requrred to handle

;;the highly eeasonal flow of agr1cu1tura1 products

i'R:'éiil.‘iéii‘zi.b‘y'.:~I.'Q nes underrCon‘struCtiOn

4' Smce the day A1 Latxq\uya became the major port of Syria,

"'there were v131ons of Jommg it by a railway to the rest of the country,

and e""pecxa.lly to the agr1cu1tura1 ‘northeast, However, it was not until
.:"1'956 that the f1rst fea.sibihty study of a ra11way 11ne Jommg Al- Lat1qu1ya
fto AluiKamishli. passmgthrough Aleppo, Rakkah jDe1r-ez Zor, and

sunderta.ken :1gure 18) In 1960 after the completmn

f"of “all the \techmcal wspects of 'thj_ etudy, the Sov1et Umon agreed to i

;,‘provrde_ﬁloans and: equ1pment to a1d the Synan government in constructing o

1 gis;lme which i expected to be: completed m 1967. By that tlme,,the o

\, ec 'ic lrstud_ie,s;,s ow,z.tha_.t:over'.one 'm_;lhonf_ztons _of»a.gncultural;‘and;"’."n'
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,‘»manufactured products w1ll be movmg between the two area.s :hnked

larg sha.re ot'thw movement. Thm f1gure 1s expected to 1, ‘crease
iii’sigmﬁcantl;rjoncei alluthe “1Arr1gat1on pro_]ects that are under cons'truct‘lon
~ m the north and northeaet are completed | .

o 'Another .11ne whmh w111 be constructed once the above lmentmned
. project rs completed w111 be one Jornmg‘ Homs and Damascus. Thls 1s o

.;_a badly needed connect1on wluch W111 lmk the northern and southern ra11

.”sys:ems together once agam and w111 prov1de rail connectlons among
‘the{ma_}or urban.,centers and, agr;cultural regions of the country.

' The ,_cample’tianlbf‘ the‘se. two lines is ekpected to increase the

‘:icon‘nectivity prov1ded by the ra11way network in Syr1a, and will most

,‘_probably brmg about the growth of new ra11 centers which will have a

ico’rnparatwe adva.ntage'due to the1r strategic location on the rail lmes.
It can then be concluded ‘that by . 1962 the transport facilities

;'_fm Syrla. were greatly 1mproved due to the active part that the government

‘,’wa.s’ undertakmg.m plannmg a.nd executmg projects that improve the

fftransp"ort; netWerS; ,‘e\j_ren though:mu‘chizwo'rk remai_ned to be done. 'I‘he

‘country's trunk lines were being improved; old bridges réplaced, dirt

-toads surfaced, andl new connections constructed. The railway line -

Al-Latiquiya, now under construction,

; proposed line joining Homs to Damascus, should increase the

‘effectivencas of the role of rail transport in the country.



CHAPTER V
HYPOTHESES AND RELA TIONSHIPS CONCERNING
T TRANSPORT NETWORKS ’ :

The .obJectwe of th1s 'chapter is to examme a nutnber of '
theoretmal notmns concermng the structure of road networks and the
cha‘nges in the v'lconnefctiinty. of urban centers as the network strnoture
e:\,ro}‘.\'reethrongﬁhftime.; This is done in two parts: the first part examines
ttxe str,uctnral"b‘c»i_'ev‘elopment of a road network, and the second part con=
siders the coﬂnecthity of the total road and rail network. The structure
of the road network is examined in light of a number of variables which
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
perio'ds- of development in order to evaluate the changes in the accessibi-

lity of urban centers over time.

Structure of Transport Networks

Th18 study assumes that the shape and the extent of a network
__are relat'ed;. to a number of variables such as population and economic

A‘acti‘v'i‘ty,- «wvhich- are unevenly di‘stribute’d in an area, and that this structure |

J1s a reflectxon of the spatial differentiation and the intera.ctmn among
vanables. Due to. th1s uneven d1str1but1on, it is expected that the

;network vanes m complex1ty from place to- place, the variation in
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complexity following diectly from tie degree of intensity with which

o

" Figure 19.. SCATTERED SETTLEMENTS

. For a number of reasons {economic, social, political, etc.),

1nteract1onamong these center 8 develop s'and movement of ,peqple :and

6ods occurs among .;the“fh*.i: ;,Ohc e intera'ction 'bétwe’en»any'.l't\"kld-,cente‘r ei ,

..reaches a. certam ,hzgh‘ level and achxeves a cons1stent rate of growth,

:-'a commumcatm”xjhne ‘develops Jommg these two pla.cesl’(F1gure 20)

.sense th:.s "'s a v1s le 1mpress upon the landscape of the mteractmn

99‘?‘,1?1'?W}¢9P§¥1FY3~'P»¢,W¢r9nrWP places. -
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Figure 20. GROWTH OF A COMMUNICATIONS LINE

As ‘ivritera,ctipn- increases among the other settlements, similar -
routes connecting these points to one another are introduced. With still
i ‘fur"tih_efr_ j.ntezfac?:ion,,routes continue to evolve until most, or all, the

,/ ‘é;etj:i'é,rIijent,s become: interconnected. (Figure 21 ).

R

Figure 21, INTERCONNECTIONS:AMONG SETTLEMENTS
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:_.the movementi g the‘ connect;ons leadmg to the less 1mportant centers '

r."remams the same or decreaees in- quant1ty Improvement or expansmn

liof the important connectmns is. then undertaken 1n order to meet the

demand for the mcreased movement along these 11nes A (FJ.gure 22);

f

i_iwell as between,the "'emaller centers thems ‘lve'
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jljoccur, the;r ar 1ntroduced:~tov‘ strené’thenttﬁe conn tio'ns famofi'g‘;the]”"“

.‘_j[1mportant centers in "hrch the demand for expanded and 1mprov d X

’E‘transport fac1l1t1es»:1s" h1gh enough to w1thstand the expense of the new:

Once an area has been 1nhab1ted contmuouely over a permd

j_of t1me, a transport network develops wh1ch may be composed nf vanous“':‘

"'.mode_s of transport such as: road, ra1l. and waterways and w1th1n these

' d1fferent modes there w1ll be a further breakdown of pr1mary, secondaryf"‘
nd tnrt1ary connectmns. Therefore, 1t can be stated that the struature
. .of the transport network w1th1n an area which has been contmuously

e

: f1nhab1ted is. related to.a number of factors unevenly d1str1buted in area.

.‘ji‘iThese vanables ma.y be d1v1ded into two groups' »4

l) Ones that are d1rectly related to the complexlty of the

‘ network, i. e., the complex1ty of the structure of the network 1ncreases

_ :;_w1th h1gher values of the var1ables.

Z.)»‘:' Ones that are 1nversely related to the structure of the

The above'~:statement 1mpl1es that the ;’structure of the transport '

i"i‘,fnetwork_ is relatlvely' more complex 1n the areas where the s1gmf1cant

"f_f‘varrables that are: d1rectly related to the structure of the network;a' e.
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foundm large quant1t1es and is relatively: s1mple in. the area s where

‘the’ s1gm£1cant vanables are found:in: small quant 1es, or where the

fimversely related var1ab1esv are found The var1ab1es that w111 be

rtexammed in th1s study are brokex down 1nto three mam groups'

1) D1str1but1on of populatlon. .v B
2) D1str1but1on of econornic actlvny, -
3) SOme phys1ca1 factors. -

Populatmn D1str1but1on. It is. assumed that heavzly populated

:’gareas “enerate a h1gh demand for crrculatlon w1th1n that region, as

-well ; between that reglon and ne1ghbor1ng ones w1th which the regmn

'has a; h1gh degree of complementanty Thts allows us to hypothesize

N

ff'that if we‘examme ‘two areas w1th s1m1]ar character1st1cs but for tho

'7'»‘s'1ze}' of‘, the1r populatmn, we would fmd a more complex network in the

{;‘-area w:th a large populat1on than in the’ less populated area, In other

“;words, all thmgs bemg equal the complex1ty of a: transport network
’ﬁvarres directly w1th the size of the populatxon of any g1ven regzon.

*Economm Act1v1ty. Econom1c .actwrty, like populatmn, is

_;_-ﬁunevenly dxstnbuted from place to place, W1th certamaareas contammg

ff,a h1gh conr entratlon of ecoromic. act1v1ty, wh11e in other areas economic

'.ff"act1v1ty may be small or non-ex:.stent-l? Agam, we assume that areas

:’;:w1th a h1gh cegree of economlc act1v1ty would develop a more complex

*:'_“road network than a.reas w1th less 1ntenslve econom1c act1v1ty and
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iiyhypotbe 31ze that the structure of the ‘road network ina regmn va.nes |

f‘d1rect1y w1th the mtens 1ty of econom1c acthty w1thin that area, other
'thmgs bemg equa.l

Phys1ca1 Factors. ‘The uneven characteristics of the physicei»'

base, the mountams, the valleys the marshes, the plains, etc., that
pla.y,-a;n~1mp,pxtant role in location of population and economic activity
have e;n"'tmportant bearing on the structure and the development of a
transport network, In certain instances the physical base offers: diffi-
cult Aobstacles for intera.etion between two places which trensport 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
popule.tion distrihution, E is a measure of economic activity, and B

is an index representing the physical factors. The important point in
thie rypkart of the study is the fact that now that the above relationships

have been identified, they are examined and described quantitatively



78

p ce ina. d1spersedv spat1a1 settmg, wh11e in an 1ndustr1a1 economy

3!where supply' and demand are h1gh1y concentrated the act1v1ty 1s' much

perse_d than 19 the'case withagnculture. Due to the above f

i_reason and to the fact, that'agrlculture 1s much more developed in

;“Syna than 1ndustry 15 ;1t 15 hypothesmed that the var1at1on 1n transport

iemands.;between agrrculture and mdustry is reflected in the structure

Jf the network, and thac th1s reflectmn shows that the relat1onsh1p

between network structure and agr1cu1tura1 productmn 1s much stronger

than the relatlonshxp between network structure and 1ndustr y.
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3 '?;_'"Connect1v1ty of Transport Networks

The schematm examples that ,w’;re gwen to 111ustrate the

U underlymg notmns of the structure of transport networks maygbe

urban centers takes place. F1gure 20 represents what may be consid-
;ered; a poorly connected network w1th httle d1fference in the degree

if;.‘of connect1v1ty among the 1nd1v1dua1 centers. Figure:22 represents ,

a. well connected network w1th a marked difference in the degree of
»;connect1v1ty among the varxous centers. On the assumptmn that a’

_ ;lh1gh degree of connect1v1t)r provides a ,h1gh degree of access1b111ty.
'jone may state’that the places thit have a large number of: strong

”‘connectmns are ‘more accessible than those that are weakly connected

,‘fi‘t the network‘ Each new connect1on that is 1ntroduced to the network
‘.;?"has an" nneven effect. on the system as-a whoie. 'I‘h1s effect is strong
i_at the two pomts d1rect1y lmked by the new connection and weak at -
the ;placves_‘ v;that’_“'avre,_» far re‘m‘oved‘ from it,

P In analyzing the ‘yconnecti\.’rity' of the tr‘anspor’t networkm |

“8yria, tWo main points-are examined:

© 1) Total netwotk comiectivity at different stages of develop- -

), Ghanges in connectivity of important urban-centers through


http:notions-.of
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of a‘ number of 1mportant urban places have decrease re1at1ve to the

connect1v1ty of the whole'network wh11e other places that were poorly :

connected 1n 1920 1ncreaeed 1n relatwe 1mportance by 1963 Th1s rmght be

partmularly true in the case of the port c1t1es of Syr1a wh1ch, though relatwely

umrnpo tant before the part1t1on1ng of the regmn, became the country 8 maJor

i fter.‘ ndependence, handlmg a large port1on of 1ts 1nternationa1 trade.

. a.m.ei'zmcreas,e}:ln ceela,_t,lvte‘ lmport?ncefmavr.:ibeeea:pected;to;.occur at the- :

urban places of the noftheastern part of the country.where Syria’s recent

increase in agricultural production for export has taken place.



CHAPTER VI .

measures 1n"'bh1s analys1s of the connect1v1ty of a part of the 1nterstate

Ny'stuen and Dacey4 used a number of mod1f1ed graph

the : ;uas' res: to'f examme the nodal structure of reglons by we1gh1ng

urportmg to measure the varymg strengths of the

Py 1For a deta11ed study of the uses of graph theory see Claude
V-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),

) 2W . Garrison and D. F. Marble, *‘The Structure of Trans-
portatmn Networks, '* unpublished report for the U.S. Army Transporta- - =
tion Research Command, Transportatmn Center Northwestern Univer -
s1ty (Evanston, 1961) ’

, " 3W. L. Garrison, “Connect1v1ty of the Interstate H1ghway System
;Papers and Proceedings, Regmnal Sc1ence Assoc1at1on, Vol. VI (1960),
'122 137. Rk ‘ :

4John D. Nystuen and Mrchael F Dacey, “A Graph Theory Inter-
pretatmn of Nodal Regions,'" Papers and Proceedmgs Regmnal Sc1ence
}Assoc1at10n, Vol. VII (1961) o




;mteractmn bet\n'ee””}?urban centers ' ansky5

exa.mmed: a lar ge;number -

ff{':"of graph theory mea es"and analyzed the relatronsha.p between trans

f’port network'_ ‘and;economa,es both on the regmnal andinatrona.l scale.

:These .st‘tluhes prov1ded'va clearvdemonstz at1on of the usefulness of apply-

';'_"_ mg graph theor;t measnres 1n exammrng .the spatlel aspects of transpor.-;v if‘t
‘ ta.tmn networks . i : o
. | In 1ts natural form, graph theory is a bod;r of mathematxcs that

' eiammes the relat1onsh1p of po1nts and lmkmg 11nes In 1ts a.daptat;.ons
v‘to transport network ana.lys1s, the pomts may be looked upon as the nodes

; of the network, and the ]‘.mesras the road segments connectmg the nodes, g

‘_In th1s fashmn any network under cons1derat1on is reduced in shape

;:-‘from 1ts actual form (F1gure 23a) to a simplified form, w1th its s1gn1-'f-

f‘f‘:f‘rc":ant: Ar_op,ert:.e“s,1e£_t~1ntaot (Figure 23b).

S K J' Kansky, Structure of Transportation Networks, Depar_tment
;of Geography Research Paper No. 84, University of Chlcago (1963)
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"k'mat "ematxcal tool re atmg the vert1ces of the network to 1te edges., Since

',f‘edge and vert1ces may be represented 1n a var1ety of ways, dependmg '

z‘iupon the a1m‘of the study, they have to be defmed pr1or to any 1nvest1ga-‘;

?j"‘tion’"‘"f‘-The vertlces may be representmg urban centere m one study, -

f‘___‘whﬂe n another they may 1nc1ude any pomt where two lmes intersect.

Simxlarly, edges may be represented in many fashmns. In one case they

{‘{may‘ be representmg the road connectmns, wh11e in another they may be -
;representmg d1stance or travel t1me between two pomts, wh11e 1;1 st111

‘j'[other cases they may be cons1dered m terms of trafﬁc flow. The graph

j’,_‘}‘imay be d1rected or: non d1rected 1nd1cat1ng whether there isa reflexwe /
| ‘f,,lbwi‘?rfﬁgla,tis’nship: bé.tweennthenocl"esr orfﬂltv may be 9°nne.c.t.ed-r?r discon-

“nected, etc. -

Measures iof Network Structure =

wo: graph'theoretic measures are used to give numerical values’

to'the structure of the transport network of each unit of study. The first

‘ of these two indices i the theta index,®

_where M represents the total miles.of which the network is comprised -

o ‘f,f’The notatlons used in th1s sectmn are based on:that of prev1ous
g geographzc studxes. For a discussion of various graph theory indices,
}-ff‘:'see Kansky, 2.c1t. -


http:there.is
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",'k

» kfand V the number of 1ts vert1ces Th1s 1s an: mdex prov1dmg mformatlon;;,j

f’fconcermng the layout of thenetwork, the m11eage of the network, and
.,.the connect1v1ty of the system F1gure 24 shows three d1f£erent network

- "structur.es i

)
M = 75 M = 105 M = 175
'V o= 4 V = 4 V = 4
0 = 75 =18.75 0 = 26.25 0 = 175 =43,75
4 T4
24a 24b 24c

Figure 24, MEASURING A NE TWORK STRUCTURE

' \F‘iv’g‘u‘re '.'Z'4a» "shows a r’xetwork with four vertices and tw'o,e‘dges' totaling 75
rmles, ‘80 the 0. mdex in this case is 18.75, F1gure Z4b shows that an |

: "a.dd1t1on of a 30-m11e edge to the system increased the value of: 6 to

."26 25 and F1gure 24c shows that a further add1t10n of a 7O-m11e edge ~

mcreased the value of. 9 to 43, 75 Th1s shows tha.t d1fferent combmations




= 125 .

= 9

= 4

= -];_Z_é. = 9_6

 Figure 25 { EFFECT.OF EXOGENEOUS [JFACTORS ON THE STRUCTURE
: (OF A NETWORK -

):

};';;The"-'effects of two factors that are beheved to- 1nf1uence the structure of

the" network tha.t were not included m determmmg the value of 8 are taken",'

sinto ¢ C.On?ldﬁ.l‘at_lon :Whﬁn;fc.dmr?,utl_pg :»the-,valu'e, qf i. The firstof thes¢


http:first.of
http:included.in

1‘,1ncorporates the 1dea tha.t a connectxon to. a first order vertex has a

l::‘dxffe‘rent ,effect on the .«;s‘ystem than a connectmn to a second or. third

I‘he second brmgs in. exp11c1tly the 1dea. tha.t the ‘conneo-‘:
f't1ons‘ cro!sls'mg the boundary‘ 11nes from the surroundmg areal umte
':A'1n.ﬂuence the structure of the nethrk tv1th1n the. spec1fic area under
| c‘ons1derat10n.k 'i‘he we1ght1nAg.of the vertlces is done arb1traril;r with
a value of 1 aess.gned ‘to a £1rst order vertex, a value of 2 assigned to
.a second order vertex, etc. The vertices We are similarly weighted.
As in the case of o, higher-values of i are expected for more
developed networks, e.nd lower values are expected for disconnected or
for simple _networks.
It is felt for the reasons already stated, that the i index will
portr'ay'a closer picture of the relationship between the network structure
and the population, eeonomic. and physical characteristicg of the area

than the 8 index would.

Measures of Network Connectivity

1 AnOther fashion in which graph theory .concepts are used in net-
work;analy’sis“is -to.re‘duce the graph to a matrix of connectivity (Figure 26).
’I«‘hié ie'fldon‘e by cdnstructing a matrix in which the 'wj"ertices that are
connectedto ‘one a'nother.:are, indicated by unit elements, while vertices

that are not eonnected are indicated by zeros. The matrix is then powered
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-
o
o
o

Figute 26, REDUCTION OF A’ NETWORK TO A MATRIX

b "z-yf-exammmg bas:.c measures of the structure of the network for any

.;desired date,, past,preeentor future Th1s 1s based on the fa.ct that as’

:;,new connectmns are added to the graph, the value of the connect1v1ty

s ng, 5, not only tha.t of the two vert1ces concerneda but the

.;)vertrce: of . the whole .system Cons1der, for example the graph i,n

;}fFi gure 27 't"v.hae s1xvvert1ces a.nd fwe edges connectmg them F1gure

"‘-:Z ’b.,represent th ,connectmn matrxx of the graph, and F:gure 27c us

its matrix of connectivity.



27a “ 27b

o . Connectivity - * Percent of
Connectivity Matrix. - Index . Total Connectivity
AlD 5 0 4 0 1 ... 10000, A X ]
Bls 0 9 0 5 0 ......o. 19182
clo 9 o0 .10 0 4 ... ... 230 inn2)
D{4° 0 10 0 9 0 .. c... 23, e 22,1
Elo 5 0 9 0 5 .........09....., e e....182
Fl1 0.4 0 5 0 . ..oeeeenldoiiiano .. Ce. 96

. Total.Connectivity 104 -
27 o 21a 27¢

F1gure 27d represents the connectnuty 1ndex for each verfex and F1gure

-27e the percentage of total connectiv1ty 'I‘he results show that vert1ces

»V.A and F have the lowest 1nd1ces, w1th 10 and 9 6 percent of the tota“ ‘ connec-

,’)v i

f ';t1v1ty for each of them. .;"'I‘h1s is what we would expect. as; A and F have

*.ionly on‘ '%edge, each connectmg them to the system Although vertmes B,

B

(tvC D and E are connected by' two edges each, B and E have an 1ndey of



tl 11)’1113-l‘lxa.ndtheconnect1v1ty' index'matr'ix re‘speé-tive‘lv'y, of ‘the h'e\'iv

graph F1gure 271 reveals the changes that have occurred to the connec-

t1v1ty of the gra.ph by the mtroductmn of the edge between D and F

g Connection Matrix
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L Connect1v1ty . Percent of ,
Connectivity Matrix. ° | Index . Total Connect1v1ty
20 \1 1 . ; o jn 0'00 Z. 7 . U /o'.‘c- [ ;’-.: o ..": o e . e 5 6 v' ’

1 SR SN ST RS SRS R M IS S 9 7
T T zz P d
D3l 250

1L B 6 T 6 e Zb e 2009

o
(Y]
™
o
o~

D1 B 6 6 T e 26 ... 2009
" Total Connectivity 124

| 27h : 27 : 27

Figure.27. EXAMPLE OF NETWORK CONNECTIVITY ANALYSIS

The firstleignificvant,ffact-is that the total connectivity index increased from
"1’6;4'rinthe‘ 'first caee to 124 in the second case. Anothe: result is that even
'fhouén~nofhing'new was added to A, B, C, and E, their values, as well as their
, rankwere égffvected the same as were those of D and F, which were direcktlyv
_concerned w1th tne'«cha'nge..

| V eitex\A remains the lowest within the syetem, with an index of

7,56 percent of the total connectivity, a decrease in relative importance

1tsprevmuspos1t1on Even though B-and E had the same Vaglue -

the fihéi*'oducfi’on of 'the"-connecti'o'n between D and F, ands.even‘fhou'gh »
d"" e:ctly affected as far as actual connectmne a.re concerned,

v has.an m:ex of 26 wh11e B has an: 1ndex of 12 Thm is due to the -

I::;:Eact that E:is now: ;connected to a second and to. a. thzrd order vertex, wh:.le

‘B'remains aconne‘ctedgto;a_,;o‘ne and ‘;to a*two}'o‘;r'der, yerte’x. The;r"relatw‘e%w_ h



f‘fthzrd and. econd orde vertmesl,ﬂnamely’ Dv and B V,ertex:_F .» Wthh shared.' :

2. lowest position: with A in’ the £1rst example, 1ncreased from 9 6 percentfi

4020.9 - percent °f"the":t°t%1.i§¥9°,nn,¢cti.\"ity*dug‘t °  ‘FhE;ir,i,tm' duG(tmn;qu'- thea}léw
‘edge: joining'it to'D

The above:examples demonstrate.a techhique which enables the '
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oasible changes based on the given
changes that may: feault due to the change/in thie accessibility of these. -

‘urban placos;
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CHAPRTER VI

EMPIRICAL VERIFICATIONS

In th1 s chapter the hypothesmed relat1onsh1ps concernmg the -

"structur of th road:network 1n~._Syr1a ;1s‘ emp1r1ca11y tested Th1s is
rst obtammg measures for the structure of the network to be

ed as dependent var1ab1es and measures of populatmn d1str1bu-

.tlon econom1c act1v1ty, and some phys1ca1 factors to be treated asg: mde-

pendent variables. . The second step is to relate in: turn the dependent

1ables to the mdependent vanables m order to determme the relation-
ex1sts between them. In those cases where the relat1onsh1ps

f‘are;sxgn‘"f'{ :_antly h1gh 1t 1s posslble to state that the hypotheses are

v'acceptable ivwh11e conversely, those relat1onsh1ps that are low refute

;the hypoth ses as stated Multrple regressmn analys1s is used as a

l_ftoolto measure the degree of stat1st1ca1 correlatmn between the depen-

'{jdent)yar’iables_v,chsrderedirn 'tur,n,‘and a__nu‘mber of 1ndependent var1ab1es

‘considered simultaneously. .

R Variablag s
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kfor ea.ch umt, on "'*set representmg the structure of the pnmary roa.d net-

:w; rk, and the other‘ representmg that of the road network as ‘a whole.. A.:

tote.l 7of foulr structural 1nd1cesbwere computed In addltlon to these depen-
‘zdent var1ah1es, ezght 1ndependent var1ables that were consrdered to be |
releted to the road network were obtamed These ‘elght var1ab1ee pro‘;\ded,’
quantite.tlve va.lues for the three factors that were hypothesmed to be
rela‘ted to road network structure:
Population_ fac_tor
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 im;ex

8) . Surface configuration index

. ‘1‘,.' ‘,‘Population: index: This was obtained by ac'ld‘ing up the population

. ofeachmmor ‘c‘exisus unit for each of the 42 Qada.

“ ‘k».,f"_‘if".?;;.‘i";k'gri'cultural' index: This was arrived at by totaling up all the

- tonnage ffof %»agrjcultural products grown within. each of the Qadas .



'v,!fimp e that the number and the s1ze of 1ndustr1a1 burldmgs 1n an area

_""reflected the: amount of 1ts mdustnal productmn

e i Trans1t movement mdex" S1nce there were no- ongm-destma-

"-_ 'tio'n'xs:'tudies of the movement of'goods' in Sy,na‘, nerther ona natmnal nor
f{:mternatlonal bas1s, a rough mdex was worked out in the field by observing
"the ma_]or routes used by carr1ers handhng international trade and by

',1nquir1es at maJor customs centers at the boundanes Since no figures

j.i;were obtamable, a quahtative var1able 1nd1cat1ng the presence or the

':'fab,fsence.jlot’;mternat_ronal tradecrossmg each of the Qadas was obtained.

5 ;Railro'ad{comp"e‘titionaindex: This was another qualitative

var1ab1ewherethewelghtmg was assigned on the presence or absence

- of railroad lines within each Qada.

6 "‘Si"zef‘vindex: Thts’was obtained by calculating the area of

:“v}each of the 42 unrts. o

7‘ Shape mdex In é’r_aph:theory there?~exists an idea that a. |

f’,f?measure of network structure 1s affected by the shape of the graph where

j!.f"he network is located Th1s 1dea was. mcorporated in th1s study to exa- |

_L;f;mme 1£ the structure of a transport network is. affected by the shape of
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. the s 'i‘eai.f:'in'.'.whiéh | it:ﬁis‘f-lb“c'até'dr . ,-‘Baé"edi on. th’é'iéboife;- 'staterhént,i 'it is, ex-

.."28a) would be structurally d1fferentfrom that’ of an elongated area’

) {(Flgure 28b) ThlB feelmg, shared by a number of geogra.phers1 dealing. |

28a. Circular Area 28b. Elongated Area

l‘ ‘\
| l
\ \
\ I
| |
| |
' /
LV

F1gure 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:unde’r consideration. In essence this index was designed to

i‘ndi‘_c:e,‘te?how ciose each of the Qadas were to being circular. The center of

. lK J . Kansky, Structure of Transportation Networks, Department
“of Geography;Research Paper No. 84, University of Chicago (1963).




(Figure 29)

The“center of ‘mass, ba.nd the erea of each ‘ofA the subdwmmns were calcu-
l'atetl,‘ and then the eehte.r .ef mass of ‘the ‘whole area was obtamed | Thm B
”was doyne by ﬁrst ca.lc‘ulatmg then 'en‘ter o‘f rhass m‘relatmn to the Y |
axvxs‘ usmg the £ollov¥r1hé relat1enshré | N

”é-al’& B

‘ 1

" where y “was the center of mass on the Y ax1s, a\1

was the“‘ar SN

i-of the: subd1v1s1ons X wasathe d1stance of the center. of ‘each o
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;jsubd1v1s1ons on the X axxs jti‘and'A"‘ '{was ‘the a' a“ofl the whole‘ umt

§S1m11arly, the center of mass'?m relat1on to the X ax1s was calculated j

'usmg the followmg relat1onsh1 :
2 alY1
Ay
,Whe'r‘e:-‘fiwas the center of mass. on the X axis; a'. Wae?ijthe'a‘rea?of the:'
ismall d1v1szons, y1 was the d1stance of each. center of the subd1v1s1ons

,on“the;:Y}:a:.;;ﬁ‘i’e,;'and.Aifwas:the total area of the unrt. The center of mass

ofthe whole unitwas' then located at the intersection point of the two
centersof ma’s[s,“ on: the X and Y axes. The smaliest circle that contained
thewhole areawaS»“then-'draWn, using the center of mass as the center
:o;f' thi’é:'-.‘ci'_rcle.

B The area of the circle was then calculated and a ratio of the
a,ctualarea of the figure under consideration to the area ot‘ the circle
wasobtamed The shapes that were nearly circular would then‘haire_-.,low
‘ rat1os . eince the _difference between their size and that'of ‘th’e, Yt.he ‘circle ,

lcontammg them was small (F1gure 30), while the rat1o of the long, narrow _

1.'::area's would be large (F1gure 30b) In order to remove the effect of

“-gize the shape mdex was normahzed by d1v1dmg 1t by the total area of

. the-unit."..In thrs fashmn, two umts that had ‘a sn'mlar shape but that were

chfferent in; slze.would have the same 1ndex of shape. ,
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Figure 30. MEASURING THE SHA®E OF AN AREA
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8., Slope: The slope index was calculated by taking three cross
: aectmns a't1""1“101’1113‘31'03'5‘*"ChOf ‘the ﬂ42,'\in.i.f8_;6lit1inevd on t’opb’grapﬁi’d

mapsofSyr1aw1th50metercontour intervals (Figure 31), -

Figure 31. MEASURE OF SLOPE

The cross-sections werc then measured and the number of contour lines
that each of them crossed was counted. A ratio of the number of con-
tcur”llines 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?with;a complex local relief, while low index values represented

areas with little variation in local relief.

R’eg‘réééioﬁv.Analysis' :

 ‘ : .—/',Ii‘lhéj;4j"dépq;nde,ntland 8< independent variables were tested to de-

" termme1 theywerenormally distributed so.that statistical tests of -
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A

/;..;and f1na11y 90 percent of the total var1at1on was explamed by a11 the 8 1nde-

; pendent var1a.b1es 'I‘he same readmgs can be taken for Xz, X3, and X4
The second step was to test the s1gm£1cance of the four fmal coeff1c1ents

"fof mu1t1p1e determmatmn wh1ch were found to be acceptable at the 0.1 per-

"fcent «leve 'of | s1gn1f1cance. 3 L

Table_'lz shows lthe var1z" nce_ratms whxch were used to deter-

j!"‘-\mme the’ s1gn1f1cance of ;the mcrease m the explamed vanatmn that was

’v"’ar1ah1e The values thatfa.re marked

k “The 5 percent level is usually cons1dered s1gn1f1cant, wh11e the :
:‘-,1 percent level is considered Lighly s1gn1f1cant.. When a re1at1onsh1p is sa1d '
'to’ be significant at the 0.1 percent Jevel, the 1mp11cat1on is that one time out
"of a thousand a value of RZ th1s h1gh w111 be obtamed 1£ no relat1onsh1p in
“_jfact exists.. : : » . ' =



TABLE 11

‘CUMULATIVE MULTIPLE COEFFIGIENTS O¥-Di LK MINATION -

pulation = culture - facturing Transit Railway Area Shape Configuration
X5 - Xe . Xt ' . Xg - . X9 X0 Xir .- X

g s 6 57T 86 86 .90

‘i Primary R27 0L .20 .46 .46 47 .19 800 .84
® Total R2- .02 ~ .35 37 .38 40 .83 .83 . .88"

iTotal . R% 003 T 3¢ .37 - .38 .38 .80 . .81 .88

201



. TABLE 12

Agri= 0 Manu= 0T o e
ulture  facturing.  Tramsit = Railway  Area Shape
Xe o Ko Xy X9 Xy

x ey

B.akE: 2% 00,0002 0.067

14 07 0T

Significant at the 5 percent ievel. .

## Significant at the 1 percent level. -



Interpretatmn of the Results
The f1rst s1gn1£1ca‘tresult obtamed from the analysm is: that a.11}j ;

4 dependent var1ables are h1gh1y correlated thh the chosen mdependent

var1ab1es Thls 1nd1catest-that there ex1sts a h1gh relatmnshlp between
hgpthkprrrnar'yt and?t'o‘tal' ne_th_rk. structnrej on the one hand and the 8 indi-
cators on'the Gther.

- Ccntrary.itc;earlvier notions that the i measure may be more |
accurate than the O 'rneaenre, the second result shows that both measures
Oand 1 areiihighl};-'ccrrelated v:1’h the independent variables. DNuring the
fo'rrnn'igaticn‘off the p’rcb’lem it was felt that the i measure which took into
c,‘o_n'gh‘ideration;some of the effects of the surrounding areas, might be a
moreexact mea’sure than the @ index. The results of the analysis do not
substant1ate ‘thlis nction. This may very well be due to the fact that the
effectsof the;'v's\urrbl.}nding areas on the structure of the area under study
arealready reflected in the network, and that when the 8 measure was
computedth1s effect was picked up by the measure.

v'(‘)ne of the surprising results of the analysis is the fact that the
ccrreiation between the structure of the network and the distribution of
p'cnnlation~.i'e -‘qui'te low, ranging from the highest value of 12 percent to
a]ow of ’(")'.'063v'p:ercent. Investigation of thie fact, however, reveals. that
m Syrlathere 1s a'tqw degree of m'obrility_among the‘,ma"jovrity of the

population and that this low demand:for means: of mobility on the part.of.
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n Syria-is- among «the;lowest ten countnes m the world E 'I‘h1s result,

:T“ ,_13 contrary to the fmdmgs of Pefer Gould in Ghana, where popu- :

“"};’L-latmn 13 h1gh1y correlated w1th road development explammg about 50

~;;jpero'ent , of;the’;var;ation in r,oad : vdeve‘loprn‘ent o

: :i-“The':‘einp'iriEal 'vefifiéati‘on; of rthe variation in degree of popula-

f'_‘tmn mob111ty among developmg countr1es wh1ch 1s obtamed from this

‘fistudy onducted m Syr1an and Gould 8 study conducted in Ghana, are in

; ';vavgr:eement:iw;_th':Owyen_ s"_f‘,mdrn‘gs'; in h;s study, of mobility thro’ugh’out the

wo 1d whereheshowed thatGhana has a higher passenger mobility index

‘i.ithan*_-doé’é ."ASyr'i'af’;'iindioatiné*that"’there exists a variation: in the degree of

mob111ty amongv developmg countnes

Agr1cu1tura1 productmn is: h1gh1y correlated w1th road network -
;g;vét,riie_ture,g,bot_h‘,'pr_xmary (and.vtotal, r;etflec_t,ed fhythe s1gn1frc,ant v1nc.rease-

of the four measures when the agricultural index -was introduced

VE4W11fred Owen, Strategy for Mob111ty, The Brookmgs Inst1tut1on, :
1ngton, 1964). PP-. 14- 16 .

: 5Peter R. Gould Transportatmn in Ghana, Northwestern U, VRS -[:j
'ersn:y “Studles 1n Geography, No 5. (Evanston, Ill1no1s), p. 111 o
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i o S Al ks i Sind et B ),
The 1n1:roduct10nof th"‘eb'in('iex‘ r’eff‘ese'.lflti;lvg the ma.nufa.ctufing- :

' act1v1ty f_’b‘f‘;the counfry_"p‘rit‘wiktziés' a moderately significant inc’r‘éavse in the

| caseof the \pi'in‘fxa;'y ﬁe’cWork measures, but fails_ to provide an acceptable
iﬁci%é,a;s'e- foﬂr, the 'gqta'i network measures. Thé moderate relationghip
Be‘{:w‘e'en. r;et\}s/ork structure and industry compared to the strong relation-
'éh_ip bgtvs)een agricglturef and network structure confirms the notion that
Syifi’a."s:‘ agric’ult:uré.l production is the country's most important economic
activity.

‘In-comparing the correlation of agriculture and industry to road
structure, one ﬁn&s that ;L-griculture has a high correlation to both the
.prima‘.ry[and the total road ngtworks, while industry has a moderate
éo;relation= with the pfimary network but very little correlation with the
't?tlal,h,e\twoi‘k. This b:ings out the difference in transport démands of an
’, a.grlculturala.nd an indpsitriarl.economy. In.an agricultural economy,

. Where .f}ie._latg;:;’iculmrglb"ag:tivity is carried on in a dispersed spatial setting,
Y acomplexroadnetwork com}idsed of prim'a.xv'y,, sec opd_ary and ;te;rtiaf.r y |
connectmnsmrequxred m order to Vgéffi(:iiently‘ ~pro§uce 'é.r.id'ijm'afrkéttagi'i- ‘

" cultural products. This is in contrast to the transport démand of industry
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»'and demand: ar"'“h1gh1y concentrated and-are.m atly depender

on an efficient. pr1mary road network, and much ess, ;depende "t .on secondary‘

,ffand tert1ary road connect1ons. S

iThe .1ntroduct1on. of the mdex’rel:v)resentmg the movement of
f"}l&transrt V‘go‘oda acros.s the country h‘a‘e‘a very small effect on the coeff1c1ent
of determmatmn,‘ retlectmg the very low correlatmnbetween movement

" 'of t'go.ode’ in v-'transit and network structure " This is ma1nlyr due to the fact
_:that most of the. trans:.t goode passrng across Syrla are traneported by

' rarl .and have very 11tt1e relatxonsh1p to the development of the road
)ne,twork‘ Another reason for the low relat1onsh1p may be the fact that
‘»:,§Syr1aﬂd1d not take the pattern of flow of' transit goods into consideration

‘ .._i'n;:i‘tsv;}rec:ent dev’elopment.-olans.

s Themdexrepreeentmg railroad competition provides a negative
.‘.“vaiue-f‘ota“the~:‘tre"‘g"(r/es"s"i'on-"t:oeffi‘cient, which means that the presence of
"}_‘rarlwavs thhin a certam area is. 1nverse1y related to road structure,

.?.?;portrayxng the compet1t1ve nature of roads and ra11roads However, the

'v:»,_}mverse relat1oneh1p 18 very weak and the 1ncrease in the value of Rz

after the mtroductmn of the ra1lroad compet1t10n index is not s1gn1f1cant.

‘=Th1s umay be due to a number of reasons- (1) -Since the ra11road syetem

i"’Syna is very 11m1ted 1n extent and 1s fragmented by poht1ca1 boundarles,
‘portance compared to the structure ‘of the road network may be very

:g_»"-f,_i;small ; (2) the mea sure of ra11way compet1t1on wh1ch took into: account



jff-;the presence or absence of ra11 11nes may not have been the best way m
:£Qh1ch to examme the effect cf ha:.lroads N | |

The 1ntroductton of the area mdex to the analysxs brought about
.a e1gn1f1cant 1ncrease in the value of'R% in all cases. This supports the
fact tha.t the' size of avgwen area has a high relationship to the structure
of the network thet develops within that area.

The shape index produced a positive value of the pertinent regres-
sion coefficient showing that a circular area, which has a low index
value, requires a simpler network structure thanan elongated area to
serve its'traneport demands, other things being equal. However, once
again the relationship is very weak and the value of R2 does not increase
significantly with the introduction of the index of shape.

The index of slope is inversely related to the structure of the
road network which means that a rugged area has a simple network while
an area that is flat has a relatively more complex network. The increase
in the value of R2 after the introduction of the surface configuration index
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 theyx examined the relationship between road network development
and a helsjvtile[environment and found that **. . . the inclusion of difficult

terram in‘;theji‘e;nal.ysis,‘ does not add greatly to one's ability to predict
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arising the results of the relationship of the network

v:.:;rs‘trugt‘ufettbi'?th’é hree major factors of.».popuia'tidn;‘-'éé'c‘»nomic*ac’tiv{ty,-f A

and 'physmal factors‘ 1t 1s ev1dent that econom1c act1v1ty and :

:"fithe physlcal"factors used' are strongly related to ne work structure,

L;‘:_,:wh11e populatlon d1str1but1on 1s weakly related to network structure except

’ase of X1 where there is a s1gmf1cant relat1onsh1p
o ’I‘ABLE 13

GROUPED VALUES OF THE. COE FFICIENT OF
o DE .LERMINATION o L

:“'gpcb','pj‘y",‘l?,ﬁon' . K EcqnqmibAcﬁ_ﬁtyt -‘P'hysical Base

S0z ©0.45x 0.33%%

0428k o 37**17'

*Acceptable at the 5 percent level of s1gn1f1cance :
**Acceptable at the 1 percent level of s1gn1f1cance

B 6Edward J. Taaffe, Richard L Morr11 and Peter R Gould. ,“Trans-'
,;ﬂport Expansion in Underdeveloped Countrxes A Comparatwe Analys1s "
The Geographical Review, Vol. LHL N° 4’ 1963 p 519 |
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f;f‘Analysm of the Res1duals from Regressmn

The expected values for each of the dependent var1ables are’ cal-w‘;

't:tifléiﬂte‘dﬁ,with‘ th‘ez use 9f, tl}e‘ egtimating equa,tionﬁa'n,d -'the‘n“icomparred to

fzthe ac“tua‘l' value‘s , ofﬁf e‘aéh“‘e‘n’tf y f'T‘he :d'if‘ferenc,ev":b'etweeh‘th'e ‘,two 'r"r‘ep‘ré"-r
’.,‘s ent the res1duals from regressmn In the cases where the expected

'ff'values«.gare less than the actual ones the re51duals are negatlve, wh1le N

R ) the cases where they are larger than the actual the values of the

_".res1duals are pos1t1ve The residuals are then broken down into five

7

'fgroups usmg the standard error of the estimate’' as a criterion of

: clasmﬁcatmn and plotted on maps (F1gures 32, 33, 34 and 35).

As the correlatmn between the dependent and the independent:

var‘iables.'is ’high,’ ra’ngin'g between 84 percent and 90 percent, it would be

appropnate -'to;savlthat most of the important variables that are related

tothestructure '.o'lff_ thej-r‘o’ad network in Syria have been identified and
1ncorporated ;intb’thei study., Based on this assumption, the places that

have low negative residual values can be identified as-those areas where

‘ ’aflag:,ln'the development of the road network s.tructure.-,,while :

f,'theia.v Las that have h1gh pos1t1ve res1duals are those where there 1s a

’;lead 1n»the development of the road network In th1s analysxs more atten-

:.}t1onl1's'f;le"f'?:.to;ﬂthe_ 'a,r‘eas_,wh_ere' a lag ex1‘3’ts,‘ than Ato;_the_;‘_areas wh_e‘r\_e al

b . P S . Tl ‘ ru’...,

S 7The standa.rd error of the est1mate indicates that one may expect thef;
f'est1mate value to be within one standard error of the actual value 68: per- S
-percent of the time, within two standard errors 95 percent of the time, and -

' three standard errors 99 percent of the t1me.» -
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may be looked upon .as.*slmply complementmg or supplementmg each

-other. Under th1s assumptxon, the areas of low negatlve res1duals from ,

F1gures 32 and 33 are grouped together and plotted on a new map

(F1gure 36), wh1ch pomts up those parts of Syr1a that have a pr1mary

;network structure of a lesser than expected magmtude, based on. the
underlymg a‘ssumptmns of thls study 3 |

| It 15 clear that certam 1mport dlstncts are 1ncluded in this group
‘such as the .Al Lat1qu1ya area wh1ch contams the ma1n port in Syr1a
dther areas in, th1s group are Aleppo, Hama and Homs reg1ons whlch
are among the country s most densely populated areas and most produc- :
: trye agr1cu1tural reg1ons. St111 other areas are: the newly: developed agr1-

3_cultura1 area of the northeast. :

‘the ab ove"r‘ﬁeﬁtib’ne d:maps tha t ha_f_/_e low 'ne gatn'/ e ;ar,e 8 1:dua l value s’. fo r,‘f ;the -

tota.l etwork,, and that maybe 'f’c‘on‘s:id'e‘re‘di as A.AhaVing'l‘e s‘sf tha

:“structural,md1ces,based on the already d1scussed underlymg 'assumptmns}.ﬁf;


http:plotted.on

s

1, Damascus 11, Salamiya 21, Al Bab 32, Al Kamishli
2. Douma 12. Misyaf 22. Jarablus 33, Deir-ez-Zor
3, Zabadani 13, Al Latiquiya 23, Irin 34, Abou Kamal
4, Katana 14, Banlas 24. Ain-cl-Arab 35, Al Mayadin
5, Al Kteifeh 15. Jableh 25. Manbij 36. Ar-Rashid
6, Al Qneitra 16. Al Haffch 26, ldiib 37. As Suweide
7. An Nabak 17. Safita 27. Jisr-esh-Shaghour 38, Shahba

8, Homs 18. Tartous 28, Harem 39. Salkhad

9. Tall Kalakh 19, Aleppo 29. Maarrat-en-Nouman 40, Dar'a
10. Hama 20, fzaz 30. Al-Hasakch 41. lzra

31. Ad Dijlah 42. Feck

| & ‘ Q25 S0 75 ico
KILOMETERS

o _ —
FIGURE 36
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Most of theareas that appeared in Figure 36'are also included in Figure
37, This points to the fact that most of the same areas have both a lag
m jﬁ_;e strut.tural déw}éiapn‘;‘ent of their primary road and total ro'a.‘d net-
works '.Ht‘mbreive,rf, ce;;té,in places that are included in Figure 37 do not
é,-_}:spé':é;r,.jip.fig_t;re 36, indicating that while no lag in the development of
thezr px':imary-:rie'twquﬂ exists, there is a deficiency in the structural
de’Qélqpmeht-of their séconda.ry 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 in Figures 36 and 37 represent the places where the struc-
ture of the road network is less than expected. This suggests that in

order to enable the network to meet its demands, improvements in the

structure of the road networks in these areas should be undertaken.



119

:Ana.lysrs of the connect1v1ty of the‘.transport network of Syna.

and cha.nges in the access1b111ty of urban places through t1me 13

f.«f‘fconducted. in two parts
1) Connectwity of the ra:lroad network

2) Connect1v1ty of the road network

Connectwrty of the Ra11roa.d Network

: As 1t has been pomted out prev1ously, the railway network in
Syrte. de;/eloped along‘ a’ regxonal bas1s pr1or to World War I, wrthout
eny pol1t1ca1 bounda.nes to 11m1t or block 1ts growth After the war the
regmn under discuesron was pertrtroned a.nd the present day: sta.te of
S§r1e wae created .Anelysrs of. the connect1v1ty of the ra11wey network
ie"ap‘phed to the eystervnvae 1tor1g1na.11y developed and the or1gma.1

1mporta.nt ra.11 centere a.r 1dent1f1ed The second pha.se of the a.nalye1s
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he-analysis was to construct a ‘matrix ‘of

connectivity representing the railway network during its maximum

“extent (Table 14). 1 -

TABLE 14

MATRIX OF CONNEC‘I‘IVITY FOR THE EARLY STAGE
' " OF THE RAILROAD NETWORK

123456789 10 11 12 13 14 15 16 17

VONov A BN
—
—

“‘*,'Tﬁééxé&miné‘d{k:eﬁtera are identified in the next table..

1,,Th19 was done accordmg to the d1scuss1on in.the second
"-; section of the part ‘which out11ned the uses of graph theory measures"
r._,ygeogra.phxc resea.rch '



'ect1v1ty of the;maJor urban centers was

: or the relatwe con

‘:obtamed‘ (;Table 15) The ‘va.lue were d1v1ded 1nto qu1nt11es and

‘plotted'on a map (F1gure 38) Analys1s of th1s map showed that Homs,
.;Damascus, and R1yak had the h1ghest 1nd1ces of connect1v1ty ma.kmg

them; the most access1b1e urban centers to the network as a whole. These

;jw.ere foliowed by Dar a, the rnam rail center in the south and Hama and
“_Aleppo,kthe unportant ra11 centers of the north The rest of the connec-
_t1‘ons on the-penphery of the network had low indices of connectivity
"1nd1cat1ng their 'rel_atwe _rsolat:ton: from the overall network.

| TA‘BLE 15

: CONNECTIVITY VALUES OF THE MAJOR REGIONAL RAIL CENTERS

: e City_' . , . Percent of total connectivity
1. Islahiyeh S 2.08
- 2.. Midan Ikbis = . | 4,78
'3; Aleppo 8.27
.4, Choban Bey 5,36
‘5, Nusaybin o 3.25

6. Al-Kamighli . . 2.01

7. Tell Kotchek - . . 10.90

8, Hama e 8.31
.9, 'Homs 11,22
‘10, Tripoli 4,52

11, Riyak 10 04
12; Beirut 521
13,5 Damascus 10 33
14. Dar'a , ,8 40
15. ‘Haifa - R o
16. Mafrak LB

{;]._"(;"."',A;,Bosra i CIBALY
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CONNECTIVITY OF THE REGIONAL RAILWAY NETWORK

. Tell Kotchek

Al Kamishli

3 Nusaybin

QUINTILES

: Choban Bey

Damascus

0 2 680
t - .
KILOMETERS

FIGURE 38
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iternational boundaries that came into being after

S.World War I drssected the network leavmg Syna 1thsmallsectrons o

or ra.ph theory terms sub-graphs, ’of the whole network The

f'ma '1x:of "connectivity for the pre sent day rail network m Syrla was

;’constructed (Table 16) and the percentage connect1v1ty va.lue of each
V*1nd1v1dua.1 center to the total network was obtamed (Table 17) and
:plotted on a map (Figure 39)

TABLE 16
CONNECTIVITY MATRIX OF THE PRESENT DAY RAILROAD NETWORK

L ©A0'0 1 OY UL N = |
'—l

B TGP e T S ‘1_ L T N i,‘-‘ ! , . o
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- TABLE 17

. CONNEGTIVITY VALUES OF THE MAJOR RAIL CENTERS

(1963)
Rail Center ‘ v 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. Dar'a 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 Cyhoba.n Bey, then Homs and then the rest of the centers,
moqtly isolated from the main system. These re‘sults were in gccordance
with the hypothesis that the present day rail network of Syria was badly
fragmented and that its efficiency decreased in comf)arison to the early
d_a.y,s'vof its development. It also revealed that individual centers that were
wgllj.cor(ine“:ctedf‘dquing the timé when the network developed on a regidnal

basis decreased in importance after the fragmentation of the country,



125

* CONNECTIVITY OF THE RAILWAY NETWORK (1963) .
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The connectxvzty of the ra11 network should mcrease

,sigmficantly once the Al Latiquiya-Al-Kamishh hne, which 1s now
. bemg built. is completed and when the proposed connection lmkmg Homs
.and Damascus is constructed. Table 18 shows the connect1v1ty matrix
‘ of the network when these two connections are completed, and Table 19
ehows the connectivity valuesi'or the major rail centers in Syria. The
connectivity indices are divided intoy.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
"‘ag’r_icultural area of the northeast, the port of Al-Latiquiya, and the large
urban’ cent‘ers-to the south. At that time Rakkah, the second highest
on\:‘:t;herconnectivity gscale, may very well become the regional center
oftheagncultural northeast, due to its favorable location between the
smallbutimporta.nt centers of Deir-ez-Zor and Al-Hasakeh on one hand
'.and_~~A1é§pg on \’the‘»"o‘ther.

The port o‘fv"Al-Latiquiya, now without any rail connections,
w111 have rarelativje;ly’high connectivity value on the projected rail network.
Th:.a w111 f',f%rr";‘;;':‘r_ease;it:e“acceesibility to the rest of the country, both to the

‘eae‘:t and :'t'oA‘th'e bsoiith’ and will put it in a much better position to 'serve

'th shippmgimovement of the country. This w111 also give it a strong

';locational advantage over the: port of Tartous, Whl.Ch is ‘being renovated

¢ vis new port w111 not have a ra.11 hne lmkmg it to the 2

restof the country.



5 TABLE 19

CONNECTIVITY#VALUESVOF THE MAJOR RAIL CENTERS

<~p(1970)

CRail Gemter

L " :, Pe rcent: of:;tgt‘al,l conne cfivity -

‘_‘Mldan Ikbis v
‘-'Aleppo B
- Al- Lat1qu1ya. L
' Chéban Bey:
.:-Nusaybin

"6y ~Al-Kamishli
7. Tell Kotchek
8. Al-Hasakeh

9. Deir-ez-Zor
10. Rakkah

11, Hama

12. Homs

13. Damascus

14, Dar'a

15. Bosra

RGN s |

10512
15, 25
©10.12
10,12
- L 74
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- The connectivity. of the railway center ‘in‘-the'"southi;remai{n'e

quitelow, and especially tha of'Damaacus th' nnportant ,urban and

t,economm center’of th~ area ‘This i 1th the poeitmn of

:Aleppo, the ch1ef r1va1 of Dama cus ‘whose po.s1t1on relatwe to the

:‘developmg ra11 network 1s veryadvan..a us m i s‘access1b111ty to '

':Al Lat1qu1ya, the country s mam port, and to the :meortant agr:.cultural

reg:.on of the northeast, where the country 8 larges ,port1on of export

'commddxue 8 cornes Afrom,“ .

‘Connecthty of the Road Network

ln th:.s sectlon, changes 1n the connect1V1ty of ‘the road network
bm Syna and mthe relatwe 1mportance of the connectmns of urban places
Zthrolugh t1me w1ll be anal,rzed Th1sA w111 ‘be done by.ﬁrst e:rammlng
_fthe network as. rt exlsted in:the early 1920'3, the f1rst decade of modern ‘
I"'traneport 1n th‘e‘c‘ountry', and then,by a;nalyzmg the ':pre’ sent d'ay; ~network,
and comparmgthe changes that have taken place. |

began to,fe‘volve._e The 'network that ex1sted at the t1me had not been

‘des1gnevd_ for motor use“ but wag' a. ombmatmn of 1mproved caravan :

’I‘he cond1t1on of;:the 1nd1v1dua1 roads d1d not d1ffer |

*much from one anotner, so that m th1s phase of the analysis all connec-

3."tionsrfiw,e-.fr‘e":asre.lgné.drﬁq‘.i?-l;'Wé;ghta:-‘:-;



The matr1x of connect1v1ty for the roa.d network that

‘); ‘{ex1sted in: '1920 was constructed 'I‘he percentage value of the 48

. f“:}mdw;.dual centers under cons1derat10n was. then obtamed (Table 20) )
-}ud1v1ded mto qumt1les ) a.nd plotted cartographmally (F1gure 41)
Exammatmn of th1s map showed that high connect1v1ty values were

’obtainedj'i"o'r the 'major urban centers of Damascus, Homs, Hama and

Aleppo, and for the intermediate points of Jisr-esh-Shaghour, Idlib,

'and'Maarr’at-en-Nouman. It also showed the importance of Palmyra,

Deir-ez-Zor and Rai;kah, 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, espec1a11y 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
: a‘s:; did th‘e port cities of Jableh and Tartous, while the port of Al-Latiquiya
,showed a moderate degree of connect1v1ty

Between 1920 and 1963 the road network of Syria developed on
‘_‘;a;;natnronal_ig:ather~_than regional basis. The connections that were

'%,,feon;“idered;ifnporta'nt were widened and improved, so that b‘y 1963 the

_ network wae" ‘\omposed of primary secondary and tert1ary connectrons.

VIn thrs phase of the analysls weightmg of roads was underta.ken 80 that



L TABLE 207 TR

ROAD CONNECTIVITY VALUES: OF' THE*’"‘MAJOR'_- URBA_,_};CENTERS

- Urban Center, Percent of total connectivity -

1y Ain Deiwar = - o T 0,006 0
. 2., Karatchok 0.001
. ;3. Tell Kotchek 0,006
‘4, Dmir Kabou :0.028
.5, Al-Kamishli 00127
6
7
8

6, -Al-Hasakeh 10.562: .
7. Ras-el-Ain 0. 201
- 8. Abou Kamal 0.517
.9, 'Deir-ez-Zor 2.306
10, Rakkah 4,083
11, Tell Abyad - 0,018
12. Ain-el-Arab . 0:078:
13, ‘Manbij - 0,331
14, Jarablus 0,313
15, Al-Bab 1.392°
16. Aleppo - l;,5 561‘
17, Izaz = . L 318"
18, Ifrin -0:312
<19, Rajou . -0:070
20, Harem o 1:248
21, Idlib S e 5.809°
22,7 1sr-esh-Shaghour ..,.5 023
23. ‘Maarrat- en-Nouma.nf‘ 5. 809
24, Al-Latiquiya . 1 266
i25. ‘.Al-Ha.ffeh I T 0.285
.,,26 Jableh - , :
27, Banias. =~ ;o‘szf'
’728.*,Kadmoua 10,552
29, Misyaf 2. 253?-;,
30, 'Hama 19.458
31. Salamiya = 6:720
‘32, Homs B A 367{,
33. ‘Safita - . 0,011 "
.34, Tartous = . 0049
35, Tell Kalakh 1,650
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'TABLE .20 -continued

"~ Pevcent of fotal omectivity

- 36, - Palmyra
38,
: 39 .
40,
41- .
42,
43,

2,
45,

47,
48,

Douma ' -

Damascus
-Zabadani

Sab Biar

:Shahba
"As-Suweida
‘Salkhad
‘Bosra

Dar'a
Feek

‘Qneitra

Sheikh Misgkin

19,158
5.322
7.095
1.609
1.609
2.101
2.204
0.125
0.547
0.125
1.609
1.609
1.609
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T unaryf Connection which'was mdre important thana; secondary

ir”te‘r't'iary ne also :h‘ad_‘a“higher,index." ‘The value 'ass1gneduwasﬁi:[‘n

lone arbitrarily with:an index of 3 g1ven to a prxmary connectmn,

L valde ofAZ given to- econdary 'connecta.on, and ar value of 1 gwen to :

Pterti‘ary conne.ctron Agam, thepercventage values fo
lrban.places was obtamed (Table 21) | Thesevalues.were then: d1vided
Lnto chnntﬂes and plotted on a map (Flgure 42) | | |
The £1rst result obtamed from the analys1s was the large
anrease m the total connect1v1tv of the network from 1920 to 1963 Thet
second result was the fact that the connect:.wty of a number of urban o
center’s 1ncreased between 1920 and 1963 wh:.le connect1v1ty 1ndex ot

certam‘ other centers decreased 1n relatwe 1mportance. Th1s change o

shown in’ Fzgure 43 where the left half of the c1rcle showed the
relatwe weight of the center in 1920 and the rlght half showed the -
value of the re1at1ve wezght qf the center in 1963 One of the s1gnif1cantf

results m the analvs1s was the decrease in- the connect1v1ty 1n a large

’number of the urban centers Ain- the southern part of the country, o

fespec:.ally m the case of Damascus wh1ch went down from the f:.rst

'to the second qu1nt1les. _ However, th1s was 1n accordance w1th the B

_hypothesrs hat the separat:.on of these centers from the coastal

‘r‘ :

towns by the "ntroductmn of mternatmnal boundar1es to the reg1on

fdr ,rupte'n-the development of the road network m thls are
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UTABLE 21

'ROAD CONNECTIVITY VALUES OF .THE- MAJOR URBAN CENTERS
. § (1963) A I

rban Center i s T Percentof , t'qt.al connectivity

" Ain Deiwar 0,021
Karatchok ’ 0,036
Tell Kotchek ©0.133.
Dmir Kabou 0,139
. Al-Kamishli 0. 323
Al-Hasakeh -0, 657_
Ras-el-Ain 0.319
Abou Kamal _ 0. ?_}1‘0
Deir-ez-Zor = 0.874
Rakkah | 1.514
Tell Abyad 0.644
Ain-el-Arab . , 0.311
~13. Manbij o 0.603
14, Jarablus 1,719
‘15, Al-Bab = 0.886
16, Aleppo - . 5.783
17, lzaz | 0.208
18, Ifrin . 3.180
“19. Rajou el R 10,075
20, Harem AR 1.327
21, Idlib s ' 2.696
22, Jisr-esh- Shaghour \ 4,732
23, M_a.a.rra.t-en-Nou:nan. 3,606
24, ‘Al-Latiquiya -2:570
.25, Al-Haffeh o 2,020
.26, Jableh I 1,963
'27. Banias - 3,731
. 28. Kadmous : 3.068
.29, Misyaf : 5,529
.30, Hama 5.999
"~31, Salamiya 2.368.
32.. Homs 8.651
33, Safita = . 4.970°
34, Tartous 7304
35. . Tell Kalakh '5.542°

.-

1
2
3
4..
.6,
T
‘8
9.
‘10

i
N -
- o e
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TABLE'21-continued

Percent of total connectivity

.~ 36, Palmyra
37. Douma
38, Damascus
39, Zabadani

40, Sab Biar

41, Shahba

42, As-Suweida

43, Salkhad

44, Bosra

45, Dar'a

46, Feek

47. Qneitra

48, Sheikh Miskin

1.662
2.372
3.321
0.818
0.464
1.246
1.583
0.650
0.826
1,013
0.144
1.891
2.023
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A ‘mformatmn‘: 1) that A1 La.t1qu1Ya. Whl‘Ch had become '

;;;a‘"busy por’t"smce 1ts completlon m 1960,: andlmg over one m11110n tons'f

;per year, («was‘not as we11 connected to the areas that 1t seryed as it
fiought to have been, 2) the port of ‘I'artous,‘ in the process of bemg
:‘:modernized and expa.nded, was we11 connected to the network and would
-thus be ina relatively good posrtion to serve the economy of the
;country, and to provrde the port of Aly Lat:.qu:.ya W1th compet1t1on for
Vhandhng the country s fore1gn trade.g_ o |

| Another result wh1ch was obtamed from the analysls ‘was- that

;'the connect1v1ty of the eastern centers of De1r-ez Zor, Rakkah Abou

:Kamal and Palmyra decreased m the past 40 years. ThJ.s was due f

vf_to the fact that the1r early role as m1d-po1nts on transport 11nes "

,‘,

fe 'diterranean Sea. to the reglons further east"'f'£3‘such as

“urbed and that they had become penpheral centers

'_" on a road network thatideveloped on a natxonal bas:.s w1th1n the last ;

j_two decades. The northeastern reg1on as a whole was poorly connected

"to the rest of the country Th1s was a ne , :y:developed agrrcultural

‘area where "‘a.larget;.' : ”ount,_ff‘ the _ _ountry's food supply as we11 as
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‘ost of its wheat and cotton for, export came from.  Therefore, -

‘arens ofiderand and o the Port of export g0 that speed of movement-

'and decrease in transport cost could oceur,.



CHAPTER IX. .

he ,tudy has exammed the’f" tructure of the transport network m

‘ec al"emphas1s~.on the’_ 1gn1f1cant drfferences in’ the develop-! .

ven of th1s, etwork from place to place The relat1onsh1ps between road .

network structure (both pr1mary network and total network) and the exght
factors which affect transport demands were exammed and descnbed
"Graph theory i‘ndrcesmwere used to calculate the complexity of the road
inetwork wh1ch wa.s then related to the 1nd1cators representmg populatmn
:idr'stv,ré;butron‘,‘:ag’rfcultural-p‘roductmn',“ -1ndustr1a1 productmn, transit move-
ment,ra1lwaycompet1t1on,area, ;ysh‘ape {a‘nd-“slope of the forty-Wo enu-

merat1on umts, usmg mu1t1p1e regresslon.

In the case of Syr1a, it was found that there existed a high degree
Q:oficorr’ela‘tmn betWeenf the \cor‘nplexa.ty of the road network-;a.nd,agr1cultura,1
':productmn, s1ze, and slope of the areas under: consxderatmn. Th1s reflected

;'_the 1mportance of agrrculture to the economy of Syria-and demonstrated

s1gn1f1cance o’f .area and slope to the development of the road transport

;w1th1n.that country CA 'weak relat1onsh1p between road network develop- '

»-ment and populatxon d:.stnbutron was obtamed pomtmg up the low degree

mob111ty among the populatmn of Syr1a, whxch is also shared by many
‘;d..velopmg countr1es The relat1onsh1p between the pr1mary road

binetwork structure and industry was found to be moderate wh11e the
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'rela.t1onsh1p between‘the’f.total 'network a.nd mdustry was weak “»:Two

}facts may'b der1ved from these results 1) that the manufacturmg

.feector pla.;.r.eda'mmo‘i r‘ole’u;‘thﬂe. economy of Syr1a compared to agncul‘-' .
-}ture, 2) that fhe tranepo;t derﬁanda of manufacturmg played a stronger
.r_o»l,e“ in ;the_‘ .deyelloplgnept' of pr1mary connections that they did in the
‘de'vvéloiaroent of svecb,onda,ry or tertiary connections. The three remaining
fact:"_ors"' thatbwere considered, namely transit movement, :ailway compe -~
tition and shape of the enumeration units had very weak relationships
wifh 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
networl_c complexity. Since a number of the regions where an increase
.in, production and population is taking place were among the areas that
ha.‘id'vﬂlees.?"rt_han expected values, such as the Al-Kamishli area, these
may be"eoneicjlexi'ed as the places where future development ought to

take place in order to improve the country's mobility.



43

vity of the road-and. '

Analysis of the changes ‘m'the connect1

ﬁifra11road networks cf Syna revealed that w1th1n he last two decades: ai_‘ o

mcrease m the connectwity of the road network took place,’

fthe connect1v1ty of the' ra11 network decreased durmg ’he same penod

é-'Th1s decrease was due"' to- the fragmentatmn of the ra11 network,.by the

;','jsupenmposrtron of pof1t1ca1 boundaneson thls network after the F1rst
'{;WorldvWar.

Due to the reahgnment of the road network after the partltmmng :
:_"of the area, there was a change in the relat1ve connect1v1ty of‘ the‘ major

furban centers w1th1n the last forty years w1th some: showmg an 1n-

;;icrease wh11e others showed a: decrease ~ This reahgnment is still.in

_f"process Iand its effects W111 be felt m’ore and more as time goes on.
?Some of the centers that decreased in relative connectivity were those
i;located 1n the eastern' sectron of: the country, namely Rakkah, Deir-ez-
‘Zvor and Abou K'amal, wh1ch had grown m 1mportance when they were
focal pomts on» the reg1ona1network wh1ch connected the eastern |
f":Medrterranean to Iran and Iraq. : W1th the severmg effect‘ of the 1nter-;'

.}natlonal boundarles these centers have become per;pheral on a network

:t'wh).ch 1s growmg’ to serve the nat10na1 transport demands of Syr1a.

v"_:"iOthe center wh1ch decreased m'relatlve connect1v1ty were the ones

"f‘-located‘, in: the_v southern part of the country, the most 1mportant of

d wh1ch;was the caprtal c1ty of Damascus. The connect1v1ty of a number



the focal ‘points 'f the network w1th the development of the port fac111t1es '

of the coastal c1tie‘s. Th1s is. espec1a11y true in' the case of A1 Lat1quiya

whlch’has been developed to handle the bulk of the fore;gn trade of the

;:a;mﬁ?y,» andtTTartous where the port facilities are bemg expa.nded to accom-
_rnoda'te;a’-large v'ohirn"e'!of‘ the shipping movement. |

‘. v‘Ana_.lvys‘is‘»o;f _the conne’ctivity of the railway network revealed that
ini‘”aédditi;on‘:toxthe"decr.ea's'e‘ in the overall connectivity of the network, due
to. thesevermg 'eiffécts of the international boundaries, changes in the
r‘elatii'r\ebc‘onnectivity of the rail centers had taken place. In the early
stages of the network growth, Damascus, Riyak and Homs had the highest ~
degree of connect1v1ty, but on the present day network, Aleppo and Hama
were‘ fonnd to be the best connected ra11 centers in the country. Once the
11nes that :are"planne'd and that are under construction have been completed,
furtherchanges m the pattern of connectivity of the railway network will

,occur, resultmg 1n the emergence of new and well connected rail centers.

-An‘,_,exarnple" of 'sucha,eenter is Rakkah, located in the agricultural region .

°f .the:;nor,t’hea st S

lvmg pattern of access1b111ty, vza. the road a.nd the

‘ra11 netw' rks- of the country, is bound to affect the relatwe growth of the

~maJor urban’ centers prov1d1ng an advantage to the ones. that.are strongly



'-la.ck of rehable 1nter -regmnal and mtra regmnal fre1ght rates for the

fi'maJor commod1t1es of the country If th1s 1nformat1on had been ava11ab1e,

7 analys:ts’ of the connect1v1ty of maJor urban centers would have been under-

taken usmga measure reflectmg .the var1at1on in fre1ght rates, and the

a.results compared‘ Orthose wh1ch are already obtamed, based on physical
;'bonnectmns. In th1s ashxon var1at1ons between physlcal access1b111ty and
’~econom1c access1b1l1ty would have been 1dent1f1ed ’

Another 11m1tat10n brought about by the lack of . data is that certain

‘)Of; the measureswused m the mu1t1p1e regressmn analysm could have been

!’*1mproved upon if dequate datawere ava1lable. 'I‘hese are; manufacturmg

"_"l'productmn-mdex and’raﬂway compet1tron mdex. The manufacturmg

oduc

ction: mdex,was based upon.the ffloorarea of manufacturmg plants.: .
";;rathe than o the'actual tonnage of. goods'produced Even though 1t 13’

{ correct to as sum'e,_that" there .

a. relat1onsh1p between plant s1ze and

-amount of production, it would_have been better to use output f1gures 1f :
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,f,vf_they had been ava11ab1e as th1s “”'ould have provxded the exact\ amount of

'{lgoods actually transported Ra11way compet1t1on 1ndex was ba.sed on the

v-:presence or: absence of ra11 fac1l1t1es w1th1n any g1ven area 1nstead of the,

"‘fvex1st1ng» arhount of goods moved by ra11 m each u'ut of study S1nce sorne
;'11nes‘handle “more trafﬁc than others do, the actual fre1ght movedwould |
have provrded a better measure than the one used in the stud}r However A
.'rt1s felt. that smce most of the variation that ex1sted in the structure of
the network was explamed by the variables that were used in the study,

Lthe »l;rmtat;ons resulting from lack of certain data were not unsurmountable

ones,
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APPENDIX A

T “tiéh’éi’tra‘de ;*E‘E‘Géh:; s

f;;‘.though the amount'and value of Syna s' exports have 1ncreased durmg

f"recent.'years, ‘1mpor‘ts st111 outstnp exports. 'I’a.ble 23 shows that the ‘

.'"trade def1cit of 1962 was 245 122 000 S P., most of it- mcurred by the

1mba1ance of Syna s trade w1th the U’mted ngdom, the Umted States ’

These three contnbute 225 620 000 S. P to the def1-

_‘-n'c1a11y heavy machmery Syna 5 favora.ble ba.lance of trade came from
§1ts deahngs with Lebanon, Bulga.na, Italy, Saud1 Arabla ) a.nd Portugal

2 the rec1p1ents of a large segment of Syna '8 agncultura.l products.

T.ABLE 23

SYRIA’S BALANCE OF TR.ADE

R o Excess of
.. Value of - - Exports Over
‘ufff{fExports _ " Imports

;;Umted Klngdom ,f86 150{?:. 15 039 . -T1,111
Switzerland = 16,198 . .0 3772 12,426
Belgium 28,177 0 T 112,689 15,488
Poland 20,5420 ,,.»';17 899, - - 2,643
Egypt - 3218 L 05259 . 2,041
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China 13,326 15,711 2,385
Lebanon .. .../30,951 ¢ 92,624 61 673 .
France =~ - ' 64,728 .- 56,795 1, 933'_‘._’ o
Czechoslovak1a. - _?.;"7,4 484. ','{{':.;21 2951' ©3,189
Jordan : 10,028 .21,984 g 11,956 S
Portugal . .2,553 119,250 . _-'-16,697 O
Italy o 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 T
- 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
Dénmark 6,674 20,491 13,817
* Malta . v 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 Synan Pounds..,

Source Summary of Fore1gn Trade, Mmmtry of Planmng, Dlrectora.te
A;;of Stat1st1cs (1962), p. 139
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‘APPENDIX B

"ECONOMIC DEVELOPMENT PLANNING IN SYRIA.. |

Although a’ number of development plans were drawn durmg the

fl950's, the Fwe Year Plan mtroduced 1n 1960 'may be cons1dered the pr1- j. :

;.'mary step toward development planmng The 1nvestment program was

_?set at 2 720 m1111on S P T3 1 000 m1111on S P from the pr1vate sector and

'_1 725 m1111on S P from the pubhc sector (Table 24) Th1s emeant that
a.bout one -thtrd would be 1nvested by the pnvate sector and two-thirds

/by the pubhc sector

' The two columns on the r1ght show the amount of investment that
took place dur1ng the f1rst year both for the public and the private
:sectors.: It shows that both sectors mvested about 17 percent of the total
fundsdurmg 'thetflifrst srearf "

.An' exarnination of. the F1ve Y‘ear Plan reveals that irrigation

‘a“d-land reclama.tmn are the la.rgest over all rec1p1ents, 30 percent of

th' total»budget.:‘ Th1s 1s followed by the Industry and Transport sectors

:whrch»were eachﬂass: gned about 20 percent of the total budget.



TABLE 24

PLANNED INVESTMENT DURING THE PERIOD 1960-1965

Total Investment During - -
the First Year of the Plan : .

‘Sector - Public Private .Total Percent Public Private
Irrigation and Land Reclamation 780 50 830 30.5 66 - 10
Agriculture 95 175 270 9.9 23 30
Industry, Electricity, Mines, Oil 240 269 509 18.7 55.5 30
Transport and Communications 387 150 537 19.7 67 . 20
Housing 15 245 260 3.7 10 55
Education 100 - 100 3.7 17 e
Health 46 10 56 2.1 9.4 .
Public Utilities and Tourism 32 -- 32 1.2 31.5 .
Social Affairs 18 -- 18 0.7 9.3
Recreation . -- 11 11 0.4 -- -
Laboratories, Training, Research 7 -- 7 0.3 - “e
Change in Inventories -- 90 90 3.3 -- 15
Miscellaneous -- -- - -- 5.2 8
Total 1,720 1,000 2,720 100.0 293.9 170

Source: Ministry of Planning,

0ST
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 APPENDIX C

'ROAD MAINTENANCE EQUIPMENT 1952 AND 1962 -

Truck and citern 73 157;?;‘
"-P1ck -up truck - T Y A e
Jeep s e 4

Tractor ‘ LB - 50
Scraper e lem a-1: 0%
Leveling machine Y - ¥
Heavy roller P O
Gasoline roller
'Fuel oil roller
Steam roller 45 -

Tire pump : e 9.
Mechanical hammer - 17
Air compressor - I 48
Water pump o e .34
Rock breaker 2 14
‘Grader ‘ e b
Welding machine Y ma 13
Asphalt miner S 26 - 58
Asphalt boiler S 43 151
Sand spreading machme';’_’f — SR . : .3

L4
- 97

“ Source: Ministry of Public Works, Syrian Arab Republic:



 APPENDIX D -

THE VARIABLES"

ST et e UL e e e ‘Popu- Agri- Manu- Ra.:l.l-f_,:y:_.- o
_ Pr1mary ES anary 9 Total i Total lation culture factunng Tran51t ‘way Area Shape Slope
X1 X X3 X4 X5 X6 X1 .;-"‘X,,S" X9 L XlO Xll_ XIZ

Qada

045 013 . 0.05 5.78  4.64 4,54‘ o 1
W oas ass sos am e 1
046 022 020 451  3.97 2.38 1 o
0.61 0.29 0.21 4,82 ' 4.36 2';94 1
0.69 0.27  0.28 4.57  4.26 0.00 1 0.
0.67 0.51 0.31 4.97 4.55 2.86 o ‘
0.73 0.45  0.39 4.82  4.67 2.49 -
1.04 1.15 0.66 5.59  5.41 410 1
9T311Kalakh ,_»;,0,_63\ 0.57 0.18  0.15 4.97  4.78 0.00 1

IOHama 1 10.74 0.52  0.59 5.34  5.23 451 1

115a1am1ya 1‘.-,,’2.(3 "' 081 0.71 - 0.33 4.85  4.90 244 0 0 .3

2. Misyat 0.88 . 058 ' 0.37 0.4 490  4.73 13¢ o0




22. 3
23,

24.
;S%A'iﬁ;:; Emﬁ;",

0.69.
0.74

0.97

0.83

0.72

0.26

0.52

0.95

0.71

0.35

  €§#€&
0.21 -
. 0;f3
‘,0;3-7: h

' 0@55

0.26
0.30
0.31
0.33
0.52
0.41

0.21

f25ﬁ15vf'
f;4Q84 ;
'5€°4 §
490
503
w92

'5.‘8_]_ )

4.95
4.96
4.60
5.04
4.65
4.92

5.15

‘4;i5;? ’
aa4
"4:40;

437
s
513

4.83

5.01

4.45

5.02

4.90

5.15

4.93

B 5£051f?;{;fk'?v;7;5'
e
':1.§oi
3.41

441

2.59

314

0.00

0.00

2.79

o 0.23

0:29.

n
. (.v»;



- Shaj ~0.86  0.72 0.46 0.24 4.78 ~ 4.69 2.23 1 .0 260

0.8¢4  0.75 0.38  0.26 4.85  4.51 0.00 0 - 0 .267 1.85.0.

‘Noumnan 0.83 0.63 0.23  0.15 4.91 5.10 0.00 1 17 . 3:00 - 0.54

AlHasa.keh 1.12 1.08 0.80  0.66 5.10  5.44 0.00 o o 375
. AdDijlah 1.04 0.83 0.79  0.51 4.65  5.21 1.98 0 1 303
Al-Kamishli | '_1.13 0.95 0.78  0.56 5.13  5.36 2.76 o 1 321

. Deir-ez-Zor 1.41 1.09 0.83  0.57 5.14  4.87 3.27 1 o 369

. Abou Kamal 1.02  0.77 0.58  0.39 4.77  4.42 233 1 o 306
. Al M‘}Yédin 1.26 0.96 0.81 0.59 4.86  4.55 2.49 1 o 379
. ArRashid 1.33 1.05 0.95  0.67 5.08  5.34 3.46 1 0 400

. As Suweida 0.78 0.74 0.24  0.26 4.82  4.69 2.64 o 0 298 :0.52:0.

. Shahba 0.86 0.74 0.37 0.32 4.54  4.19 0.00 o 0 287006001

 Salkhad 0.78 0.80 0.13  0.37 4.65  4.62 151 0 1 287 0.61 T.96%



o X1 X12

0.23 0.03

0.11 T.65

| * Rounded to nearest hundreth. -

561
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