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A 3 J T R /'• C T 

I. ST AT EMI::. IT OF TIL: PROiBLLU'-l : 

'Transport'-rition constitutes one of the most vital 

organs ©f the modern economic system,and modern economic 

system involving large scale production and regi'^nal and 

product specializatien, simply cannot function v;itliout an 

efficient transportation system. 

Ccmtemporary society is als© characterised •.->y 

urbanisation, the complexity and magnituue of v;hicii, makes 

is distinguishable from urljan centrer-; iri ancient c ivili2ati:)ns. 

Urbanisation has brouylit, in its train, a number >̂r benefits 

and problems.I One of; tiie '[•problems' are the S'\MOC ••-i.ze of 

urban centres, v;hich In views of rapid growtli, gradually hn-

pinges on the smooth functioninj •"•T: tbe intra-uroau transpor-

tatisn network., This is particularly true in the case ©f Third 

World urban-centres, v/here, ajnong other things, investment 

in infrastructure is a major constraint, onch urban centres 

have to continue to uiake-do with limited transportational 

facilities increasingly hampe^red by the ptspulation increase 

and increased traffic flow within the city. Ttie citj of Shillong 

conf'T)rms tis tliis scenario. The city has experienced rapid papu­

lation increase over the past fev/ years and its road network 

(no other transi^ort facility like trains, or trams exJst in the 

city) has been put under muo!i pressure, as a direct :Mitcome -nf 



s 

population increar^e and incr:eas'--;d traffic flew, so much so, 

that; intra-city movements of goods and people is b'jcoining 

a problem. It is in this background that the present study 

of the r©ad network and traffic density in Shillong v/as 

undertaken. 

II, 00JECTIVES : 

The main objectives of tne study are : 

(i) to understand the structure ofr toe road networ.^ 

of Shillong, 

(ii) to Study some aspects of the traffic flow as an 

index of spatial interaction within the confines 

of the city, 

(iii) to identify the existing level of proolems of 

the city's road network, and 

(iv) to gouge the level of problems the city is likely 

to face in the coming years in view oE the rapidly' 

increasing population and the changing economic 

activities of the city vis-a-vls the ro-̂ d network. 

Besiaes t'nese tiie following research questions were 

answered in the study : 

(i) v-Jhat are t;ie nature of the Connectivities of the 

network, and wiiat sim.ilarities or differences 

exist in terms of (a) direct connectivities 

(b) Indirect connectivities 

(ii) Is there any relationship betv;een the accessibility 

of che dif f erent" nocjes of the network and the 

econ'̂ 'mic activity-type areas of the city 



(iii) v.'hat is the de'jree of tortuosity JH t'le city's •' 

roads ami is it related to the accessibility and 

connectivity of tiie network 7 

III, METHODOLOGY : 

The study is based on secondary as v;ell as primary 

data, secondary data information relating to the road network 

of Shillong have been derived from maps collected from the TCpO. 

Statistics pertaining to the total road length of bliiilong was 

obtained from tiie Executive Iî nqin̂ er (PWD) office, while sta­

tistics regarding the number '"̂f registeeed vehicles in Shillong 

v;as obtained from the District Transport Officer, i:;ast Khasi 

Hills, Shillong. Census such as the General Populatiofi Tables 

and the Town and Village Directory, East Khasi Hills v;ere also 

used to derive information relating to population ci the con­

stituent units of the Shiiiong Uroan /vggxomeratlon anu their 

areas etc. 

Priiiiary information data relating to traftic flow, 

peak traffic hours etc. v;as collected from fieldwork.6 1 major 

nodes were seleEted from the road network of the Shill^'ng Urban 

Agglomeration, representative of all the townships and v;ards 

or the city. The (direct) linkages oetween these no-Jes v;ere 

plotted on a map, to obtain a topological road networl; map of 

Shillong. Various indices were used to analyse the Ji :twork. 



From the network map, connectivities i'^o.^'^'' 'ii 

a) direct connectivity 

b) indirect connectivities of the tirst icvel,were 

derived and analysed. 

Traffic counts wore taicen at seventeen intersections , 

each representing the seventeen units of the city. From the 

traffic data, a representative figure (i.e., 50% of passenger 

movement) of pedestrian movement was calculated which together 

have been taken as estimated spatial interaction of the given 

unit with the remaining units. This is taken as the estimated 

interaction. 

On the other hand, the gravity model was used to 

derive the theoretical interaction during the same period, and 

-statistically tested for correlation with the estimated 

interaction. 

IV. FINDIUGS A,'iD CONCLUSIONS : 

The alpha, beta and gamma indices and the cyclomatic 

number used to analyse the network structure show that the net­

work structure is a complex one witli medium to high levels of 

connectivity and a high ntuaber of fundamental circuits. 

However, the network is only moderately developed as 

the alpha index and cyclomatic number represent onl^ about 30% 



of maximum potential develoi^jnent, while the laiiuaa oih' :)cta 

indices show aVj mt 5U% of potential developfnent • 

'T\^e connectivity characteristics show hi>jher connec­

tivities along the NH.4U and NH.44 routes and in ttie CBD areas. 

Tortuosity scores indicate greater tortuosity in the 

peripheral areas of the city, than centrally locat-'̂ d nodes. 

Centrality and relative accessibility of nodes of 

the network, rneasur:;d in terms o£ (a) actual di'̂ t̂ances and (b) 

by interpreting this distance as an accessihllitji v.iclaljle 

using princiî ial comfjonent analysis, show that accessibility 

and centrality of nodes are hJgher in the geojro:hicnlly central 

areas of the netvrork and in the CBU areas of the cjty, and 

gradually decline tovjards the peripheral areas. 

There is a significant relationship betv;een the 

estimated interaction in 199U and the theoretical (expected) 

interaction in 1991,The residential areas could record more 

rapidly increasing levels of interaction compared to the non­

residential areas in the near future. 

f'loreover, the fact is tnat, interaction levels (in 

terms of traffic flow), already high in the CBD areas of Bara-

basar-Police Bazar and in the emerging CRD area f̂ La ItumKlirah-



European Ward will incroase further. These areas then, wj.n 

be the traffic-problem areas. Hov;ever, more areas coulcl join 

the list of problem areas, with the present residential areas 

having the potential b£ experiencing much rapidly increasing 

levels of interaction betv̂ een 1991 and 2001. This is explained 

by, the sort of saturatioti level reached by the present non­

residential areas in terms of potential interaction increase 

compared to the presently residential areas. 

Thus, the rapid increase in interaction levels and 

traffic flow wifnin the city will have t© be tackled on a 

priority basis if the city's network is to function as a via­

ble transportation medium. 

c<tf^ 
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CIIAPTEll -I 

INTRODUCriOU 

1,1 General Background 

Transportation constitutes o£ the most vital 

organs of the modern economic system. It allov̂ s to overcome 

the friction of space to move goods and people,,albeit at 

a cost, whether in terms of energy, time or the surrogate 

in terms of monetary value. Is it necessary to move goods 

and people over space ? Is there an economic rationale of 

this ? Yes. vvithout such a rationale no movement over space 

is necessary. The economic advantages of tlie nioveinent must 

far exceed (or at Laast equate with) the cost of friction. 

The advantages may be jmrely utiliterian, say bVie tourist's 

travel for aesthetic satisfaction or recreation, somewhat 

difficult to estimate in terms of benefit, but nevertheless 

discerndble. The movement over space to people is far more 

complex due to the complexity of human affairs . 

^' • All movements over space require a meditmi, whether 

a railway track or a cart track or the waterway or the air, 

which provides inertial--resistance in the opposite direction 

of the 'ax.plied force' . This application of force involves 

energy, which involves financial considerations. Therefore, 

with tlie process of development and emergence of complex 

societies the expenditure of energy was enormously increased. 



Often, a dicoct corrosfKJtidcace is sought î etwo--̂ !) the 

level of development or a society and the i.er caiuta 

consumption of energy. 

However, the use of energy is not only related 

to distance over which people and goods are to be trans7 

ported, but also with the medium of transportation 

(the friction surface), the efficiency of coin'ousti n 

technology (conversion of heat to mechanical energy),the 

efficiency of fuel, the efficiency of the transportation 

network etc. 

In modern complex human society, ur'-ianication 

can be considered as a special spatial feature; net that 

there were no urban centres in the ancient civilip-.ations, 

but that the nature and magnitude of fcontemporary urbani­

sation is cardinally different compared to its ancient 

counterpart. 

Often it is argued that the urbanisation process 

itself is the result- of energy economy in the society, 

where large scale consumption and production centres are 

located in close proximity to reduce the cost of trans­

portation ( and theref'•'re energy ) . But v/ith the increase 

in the magnitude and complexity of the urban centre (®r 

system), furtĥ -̂ r efficiency for smooth and lov; cost of 

movement becomes an important goal. Cost "̂ f time becomes 



a significant variable and is sought to be minimised. In 

the developing countries like India where investment in 

infrastructure is a major constraint, particularly in view 

of rapid urbanisation and growing size of urban centres, 

intra-city movements of goods and people is gradually 

becoming an important problem. 

While in developing countries transport facilities 

are considered as an essential component of infrastructure, 

in the developed realm it is seen as a necessary social 

amenity. Whichever view is ascribed to, the conclusion 

remains the same. That transpoxrt services are intrinsic 

to contemporary civilisation. The importance of transport 

can be understood in terras of its three capacities in 

fostering development : 

First, transport serves as a basic physical and 

economic infrastructure. Transport enables raw materials, 

intermediate products and final piis>ducts to be distribu­

ted to various locations, local, regional or international 

and also expands the geographical extent of markets fos­

tering large-scale production. 

Secondly, transportation serves as a basic social 

and political infrastructure, facilitating the flow of 

1. F.Moavenzadeh and David Geltner, " Transportation, 

Energy and Economic Development ; A Dilemma in The 

Developing World ", Elsevier Science Publishing Company 

Inc. New York, 1984, p 89. 



people, ideas, information and goods, at the same tlrae 

enhancing the political aid social integration of 

territories. 

Third, transportation can serve as a force for 

industrialization through its requirements of infra­

structure and equipment, which if produced locally can 

boost industrial development. 

Present day society which involves large-scale 

production, regional and product specialization and 

international trade relies heavily on the transport 

sector. So much so that a modem economy simply cannot 

exist without an efficient transport system. Transport 

and economic development are symbiotically linked, and 

transport development is a necessary condition, although 

in itself not a sufficient condition, for the economic 

developnent of an economy. In fact, transportation has 
2 

ever been cited as a precondition for economic growth. 

In brief, then, transport services are essential 

components of society :. necessary for daily movements of 

goods, ideals and people; integrating regions and making 

2, W.W.Rostow, "The Stages of Economic Growth", Cambridge, 

The Cambridge University Press, 1964, p.24,Rostow con­

siders the railways as the critical investment sector, 

in identifying the stimulus for the take-off stage of 

economic growth in the U.S. 
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accessible peripheral areas, serving as channels between 

areas of consumption and those of production, thus allowing 

for regional production specialization and finally, one of 

the important factors in the matrix of overall economic 

development. 

1.2 statement of the Problem 

A transport network can be understood as a transport 

system with '* a set of geographic locations interconnected 
3 

in a system by a number of routes," Thus, two basic ele­

ments of a transport network can be identified : first, 

a set of locations (or nodes or centres) and second, the 

linkages (or routes) that connect the centres of the net-
4 

work, Kolars and Malln (1970) suggest two reasons for the 
existence of transportation networks : 

(a) routes exist as links between urban centres, 

(b) routes sexrve as links connecting administrative 

or manufacturing centres and ports to their 

respective hinterlands. 

Although transport development does not follow a 

3. K.J.Kansky, " Structure of Transportation Networks", 

Research paper No, 84., Deptt. of Geography, The 

University of Chicago, Chicago, 1963, pi. 

4. J.Kolars & H,J,Malln, " Population and Accessibility : 

An analysis of Turkish Railroads ", Geographical Review. 

6D, (1970) pp 229-246, 
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definite pattern, Taaffe, Morrill and Gould (1963) have 

put forward an idealized process of transport development 

based on their study of transport development in Nigeria 

and Ghana. A quick look at their idealized scheme is not 

out of place in order to understand how network develop­

ment occurs within a city. The authors outline four stages 

of transport development. In the first phase transport 

development is characterised by a number of scattered 

ports and trading centres along the seacoast, each having 

small hinterlands and poor connections between themselves, 

as also with the interior points. In the second stage, major 

penetration lines develop from certain ports to their 

hinterlands. In this stage, there is slight expansion of 

market and also the beginnings of regional specialization. 

The third stage is one of expansion of the penetration 

lines to interconnections between them leading to increased 

regional specialization and market expansion, with the 

dominance of the urban centres increasing, agglomeration 

economies set in, creating additional demand for trans­

portation. In the last stage, there is the emergence of 

high priority trunk lines and linkages between the largest 

centres, which have the best roads and heaviest traffic 

5, E.J.Taaffe , R. Morrill and P.R. Gould, " Transport 

expansion in Underdeveloped Countries : A Comparative 

Analysis, " Geographical Review, 53 (1963) pp 9D3-529, 
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signifying close spatial interaction between the metro­

politan centres. Such development of transport network 

is a gradual process and the four stages are not distinct 

and could even exist together in a given system. 

Similarly, transport network development takes 

place within a city# connecting the various points and 

localities of the city. This, essentially results out of 

increasing spatial interaction within the city itself. 

An urban centre with its various functional zones, such 

as wholesaling and retailing areas, residential areas, 

the C.B.D,, production centres or agricultural areas and 

educational centres give rise to spatial interaction 

within the city, which in turn leads to a demand for trans­

port facilities and finally leads to the gradual develop­

ment of a transport network. Thus population, spatial 

interaction and transportation facilities are interwoven 

with each other, and " as population increases in an area, 

the demand for transportation is intensified; as new 

transport lines are built into the areas a greater popula­

tion .incjcease is encouraged, which, in turn, callft for 

still more transportation." -̂ ^ 

Interaction between the city aid its hinterland 

and between its various zones leads to Increased transport 

6. Taaffe , Morrill ani Gould, op.cit,, 1963. 
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links. However, with the Increase in population and conse­

quent increase in the built-up area of the city and also, 

increase in the volume of traffic within the city, the 

efficiency of the road transport network could be put to 

stress. The efficiency of the network lies in allowing 

safe and speedy movement of goods and people within its 

confines and to and from other centres. However, since 

it might not be possible to physically expand the network, 

particularly in the C.B.D. areas and densely populated 

areas, alternative methods to maximize efficiency of the 

network, or simply to maintain a particular level of 

efficiency of the network, are required. In order to be in 

a position to put forward remedial measures a study of the 

network and its elements, viz. its connectivity, traffic 

flow etc. must first be undertaken. The city of Shillong, 

the capital of Meghalaya, ±a a fast-growing city of the 

North-Eastern region of India. The city is experiencing 

rapid population growth and a motor vehicle boom, which 

taken together will pose a severe constraint to the city's 

road network, which in view of its irregular width and 

heavy traffic pressure, is already facing constricted traffic 

flow. The city's transport network system then, conforms 

to the pattern outlined above and merits serious consideration. 
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A geographer approaches such an Issue from the 

point of view of spatial organisation and since there 

is a spatial expression of transportation also* the 

geographer studies organisation as an aspect of the 
7 

organisation of space. 

1,3,1 Objectives of the Study 

The following are the objectives of the study : 

(i) to tinderstand the structure of the road network of 

Shillong, 

(ii) to study some aspects of the traffic flow as index 

of spatial interaction within the confines of the city, 

(iii) to identify the existing level of problems of the 

city's road network, and 

(iv) to gauge the level of problems the city is likely 

to face in the ccxning years in view of the rapidly incre­

asing population and the changing economic activities of 

the city vis-a-vis the road network, 

7, E,J,Taaffe and H.L.Gauthier, " Geography of Transpor­

tation", Prentice -Hall Inc., Englewood Cliffs, 

New Jersey, 1973. 
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Besides these objectives, the following research ques­

tions have been raised. 

1.3,2 Research Questions 

(a) What is the nature of connectivity of the 

network, and what similarities or differences exist in 

terms of 

(i) direct connectivities 

(ii) indirect connectivities. 

(b) Is there any relationship between the access­

ibility of the different nodes of the network on the one 

hand and the economic activity -type areas of the city» for 

instance accessibility and location in the C.B.D. area. 

(c) What is the degree of tortuosity of the city's 

roads and is it related to the accessibility or connecti­

vity of the network ? 

(d) In view of the rapid increase of population, 

what is likely to be the magnitude of spatial interaction/ 

traffic flow in the future ? Does the gravity model provide 

us a clue to understanding the nature of flow pattern 

within the city ? If so, how significant is its predictive 

value 7 
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1.4 Study Area 

The area chosen for study isthe city of Shillong, 

the capital of Meghalaya and headquarters of the East 

Khasi Hills District of Meghalaya. 

(a) Location 

Occupying an area of 21.27 square Kms., Shillong 

(U.A.) is situated at 25''.34'N latitude and 91*.53'E 

longitude in the central part of the East Khasi Hills 

district, which is sandwiched between west Khasi Hills 

district and Jaintia Hills districts of Meghalaya, Kamrup 

district of Assam and Bangladesh in the West, East, North 

and South respectively. It is well connected by roads 

with the remaining four district headquarters of Meghalaya 

and is connected with Guwahati by NH 40 and with Cherra-

punjee and Dawki also by NH 40 and with Silchar and Jowai 

by NH 44. The road connections to Agartala and Aizawl, 

the state capitals of Tripura and Mizoram respectively, 

pass through Shillong adding to the traffic problems of 

the city. 

The Shillong Urban Agglomeration comprises of the 

six townships of Shillong Municipality, Shillong Cantonment, 

Madanry'ting, Mawlai, Nongthymmai and Pynthorumkhrah with 
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Shlllong Municipality lying in the centre and the remai­

ning tovms occupying the peripheral areas ( Fig,I ). 

(b) Phisiography and Relief 

The Shillong Urban Agglomeration occupies the 

Shillong Valley ©f the Meghalaya Plateau v;hich 

slopes down gently to the Brahmaputra valley to the north, 

and rises more steeply from the plains of Bangladesh in 

the south. The plateau itself can be considered as the 
a 

eastward extension of the peninsular Indian block . 

The valley is flanked by the Shillong Peak (1961 

metres) of the Shillong range in the south end Mawpat Peak 

(1957 metres) ofthe Mawpat Hills to the north-east and 

is drained by the tributaries of the Umshyrpi and the 

Umkhrah rivers, 

g 

The relative relief of Shillong varies considerably 

over different areas, ranging from over 300 feet per square 

furlong in the southern aiid north-western borders of the 

8. D.N.Wadia, Geology of India, London, 1961, p.434. 

9, J.P.Singh, Urban Landuse Planning in Hill Areas ; A 

case study of Shillong, Inter India Publications, 

New Delhi, 1980, p,40. 
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city to over 200 feet In the north-eastem, north-western 

and southern parts of the Shlllong Municipality, 50 to 

100 feet in most of the same, and between 0 to 50 feet and 

100 to 200 feet in Nongthymmai to 100 to 200 feet or 300 

to 400 feet in the northern parts of Mawlai and less than 

100 feet for most of the Cantonment area. Singh (1980) 

further notes that generally areas with a relative relief 

of less than 100 feet per square furlong have been more 

suitable for urban development. For the present study, 

the topography of the city has not been considered as the 

city lies largely in a valley area and road development 

within the city has taken-place almost independent of 

topography and local relief. 

(c) Growth and Present situation 

The study area, Shillong, has had a meteoric growth 

to its î resent proportions. This is true in its historical 

perspective, as well as its growth in the past few decades. 

Historically, the importance of Shillong grew quickly from 

the weekly market of lewduh to district headquarters of 

the Khasi and Jaintia Hills district (between 1864-1866), 

headquarters of the Chief Commissioner of Assam (1874) till 

it finally became capital of Assam. 

10, Initially, Shillong was no more than the locality of 

Laban and its few settlements, and the weekly market 

of lewduh ( Barabazar of today ). 
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In the past few decades since Shillong became the 

capital of the newly created state of Meghaxaya, it has 

experienced rapid growth in terms of its population size, 

in the nature and diversification of the functions -

commercial, administrative and educational^ -, and as a 

corollary to population increase there has been a signi­

ficant increase in the number of vehicles plying in the 

* 

city. Population increase and the city's functional diver­

sification have given an impetus to building and construc­

tion work (for both residential as well as non-residential/ 

commercial/administrative purposes) particularly along the 

major and arterial roads; as a result, expansion of the 

existing roads or improvements to the same have severely 

been affected. With the present trend of populaticu inc­

rease, increase in the city functions etc likely to conti­

nue alongwith increased pressure on roads, the situation 

could literally be electric. 

1,5 Survey of Literature 

The study of transportation in geography is a 

relatively recent development. This emerging sub-field of 

* The number of vehicles registered in Shillong increased 

by over 90% between 1985 and 1989. In addition to this 

there are vehicles registered elsewhere, but plying in 

Shillong, which do not figure in the recorded number of 

vehicles in Shillong; thus the increase in vehicular 

traffic in the 1985-89 period is likely to be well 

over 90%. 
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geography has generated much Interest among geographers 

and there is a considerable amount of literature in the 

field, of which the important contributions are as follows : 

Studies of Taaffe and Gauthier^^ and Eliot-Hurst^^ 

were of a general nature treating various methodological 

13 and conceptual issues. Kansky analysed the structure of 

transportation networks using graph theoretic techniques 

in relation to regional characteristics of areas and for­

warded a predictive model of network structure, while 

14 

Ullman developed the concepts of transferability, com­

plementarity and intervening opportunity to explain varia­

tions in flows and linkages over economic space. 

Apart from these, the literature has been grouped 

into the following broad categories : 

(a) studies concerned with transportation and developmental 

issues { and 

(b) literature relating to transportation as problematic 

in spatial organisations. 

11. Taaffe and Gauthier, op. clt., 1973. 

12. M.E.Eliot-Hurst, " Transportation Geography ", McGraw 
Hill Book Co., New York, 1973. 

13. K.J. Kansky, op.cit., 1963.' 

14. Edward L.Ullman, " The Role of Transportation and the 
Bases for Interaction", in w.L.Thomas (ed) Man's Role 
in Changinci the Face of the Earth, The University of 
Chicago Press, (1956), 867-71. 
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(a) The relationship between Transportation and Develop­

ment : 

That a positive correlation between transportation 

and the various aspects of development, (-whether understood 

in terras of socio-eoonomic indicators like urbanisation, 

industrialization or increased regional accessibility etc -̂  

exists is easily understood and numerous studies have 

dealt with this relationship^^ 

Gauthier (1968) suggests 3 possible relationships 

between transportation and the development process, with 

transportation having : 

" (1) a positive effect on the development process -

the expansion is directly productive activi­

ties being a direct result of providing 

improved transportation facilities ; 

(2) a permissive effect on the development process -

because transportation does not independently 

produce directly productive activities or sub­

sequent increases in the level of economic 

growth ; 

(3) a negative effect occurs when an overinvestment 

in transportation reduces potential growth in 

directly productive activity and consequently, 

"" leads to an absolute decline in the level of 

income ~per̂ ĉapita ." 

15. Taaffe, Morrill and Gould (1963) op. cit.; 

H.L.Gauthier, "Transportation and Growth of the Sao Paulo 
Economy", Journal of Regional Science,8,(1968),p.1 -18 

M.Jefferson, "Communication and Civilization",Annals,AAfi.; 
23 (1933), p. 46 -47. — . ^ _ 

16. H.L. Gauthier, Op. cit., 1968, p. 1 - 18. 
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17 

Taaffe et al In their study of transport deve­

lopment in Ghana and Nigeria have noted three factors 

behind the development of railways : 

(1) the need to connect coastal administrative centres 

to internal areas, 

(2) to make areas of mineral wealth accessible, and 

(3) to reach areas of potential agricultural export 

production. 

18 
The study of Kolars and Malin supports the above 

conclusions. Moreover, Kolars and Malin observed close 

links between rail -line location and population distri­

bution. 

The study by Taaffe et al (1963) is also important 

as an idealized process of transport network development 

is presented. Among works of this nature mention may be 

19 20 
made of those of Oluwole , Burghardt and Williams and 

' 21 Hayward 

17, Taaffe, Morrill and Gould, op.cit. ,1963. 

18, J.Kolars and H.Malin, "Population and Accessibility: 
An Analysis of Turkish Railroads", Geographical Review 
60, 1970, pp. 229 - 46. 

19, Oluwole Aloba, "Evolution of Rural Roads in Nigeria", 
Singapore Journal of Tropical,Vol.4,1,1983,pp. 1 -10. 

20, A.F. Burghardt, "The Origins and Development of the Road 
Network of the Niagara Peninsula, Ontario : 1770 -1851", 
Annals. AAG, Vol. 59 (1969), pp. 4 17 - 40. 

21, G.J.Williams and D.F, Hayward, "The Changing Land Trans­
portation Pattern of Sierra Leone", Scottish Geographical 
Magazine, Vol.89, No. 2, Sept 1973, pp. 107 - 118. 
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22 

Berry posits that factors of transportation 

" Mould patterns and specify limits to potential symbiotic 

relationship of producers and consumers, thereby influen-

ci ng economic interchange," 

Associated with the theme of transportation aid 

23 different aspects of development are the works of Mukerji , 

Kayastha^*, Singh^^, Bird^^ and Ramachandran^^. 

Mukerji (1974) examined the relationship between 

road transportation network structure and the levels of 

urbanisation in Rajasthan. On district level data he used 

indices like the alpha, beta abd gamma indices and cyclo-

matic number and the concept of aggregate transportation 

score ( ATS ) to deteinnine levels of urbanisation, and 

established a positive correlation between transportation 

and urbanisation. 

22. B.J.L.Berry, " Recent Studies Concerning the Role of 
Transportation in the Space Economy ", Annals. AAG, 
Vol. 49 (1959), pp. 328 - 342, 

23. A.B. Mukerji (1974), "Road Transport Network Structure 
and levels of Urbanisation in Ra1asthan",NGJI.XX(l)p.42-54. 

24. S.L.Kayastha, "Transport and Communication in the Himala­
yan Beas Basin", NGJI.IV.2. June 1960, p.105 - 114. 

25. I.D.Singh, "Patterns of Rail Traffic Flows in Rajasthan" 
NGJI, Vol. VXII, 2 & 3, June-Sept 1971, pp. 90-98. 

26. James Bird, "Road and Rail in the Central Massif of 
France", Annals, AAG, Vol. XLIV (1954), p. 1-14, 

27. H.Ramachandran, "Transportation and Urban Attributes - A 
Study of Structural Relations", Annals of NAGI, Vol.1, 
No. 1, (1981) p. 48,- 68. 
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Kayastha (1960) tried to relate the existing transpor­

tation facilities with the economy of the Himalayan Beas 

Basin area, noting the role of road, rail and water 

transport and communication facilities (including Posts 

and Telegraphs, telephones) in breaking down the conser­

vatism and isolation of the people. Bird (1954) studied 

the emergence of road and rail transport in the Central 

Massif of France in terms of the physical background and 

the regional economy, 

Ramachandran (1981) has dealt with the relation­

ship between transport and the space economy; the latter 

in terms of various urban economic attributes, in a study 

of the Coimbatore region, 

28 
Singh studied the degree of accessibility of the 

transport network of North Bihar to determine its effi-

ciency. Like Kayastha (1960)'"^, he attempts to relate the 

transportation facilities with the economic structure of 

the area. Other works more or less -along similar lines 

are those of North , s.axena'' and Mehta . While North's 

work is partially historical and focuses on changing spatial 

28, D.N,Singh, "Patterns of Transportation Links in North 
Bihar, North of the Ganga", NGJI. XVI,2,1970,pp,161-174. 

29, S.L.Kayastha, I960, op.cit. 
30, R,N, North, "Transport in Western Siberia : Tsarist and 

Soviet Development"« Vancouirer. University of Brittish 
Columbia Press, 1979, 

31, H.M.Saxena, "Road Transport Connectivity Pattern and 
Economic Development in Ra1asthan".GRI.42.2.1980 
pp, 183 - 187. 

32, G.S. Mehta, "Roads and Area Development : A Study in 
Utilisation and Impact", IJRS.Vol,XVI.2.1984.pp.170-77. 
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relationships in Western Siberia (between 1580 and 1975) 

measured in terms of the impact of transport facilities 

and freight - traffic flows, Saxena computes road trans­

port connectivity (using beta index, connectivity index and 

cyclomatic number) and levels of economic development 

(using indicators such as population density, per capita 

income, percentage of electrified villages etc.). Mehta , 

examined the impact of road trans C port on the economy of 

a village in Almora, 

(b) Transportation as Problematic in spatial organisa­

tion : 

Another area of research in transportation geography 

has been that of transportation as a problematic in spatial 

33 ^organisation, Taaffe and Gauthier have stressed that the 

geographer studies transportation as an aspect of the orga­

nisation of space. Under this theme "̂ studies pertaining to 

transportation networks, commodity flows, traffic flows, 

urban hierarchical structures measured in teirms of conroodity 

or traffic flows, transport investment etc have all been 

clubbed together, 

Datta has attempted to study the road network of 

National Highways in India (1961, 1971) taking the shortest 

33, Taaffe and Gauthier (1973) op. cit. 

34. Gauri Datta, "The Network Pattern of Indian National 
Highways From Major Urban Centres to the National Capital" 
GRI. Vol. 37, 2, (1975), pp. 121 - 131. 
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routes to, Delhi, Over notable works relating to urban 

transport networks are those of Tarkhoy, Dawson , 

37 38 39 
Taaffe , Snyder and Wheeler and Thomas 

Tarkhov (1986) has compared the spatial structures 

of Moscow and Leningrad, using public transport lines as 

indices of spatial structure to analyse their topological 

structures, 

Dawson (1979) examines the impact of changes the 

road and rail networks upon landuse in the cities of 

Edinburgh and Glasgow. Tafiffe (1962) used air traffic as 

an index of urban hierarchical patterns and compares air 

passenger linkages between American cities with gravity 

model expectations, while Snyder (1962) considers the 

vehicle movements to an from Montevideo as metropolitan 

linkages, using public and commercial transportation data 

to analyse the nodality of the city of Montevideo, 

35. S.A, Tarkhov, " A Comparative Geographical Analysis of 
the Structure of Urban Transport Networks in Moscow and 
Leningrad,", Soviet Geography. Vol. XXVII, 7,(1986) 
pp. 445 -455, 

36. Andrew H.Dawson, "Land and Transport in the Scottish City." 
Scottish Geographical Magazine. Vol.95,2,(1979)pp. 83-92, 

37. E,J. Taaffe, "The Urban Hierarchy ; An Air Passenger 
Defination,", Economic Geography.Vol.38.1 (1962)pp.1-14. 

38. David E. Snyder, " Commercial Passenger Linkages and 
the Metropolitan Nodality of Montevideo".Economic 
Geography. 38,2 (1962) p, 95 - 112. 

39. James O. wheeler and R.N.Thomas, "Urban Transportation in 
Developing Economies : Work Trips in Teguchiga1pa,Honduras", 
Professional Geographer tfol.XXV.2.(1973).p. 113 - 120. 
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Wheeler and Thomas (1973) analyse, the daily inter­

nal movement of people in Teguchigalpa, a city in an deve­

loping economy, highlighting the infleunce of transporta­

tion on urban structure. 

AQ analysed 
Williams and Hayward have^the Impact of the 

physiography and the economy on the surface transport 

network of Sierra Leone. 

4 1 
Strand analysing the road links since 194 5, to 

previously roadless settlements in Norway, debates the 

issue of whether roadless settlements should he connected 

by roads or not, pointing out that this should be consi­

dered in terms of both alternative costs (viz. those 

incurred in relocation of migrants aotid employment genera­

tion for them) and benefits. 

While the studies mentioned above are works by 

scholars abroad, a number of works by India researchers 

in the field is available, Singh outlined the evolution 

of the transport system in Allahabad and identified its 

requirgnent and inadequacies, 

40, Williams and Hayward (1973), op,cit. 

41, Sverre Strand, "Roadless Norway", Scottish Geographical 
Magazine. Vol. 100, 1 (1984), pp. 49-59. 

42, U.Singh, " Growth of Transport and Communications in 
Allahabad", NGJI. 4. (1959) 188-204, 
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43 Singh and Kayastha studying the road network 

and traffic flow in Dhanbad have noted the 'somewhat 

proportionate' growth of traffic and population and 

stressed the need for planning of the road network from 

a long range point of view. In a similar vein, Singh and 

44 Singh have analysed the traffic problems of Varanasi 

forwarding suggestions for ameliorating the traffic con­

gestion problem. 

Apart from network analysis, the study of network flows 

has been another area of research. As Moonis Raza and 

45 

Aggarwal note; the analysis of flows involve ascerta­

ining (a) the factors behind the flows, (b) discerning 

similarities in the flows of different commodities if 

any (c) predicting the nature and volume of flows, and 

(d) to posit the flows in terms of a general theory of 

development• 

46 Smith posited that commodity flow analysis were 

primarily concerned with : " 1. The deviations of flow 

43. D.N.Singh and S.L,Kayastha, "Some Aspects of Trans­
portation in Dhanbad", NGJI,Vol.XVIII,2,(1972) 64-79. 

44. R.L.Singh and U.Singh, "Road Traffic Survey of Varanasi", 
NGJI. Vol.IX, 3 & 4, (1963) 32 - 47. 

45. Moonis Raza and Yash Aggarwal, "Transport Geography of 
India andthe Regional Structure of the Indian Economy". 
Concept Publishing ^ompany. New Delhi, 1986, p.7 

46. R.H.T. Smith, " Concepts and Methods in Commodity Flow 
Analysis", Economic Geography. 46,(1970), pp.404-416. 
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volumes over individual routes 

2. The efficiency of a given flow pattern, 

3. The structure of commodity flows," 

Raza cind Aggarwal (1980) made a commodity-wise analysis 

ofthe impact of distance-decay on commodity flows, while 

48 at a micro-level, Singh and Singh analysed commodity 

flow patterns in Rajasthan. 

49 Bhat and Gidadhutali analysed commodity flows 

of selected commodities in Indxa (1955 - 56 to 1957 - 68) 

ana establishing inter and intra regional relationships among 

the (seven) different economic regions of India. 

Raza et al examined the dominance of the metro­

politan centres in the Indian economy by analysing the 

commodity flows of Indian railways, noting the top)-heavy 

structure ofthe national market with the large metropolises 

dcsninating the directions of commodity flows. 

47. Moonis Raza & Yash Aggarwal, "Distance Decay and Railway 
Freight Flows in India : A Preliminary Enquiry".. IJRS, 
Vol. XII. No. I (1980).pp. 37 - 48, 

48. J.Singh and R.B.SSLngh, " Commodity Flow Patterns in 
Rajasthan - A Case Study ", in Essays in Applied 
Geography (eds), V.C.Misra, N.P.Ayyar and P.Kumar, 
University of Sagar Press, Sagar 1976, pp.289-299. 

49. L.S.Bhat and Gidadhubli, "Economic Regions and Regional 
Flows - A Case Study in the Flow Patterns and Trends in 
Selected Commodities in India", in Regional Development 
(ed) M.Raza, Heritage Publishers, New Delhi,1988,pp.279-320, 

50. Moonis Raza, Y.Aggairwal & M.Dutta, "A Spatial Analysis of 
Metropolitan Freight Flows in India, GRI,Vol.42,4,(1080) 
pp. 323-341. 
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Other than commodity and traffic flows, geographers 

have worked on communication flows, tourist flows etc. 

Leinback using data of telephone messages among exchanges 

in West Malaysia suggested that location in teznns of the 

"core of modernization" could have a significant bearing 

on the magnitude ofthe distance exponent in the gravity . 

modelJ with areas peripherally located (in terms of the • 

core of modernization) displaying a higher friction of 

distance coefficAent. in a gravity analysis of telephone 

interaction, than areas located closer to the core. Williams 

52 and Zelinsky analysed international tourist flows (using 

the transaction flow model). Literature in transportation 

geography at both national and international levels is 

being increasingly produced. 

In the north-eastern region sc»ne works, particularly 

with reference to the Brahmaputra Valley, have been pro-

53 duced. Mention may be made of Deka's study on road trans-

54 port in the Brahmaputra Valley, and Medhi's on railways 

51. T.R.Leinback, "Distance, Information Flows and Moder­
nisation : Some observations from West Malaysia", 
Professional Geographer 25, (1973), pp.7-11. 

52. A.V.Willaims and W.2telinsky, "On Some Patterns in 
International Tourist Flows", Economic Geography 46 
(1970) pp. 549-67. 

53. D.Deka, " Regional Analysis of Road Transport in the 
Brahmaputra Valley - A study of its Development and 
Potentialities", Unpublished Ph.D. thesis submitted to 
Gauhati University. 1979. 

54. S.B.Medhi, "Impact of Railways on the economy of Assam 
with special reference to post-independence periods", 
P^Phil submitted to Gauhati University, 1972. 
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in Assam, Urban passenger transport issues have been 

analysed by Medhi and Sharma 

However, no studies have been attempted on any 

transportation issues in intracity situation and speci­

fically on the city o£ Shillong. 

55. A,K.Medhi, " Problems of Urban Passenger Trmaspor-
tation : A Case Study of Vishwanath Charali", 
M.Phil thesis submitted to N.E.H.U., 1987. 

56. C,Sharma, " City Sus Service in the City of Guwahati: 
A Geographical Analysis", H.Phil Thesis. Gauhati 
University. 1988. 
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CHAPTER - I I 

DATA AND METHODOLOGY 

2 . 1 Data 

Keeping In view the objectives of the study, both 

primary and secondary sources of data have been utilised. 

These are as follows : 

2.1,1 Secondary Sources : 

Secondary information relating to the areal extent 

of the constituent units of Shillong Urban Agglomeration 

its population and growth rates etc, were derived from 

Census of India publications . Information relating to 

the road network map of Shillong city have been obtained 

from maps collected from the Town and Country Planning 

Department, Government of Meghalaya, Shillong, and the 

Survey of India, North Eastern Circle, Shillong. Other 

materials such as road length statĴ tics and traffic surveys 

along the National Highways etc. were obtained from the 

Public Work Department, Government of Meghalaya, Shillong, 

while statistics relating to the number of registered 

vehicles in Shillong, annual increase in number of vehi­

cles etc, were obtained from the office of the District 

Transport Officer. 

1. Census of India Publications include : 

Census of India 1911, Vol. Ill Assam Part II, 
Census of India 1921, Vol. Ill Assam Part II, 
Census of India 193 1, Vol. IX, Assam Part II, 
Census of India 1951, Vol.XII, Assam Part I-A and 

particularly Census of India, 1981, Series XIV, Meghalaya 
Part II-A and B. 
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2,1,2 Primary Sources : 

Data relating to traffic flow at selected nodes 

ofthe network was collected from fieldwork. The traffic 

survey was conducted in the following manner, seventeen 

major nodes were selected, each representative of the 
2 

seventeen units of the city , At each of these nodes 

(point locations or road intersections) a traffic count , 

was taken for a minimum period of fifteen minutes, at 

different peak hours - once during the morning peak period 

and once during the evening peak period. Generally, the 

morning peak period was identified as being between 8,30 

to 10,30 A.M., with the evening peak traffic been clacu-

lated between 3,30 to 5.30 P.M. 

This period of peak traffic flow, would vary from 

area to area depending upon its prime function. Thus, the 

time of enumeration is different in the case of educational 

areas from administrative or market areas. Correspondingly, 

the evening peak period at Don Bosco and Dhankheti, (both 

educational areas) were taken as varying between 2.45 to 

3.15 P.M., due to the 3 o'clock termination time of 

school; whereas for Police Bazar - a shopping-cum-

administrative area, the peak traffic period was between 

5.00 to 5.30 P.M. 

2. The Shillong Urban Agglomeration comprises of the six 
townships of Shillong Municipality, Shillong Canton­
ment, Mawlai, Madanryting, Pynthorumkhrah and Nong-
tBrjymmai. The Municipality is divided into twelve wards -
taking these twelve wards and the remaining five towns 
the study area is divided into seventeen units. 
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In order to iron-out any irregularities that may 

have crept into the traffic survey, the surveys at each 

point were conducted twice for each peak period (morning/ 

evening), at different times on different v/orking days. 

For example, if the evening survey on day 1 was conducted 

proceeding from point A to point E from 3 P.M. to 5 P.M.; 

the survey order was reiê ersed on day 2, proceeding from 

point E towards point A during the same time period, with 

a traffic count for a minimum of 15 minutes per location. 

At busy junctions where traffic load was too heavy to be 

accurately conducted by a single person, three or four 

enumerators simultaneously counted traffic flow on diffe­

rent roads emanating from the junction;. 

The traffic flow count was enumerated under the 

following categories : 1) Buses, 2) Cars and Jeeps, 3) 

Trucks and 4) two wheelers. 

(There are no non-motorised vehicles in Shillong, except 

a few pony carts used to transport goods). 

2.2 Methodology 

On the map of Shillong, 61 nodes were selected 

representing the different localities of the city, but 

with a bias towards the important wards of Shillong Muni-

ciaplity - more nodes being selected from wards like 

Laitumkhrah, Malki, Police Bazar and Bare bazar, than 
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those from peripheral areas of the Shlllong Urban Agglo­

meration (SUA) such as nonthern part of Mawlai, Madan-

rytlng and Pynthorumkhrah. This selection process was 

based on the population concentration of the area and the 

availability of functions - retailing or administrative 

etc. in the area, which is important from the point of 

view of traffic flow. 

These 61 nodes of the network were idealized in 

the form of a graph comprising of points (nodes or verti­

ces) and lines (edges, arcs or routes), using graph theory 

- a branch of topology, dealing with abstract configura­

tions, to study a simplified version of the more complex 

reality. 

3 
Garrison observed that tv/o types of indices prove 

useful : 1) those dealing with properties of the network 

as a whole; and 

2) those describing individual elements of the 

network. 

2.2,1 Analysis of Aggregate Network-Characteristics 

Considering the indices dealing with properties of 

the whole network first, i.e., with the connectivity of 
4 

the network , the following Indices have been used : 

3. W.L.Eterrison (1960) : "Connectivity of the Interstate 
Highway System", Regional Science Association, Papers 
and Proceedings, 6, 121-137. 

4. Taaffe and Gauthier, op.cit.,p.105.("The degree of 
connection between all vertices is defined as the con­
nectivity of the network"). 
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(1) alpha Index (« ) 

(2) Gamma Index (T") 

(3) Beta Index (P ) 

(4) Cyclomatic Number ( M- ) . 

The indices used belong to the category of planar graphs, 

i.4., graphs in which no edges, (arcs/roads) intersect 

except at vertices (nodes) , 

The Alpha Index is a ratio ofthe measure of the 

number of actual circuits to the maximum number of circuits 

which could exist in a given network , The formula for 

calculating it is as below : 

oC = (E - V + G )/(2V - 5) 
n n n ' n 

where. 

V is the number of vertices, E isthe number n n 
of edges and G the number of sub-graphs in the 
system, " 

Multiplying the alpha Index by 100 gives it a range of 

0 - 100, thereby affording a percentage interpretation. 

The Gamma Index isthe ratio of the niimber of edges 

in a network, to the maximum number of edges possible in 

the network and is expressed by the formula : 

5. W.L,Garrison and D.F.Marble (1962), "The Structure of 
Transportation Networks", U.S.Army Transportation Command, 
Technical Report, 62,- II, p. 24 - as cited in R.G. 
Chorley and P.Haggett,(eds), Models in Geography,Methuen 
and Co., London (1967), p.634, 

6. Taaffe and Gauthier, op.cit,. 1973, 
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actual edges e 
maximum edges 3(v - 2) 

where, e = number of edges, v = number of vertices. 

Network connectivity as measured by the Gamma Index 

evaluates the degree to which the network deviates from 

an unconnected graph and approximates a fully connected 

one» Like the Alpha Index, it is expressed as a pe rcentage 

when multiplied by 100, 

The Beta Index is a simple measure of network 
7 

connectivity and is computed using the formula :-

e 
^ = V 

where, e and v represent the edges and vertices of the 

network respectively. 

If the Beta Index is zero, as is theoretically 

possible, the network system would be absent. 

Values less than 1 indicate disconnected or poorly 

connected networks, while a value of 1 indicates a simple 

connected graph with minimum connectivity and only one 

circuit; values greater than 1 (with a maximum limit of 
g 

3.0) indicate higher values of connectivity , and a com­

plicated network structure. 

7, R.G.Chorley and P.Heggett, "Network Analysis in Geography", 
Edwin Arnold, London 1969, p. 32 - as cited in A.B. 
Mukherjee, op.cit.. 1973. 

8. M.H.Yeates, "An Introduction to Quantitative Analysis in 
Economic Geography. McGraw Hill Book Co.,New York,1968, 
p.115. 
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The Cyclomatic Number is one of the fundamental 
9 

indices of graph theory and is written as :-

M- = e - v + p 4 

where, 

e = edges, v = vertices and p = non-connected 

sub-graphs, 

Highly connected graphs have higher cyclomatic 

numbers, and in conjunction with the alpha index, provides 

a sensitive measure of network connectivity 

2.2,2 Analysis of Nodal Characteristics 

The indices noted above are useful for measuring 

the connectivity ofthe network as a whole. However, a 

geographer is not interested solely in considering the 

aggregate characteristics of the network, but also in 

"identification of the spatial structure of the component 

node-linkage associations of the network" and in under­

standing the individual nodes in terms of their importance, 

functions or accessibility with the rest of the nodes/ 

network. 

Here again, graph theory provides a convenient 

means of measuring the accessibility or importance of 

9. Chorley and Haggett (1969) as cited in A.B.Mukherjee, 
op.cit.. 1973. 

10. Ibid, p.44 

11. Taaffe and Gauthier, o p . c i t . . 1973, p .116. 



3G 

individual nodes of the network. In order to determine 

nodal accessibility,the network is abstracted as a graph 

and information on the relationship between the various 

pairs of nodes is entered into the different cells of 

the matrix. 

At the simplest level, cell entries may record 

the presence or absence of a direct connection or linkage 

12 
between a pair of nodes in the network . This presence 

or absence of connectivity between nodes can be called 

a connectivity matrix or a binary matrix,since the cell 

entries are either 1 or 0. The value 1 indicating the 

presence of a direct connection between a pair of nodes, 

and 0 indicating the absence of direct connection betv/een 

a pair of nodes. The difference between the connectivity 

matrix and the alpha or Beta Indices lies in the level of 

analysis; thus while the alpha index describes total net­

work connectivity, the connectivity matrix is connectivity 

between a pair of nodes and not for the whole network. 

The size of the connectivity matrix is 61 x 61, 

and the summation of the individual rows of the matrix 

produces a suJa-total ofthe connectivity of the node repre­

sented by that particular row. The sum of each row is equal 

to the total number of direct connections from that node to 

12. Taiffe and Gauthier, op.cit.. 1973, p.117. 



the remaining nodes, and has been defined as the Decree 

of a Node"^^. 

However, a particular node may have good accessi­

bility in terms of the rest of, the nodes via indirect 

connections, although it may not have many direct connec­

tions. An indirect connection is a linkage between two 

nodes which passes through one or more intermediate nodes,. 

Clearly, indirect connections are also important in deter­

mining the connectivity of nodes vis-a-vis the rest of 

the nodes, 

The indirect connectivity between pairs of nodes 

can be determined by matrix multiplication of the rows 

14 

of the matrix by the columns of the same matrix .Multi­

plying row one by column one the calue of the first 

element is derived, multiplying row one by column two 

the second element of the first row of a new matrix, which 

is a squared matrix,(square of the direct connectivity 

matrix)is derived. In this process multiplying all the 

columns by each of the rows of the connectivity matrix 

finally results in the squared matrix which is a matrix 

of indirect connectivity. This process of matrix multipli­

cation can continue and the power of the matrix can be 
15 raised to the nodal diameter ofthe network j however 

13. Taaffe and Gauthier, op.cit,. 1973,p,119 
14. Ibid, p.120 
15. The diameter of the matrix is defined as the shortest 

path between the farthest two nodes of the network; 
shortest path in terms of minimum number of nodes 
crossed in reaching the one farthest node from the other. 
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in the present study only the first level of indirect 

connections, obtained by raising the power of the binary 

connectivity matrix to two, has been considered. The 

first level of indirect connectivities implies the link­

ages between the two nodes via a third. 

The binary connectivity matrix and the squared 

matrix referred to above deal with the connectivity charac­

teristics of the network. 

Another nodal characteristic, is the centrality 

of a node and its relative accessibility. This follows 

from its connectivity characteristics in terms of distance 

travelled in reaching the J nodes from the 1 node. 

To this end, a matrix of the actual distance from the i^^ 

^node to the remaining j node has been constructed. Sum-

mating along the rows provides the total distance travelled 

to reach the j nodes from the i node. This aggregate 

travel distance of a node, is a measure of the centrality 

and relative accessibility of that node, andthe higher the 

accessibility of a node, the lower the distance travelled 

17 and vice-versa. 

The aggregate travel distance, derived as above, 

has been treated as an accessibility variable and using 

16. H.Ramachandran, o p . c i t . . 1981. 
17. I b i d , p . 5 5 . 
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factor analysis techniques (in this case principal 

18 
component analysis ), an attempt is made to interpret 

aggregate characteristics of the network, and also in 

analysing the importance of the individual nodes by 

generating an eigenvector. The nodes have classified 

into high, meditim, low-medium and low accessibility 

groups on the basis of the eigen vector and accessibility 

isolines have been drawn. 

In the present study, principal component ana­

lysis has been used not for making an index, but to finji 

out if there is any underlying feature being represented 

by the actual distance matrix. 

Another matrix, along much the same lines as the 

actual distance matrix above, recording straight line 

distances ( i.e., crow flies distance ) between nodes was 

represented. In this matrix each element records the direct 

distance between the i and the j node. Summation 

along the rows gives a v ector representing the direct 

distance from the i node to the remaining J nodes. 

This vector expressed as a ratio of the actual travel 

19 distance vector gives the tortuosity index or tortuosity 

ratio of the nodes of the network. 

18. M.G.Kendall's method of Principal Components has been 
used; M.G. Kendall, " A Course in Multivariate Analysis. 
Griffin, London (1957). 

19. J.P. Cole and C.A.M. King, " Quantitative Geography " 
John Wiley and Sons Ltd., London (1968), p. 563, 



40 

Interaction between population of different areal 

units takes place in various ways. This could be in the 

form of commuting, work trips, shopping trips or tele­

phone calls etc. For the present study vehicular traffic 

has been taken as an index of spatial interaction within 

the Shillong Urban Agglomeration, As stated earlier, 

traffic survey was conducted at seventeen nodes of the 

study area. The fifteen minute surveys were converted 

to one-hour peak periods and the entire day's traffic 

considered as comprising of two such peak periods inter­

spaced by a trough traffic period, with the latter taken 

as fifty per cent of the average of the morning and eve­

ning peak periods. As the survey took into account various 

types of vehicles, different weightages have been alloted 

to them,. After the passenger traffic was calculated, an 

approximate figure for pedestrian movement (based on 

observation) as fifty per cent of passenger traffic was 

calculated to derive the estimatedinteraction figure of a 

unit with the remaining units during a day. 

At the second level, estimated interaction figures 

between the seventeen units has been calculated using the 

gravity model on projected figures for 1991 and 2001. 

Gravity models are the mostly widely used types of inter­

action models and are mathematical formulations used to 

20 analyse and forecast spatial interaction and have been 

used not only in areas of human geography such as traffic 

20, K.E.Haynes and A.S.Fotheringham, "Gravity and Spatial 
I^eraction Models.Sage Publications Inc.,Beverly Hills, 
/ ^ r\ r\ A \ 
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and commodity flows, retailing and urban analysis etc. but 

21 22 

in new fields such as archaeology and linguistic geography. 

The gravity model is not without limitations and its mecha­

nical use can produce inaccurate results, thus modifica­

tions to the basic model and careful use of exponents on 

population in the model are required. In the present study 

the gravity model has been used in forcasting expected inter­

actions between the seventeen divisions of the Shillong 

Urban Agglomeration. The area, population size, decadal 

variation etc, of these seventeen areal divisions was col-
24 lected from the Census of India publications. For 1971 

25 relevant data was used from the 1971 Census of India. 

On the basis of the growth rate of population between 

1971-81, the population sizes of the six townships of the 

Urban Agglomeration was projected for 1991 and 2001. 

21. J.R.Clark, " Measuring the Flow of Goods with Archaeo­
logical Data ", Economic Geography, 55, (1979),pp.1-17. 

22. H.Trudgill, "Linguistic Geography and Geographical 
Linguistics", Progress in Geography 7. (1975)pp. 227-252. 

23. Please refer to footnote 2 of this chapter. 

24. Census of India, 1981, Series XIV, Meghalaya, Part II A&B, 

25. Census figures for Madanryting and Pynthorumkhrah are 
not available, as these two towns were added to the 
Shillong Urban Agglomeration only in 1981. 
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Next the seventeen units were classified on the 

basis of the predominant economic activity of the unit, 

into commercial, administrative, educational and resi­

dential areas; and different weightages were alloted 

to them. These weightages were used in the gravity model 

on the populations, (projected for 1991 and 2001). For 

calculating the distances between the seventeen units, a 

central location or major intersection in each of the 

units was selected, and treated as the distances between 

them, although most of the divisions possess common boun­

daries. The results of the estimated interactions for 

1991 and 2001 thus obtained have been compared with the 

estimated interaction during 1990, and the relationship 

statistically tested. A detailed discussion on the .above 

is given in Chapter IV. 
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CHAPTCR III 

NETVJQEIK STilUCrU.lE 

3.1. Introduction 

In the present chapter the structural characteristics of 

the intra-city road network(topological) of the city of Shillong 

will be considered. Broadly the study of three different charact-

istics has been attempted: 

(a) the aggregate characteristics of the network, 

(b) the connectivity characteristics of the network, and 

' (c) the accessibility characteristics of the nerwork. 

The city of Shillong is an agglomeration of six townships 

contiguous to one another and in intrgrated functional relations 

so that the entire agglomeration functions as one city. The overall, 

population of the agglomeration which was 174,703 in 1981 is exp­

ected currently to cross 300,000. Since the city is located largely 

on an undulating valley area at about 5000 feet above MSL, it has 

over time spread out over a large geographical area. Although 

Shillong Municapality extends over 10.36 square km, being situated 

along the axial transport routes of the city, it has a high ^ 

population density.The city is highly inter-connected within, with 

resonably well-surfaced rinads ^'^^ practically the entire city 

is accessible to vehicular traffic. However, the major traffic 

flows are along the axial routes interconnected with the national 

highway No. 40 and No. 44 which passes through the city, connec­

ting Shillong with Guwahati to the north and Cherrapunjee, flowai 

and Silchar to the South. 

The main areas of the city have many localities 

connected with the main avenues by lanes and by-lanes. For the 
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purpose of the present study, it was not possible to include the 

nodes and roads of the entire network of the city,which is extre­

mely complex and often detailed information is not available. For 

simplicity, 61 major nodes have been selexted from the whole 

network for the present study, as sriown in fig, 3.2. 

3,2 The aggregate characteristics of the Network 

Four indices have been used to analyse the aggre­

gate characteristics of the network. These are the aplha, beta, 

gamma indices and the cyclomatic number , 

The Alpha Index : The Alpha Index is a ratio between 

the actual (existing) number of circuits and the maximum number 

of circuits which could exist in a given network. The range of 

the alpha index is from zero to one. A value tending towards zero 

would^indicate a minimally connected network, while a fully conne­

cted network would be represented by a value of one, or a value 

tending towards unity. This range can be converted to a percentage 

interpretation by multiplying by 100. 

In tte present network, the ajpha index works out 

as OC = ^I " f^ "*" n X 100 = 31,62% . The value of 31,62% 
/ X O 1 — D 

I 

indicates a low to medium connected network for the city. The 

number of existing circuits is only one third of the total possi­

ble circuits that could exist in the network, 

1. These nodes are discussed in Chapter - II, in section 2.2.1. 
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Beta Index : This is a simple measure of netvKirk 

connectivity. The value of the beta index is positively related 

with the degree connectivity of the network. The beta index 

ranges from 0 to 3.0 for planar graphs, with index values less 

than 1 indicating poorly connected (or even disconnected) graphs, 

the value of I indicating the presence of a single circuits and 
2 

values higher than 1 representing complicated network structure. 

The Beta Index for the Shi1long road network is 

97 

This indicates a complex network structure with 

more than a single circuit and a high degree of interconnection 

between the nodes. However, there is ample scope for greater 

linkages between nodes as some nodes have poor connections, 

reflected by the beta value in terms of the highest possible 

beta value - which works out to be only 53% (i.e., j ^ x 100 = 53%) 

•Gamma Index : This index is the ratio of the number 

of edges existing in the network to the maximum number of edges 

that could exist in the sa,e. Thus, the gairana index evaluates 

the degree to a given network deviates from an unconnected graph 

3 
and approximates a fully connected one 

97 _ 97 
3161^2) ~ 177 

V - .97 _ 97 _ 

2. Kansky, op.cit. 1963, p. 16. 
3. Taaffe and Gauthier, op.cit.. 1973, p.104 
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The gamma value of 54.8/i iixdicates a idediuin 

to high level of connectivity and although it tends 

towards a well connected graph, in order to be fully 

connected its edges would have to be increased by almost 

80% (180% of existing 97 edges = 176.4, approximating 

177 in the gamma value calculation above). 

The Cyclomatic Mumber : The Cyclomatic Number 

is defined as the maximum number of fundamental circuits 
4 

in the graph, for connected graphs, 

Thp cyclomatic number is positively correlated 

with levels of economic development and highly developed 
« 

countries possess highly connected transportation networks. 

However, in the case of intra-city transport networks, 

the cyclomatic number is likely to be influenced by fac­

tors such as population distribution, economic activities 

of the population, size and status of the urban centre etc. 

The cyclomatic number for this study is 

fX = 9 7 - 6 1 + 1 

= 37 

This is indicative of a complicated network 

structure with as many as 37 fundamental circuits in the 

6 

4 . Kansky, o p . c i t . , 1963, p . 12 
5 . Mukerj i , o p . c i t . . 1974, p ,44 
6 . Kansky, o p , c i t , . 1963, p ,12 
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network. The nunib̂ r of circuits would be greater if the 

number of edges were higher. For instancd, if the beta 

index was 3.0, the resulting cyclomatic number would 

be significantly higher : 

= -f = ^ = 3.0, X = 183. 

Applying this new number of edges to the cyclomatic 

number we get : = 183 - 61 + 1 = 123. The number of 

existing fundamental circuits, i.e., 37, would increase 

more than three-fold in the present network, if it was 

fully connected. Thus although the number of fundamental 

circuits is high andthe structure complex, the network 

is not structurally high connected and the cyclomatic 

number is only a th±±d of its maximum, 

3,3 The Connectivity Characteristics of the Network 

The process of reduction of the actual road 

network to a topological network, not only provides 

aggregate characteristics and indices thereof, which have 

been outlined earlier but also the topological (mathe­

matical) relations of the connectivity structure of the 

network, A simple mathematical reduction of connectivity, 

between the nodes of the natwork can be represented by 

present of an actual direct connection as one, and absence 
7 

of such a connection by zero . In this process a matrix 

7. Taaffe and Gauthier, op,cit.. 1973, p,117 

N 
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of the order of the nodes of the network ( 6 1 x 6 1, 

in this case) can be generated representing all the 

connected or unconnected nodes of the betwork by a 

simple binary matrix. 

By a simple row summation process, a vector 

can be generated representing the total direct connec­

tions of the i^ node with all the j*^^ nodes. In the 

ideal situation, the maximum such connections would tend 

to be 1 less than the order of the matrix, i.e., 61 - 1 
a 

=60. However, there could be great variations between 

the different nodes and their connectivities depeading 

on their economic and accessibility significance. For 

example, it is expected that either the C.B.D. areas 

are highly connected or the C.B.D, areas emerge where 

a high level of model connectivity exists. 

Table 3.1 provides information on the direct 

and indirect connections of all the 61 nodes 
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Table 3.1 

Direct end Indirect Inter-nodal Connections 

Node! Name of the Node 
No. ; 

1 
1 
1 
1 
1 
f 
1 
1 
1 

• -

Wrect; Direct 
Donne I Conne 
btionsj ctions 
I 1 Quar 
; : tile 
1 I class 
I 1 es 

Indirect; Indirect 
Connect 
ions 

Connect 
ions 
Quartile 

classes 

(1) 12) (3) 111 (5) iAi 
1. Allogodam P.B.H. 
2. Nongthymmai B.S. 
3. Umpling Bazar 
4. Jellishop 
5. Jingkieng 3.S. 
6. Jingkieng-Fire Brigade Int. 
7. F.B.-Nagaland House Rd.Int. 
8. Fire Brigade 
9. Laitumkhrah P.B.H. 
;u. Laitumkhrah Police Point 
11. Upland Rd. - Redhill Rd. Int. 
12. Don Bosco Square 
13. LoEeto, Dhankheti 
14. Law College, Dhankheti 
15. Old Jowai Road 
16. Risa Colony Rd. 
17. Malki B.S. 
18. Barik B.S. 
19. State Library -Civil Hosp.Int, 
20. I;G.P"s Office 
21. Civil Hospital 
22. Civil Hosp.-Bowell Rd. Int. 
23. General's Point Laban 
24. Patricia Rd. -Laban 
25. Lady Kerr Welfare Centre 
26. Circuit House 
27. Patricia Rd.-Amzad Ali Rd.Int, 
28. Petrol Pump near Anjalee 
29. Military Hospital 
30. J.S.Rd. -Lukier Rd. Int. 
3 1 . D i s t r i s t Counci l ' s Office 
32 . A.G.Off ice-Kacher i B .S , 
3 3 . A.G. Office 
34. N.E.C. SHcretariat 
35. Bishop Cotton Rd.McCabe Rd. 
36. Camel's Back Rd. 
37. Bivar Rd. -Bishop Cotton Rd. 
30. Police Bazar Police Point 
39. Bouchier Rd.Police Bazar Int. 
40. Arunachal Secretariat 

3 
3 
5 
3 
4 
4 
3 
3 
2 
2 
2 
5 
4 
2 
6 
2 
4 
5 
3 
4 
3 
3 
3 
3 
2 
2 
3 
3 
3 
3 
2 
3 
4 
3 
5 
4 
2 
5 
3 
3 

II 
II 
IV 
II 
III 
III 
II 
II 
I 
I 
I 
IV 
III 
I 
IV 
I 
III 
IV 
II 
III 
II 
II 
II 
II 
I 
I 
II 
II 
II 
11-
I 
II 
III 
II 
IV 
III 
I 
IV 
II 
II 

7 
11 
14 
12 
14 
13 
9 
9 
5 
7 
10 
19 
15 
8 
26 
7 
17 
20 
12 
13 
11 
11 
10 
10 
6 
7 
7 
8 
@ 
7 
8 
13 
14 
14 
21 
15 
8 
16 
10 
9 

I 
III 
III 
III 
III 
III 
II 
II 
I 
I 
II 
IV 
III 
I 
IV 
I 
IV 
IV 
III 
III 
III 
H I 
II 
II 
I 
I 
I 
II 
H 
I 
' H 
III 
III 
III 
IV 
III 
II 
IV 
II 
II 

Continued on following page 
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ill in 
4 1. Police Point -Barabazar Bata 
42. City B.S. - Barabazar 
43. Barabazar Police Point 
44. Lower Mawprem Rd, NH 40 Int. 
45. Polo Rd.- Jail Rd. Int. 
46. Polo Rd,- Bishop Cotton Rd.Int. 
47. Welsh Mission Hospital 
48. St. Joseph's Convent,Jaiaw 
49. G.S, Rd. lewrynghep 
50. Long Round Rd. -Jaiaw Rd. Int. 
51. Riatsamthiah 
52. Shillong Polytechnic 
53. NEHU Campus - Mawlai 
54. Happy Valley B.S. 
55. Happy Valley Rd. 
56. Madan Laban-Kench's Trace Int, 
57. Beadon Falls Rd. Junction 
58. Jhalupara Rd. Junction 
59. Lalchand Basil 
60. Air Force Base - Upp. Shillong 
6-1. Motinagar P.B.H, 

131 

2 
2 
4 
5 
4 
4 
3 
4 
3 
5 
2 
2 
1 
2 
2 
4 
2 
2 
2 
2 
2 

1^ 
1 
1 
III 
IV 
III 
III 
II 
III 
II 
IV 
I 
I 
I 
I 
I 
III 
I 
I 
I 
I 
I 

151 

7 
7 
11 
13 
15 
18 
11 
15 
14 
15 
7 
6 
2 
7 
5 
14 
7 
5 
10 
6 
8 

(6) 

I ' 
I 
III 
III 
III 
IV 
H I 
III 
III 
III 
I 
I 
I 
I 
I 
III 
I 
I 
II 
I 
II 

* P.B.H. - Police Beat House 
B.S. - Bus Stop 
Int. - Intersection 

In order to classify the column representing direct connec­

tivity into quartiles, the table 3.2 was constructed :-

Table 3.2 ; Direct Connectivity Quartlle Classes 

No. of Direct Connections Frequency I Cumulative 
; Frequency 

1 - 2 

3 - 4 

5 - 6 

21 

32 

8 

21 

53 

61 

Dividing t h e s e r i e s i n t o q u a r t i l e s we g e t 0 .,Qj and Q^ as : 

Q^ = L^ + ( ^^^f ^ ) X h 

Q^ = L^ + f ^^^f ^ ) X h 

Q3 = L^ -. ( 
3 N/4 

) X h 
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helps in identifying the level and pattern of indirect 

connections between nodes as well as the aggregate indi-

rect connections of the i node of the network. For 

example, two nodes of the same level of direct connec­

tivities, say one each, might possess very high degrees 

of indirect connectivities, while nodes with high level 

of direct-connectivities may possess low degrees of 

indirect connectivities . 

Table 3.1 also provides the aggregate indirect 

connectivity vector, generated through the row-summing 

process. By classifying this vector into quartile classes 

one can identify the various degree of indirect connec­

tivities of different nodes as well as gauge the relation­

ship between the indirect and the direct connectivities. 

From column 5 of table 3.1., the following is 

derived : 

Table 3.3 

No. of Connecti 

5 

5 - -8 ' 

8 - 1 1 

1 1 - 1 4 ; 

14 -17 
17 -20 

20 

. v i t i e s Frequency 

1 

17 

14 

11, 

12 

3 

3 

Cumulative 
Frequency 

1 

18 

32 

43 

55 

58 

61 
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using t h i s t a b l e , the Ind i rec t connect iv i ty vector has 

been c l a s s i f i e d in to q a a r t l l e s as : 

Q^ = 5 + ( ^^'^^^ "^ ) X 3 = 7.51 

Q2 = 8 + ( ^•"•^4" ^^ ) X 3 = 10.68 

Q3 = 14 + ( ^^'\l " ^^) X 3 = 14.69 

With the f i r s t q u a r t l l e 7, second q u a r t i l e 7 - 1 0 , 

t h i r d q u a r t i l e 11 - 15 and 15 as the fourth q u a r t l l e 
r 

The nodes in the fourth quartile class are those of 12, 

15, 17, 18, 35, 38, 46. Of these nodes, apart from node 

number 35, all of them are located either at the C.B.D. 

area of the city, (i,e,the Barabazar - Police Bazar area) 

or along the two axial transport routes of the city along 

t& two national highways of NH.40 and NH.44. Node 35 and 

46 are located in the .commercial area of Polo Bazar, 

In general it may be said that nodes with 

higher degree of indirect connectivities seem to be located 

at the C.B.D. and commercial ( shopping or bazar ) areas, 

as location along transport routes within the city indi­

rectly implies location at commercial or tertiary areas, 

because subsidiary shopping centres exist along these 

transport routes. 

This is true in the case of the nodes falling 

in the third quartile category as well. Nodes 2 - 6 , 13, 
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indirect 

connectivity. The node number 56 is an exceptions to 

this, as it is peripherally located yet possesses a 

relatively high degree of connectivity. Barring this 

observation, the connectivity of nodes, conforms to the 

C.B.D. and transport route factors. 

3,4 Tortuosity Index 

The tortuosity ratio or detour index is the 

ratio between the actual shortest distances between the 

nodes of a network and the direct distances ( theoretical, 

straight line distaix;e) between the same . This simple 

measure Is calculated as : 

m^^u ,^^Ax. T 3 Shortest Actual Distance between 
Tortuosity Index = rn r-m—T r~T :: 

•' Direct Distance between nodes 
nofles of Network 1,̂,, 

x 100 

The multiplications by 100 gxving the index 

a percentage interpretation. 

For the present study, the shortest (actual) 

distances between pairs of nodes was recorded in the 

distance matrix, while a similar matrix enumerating the 

direct distances (irrespective of the presence of routes) 

between pairs of nodes was constructed. The summation 

of the rows of both the matrices produces a column vector 

for each matrix. These column vectors of the two matrices 

when expressed as a ratio (as in the Tortuosity Index Com­

putation above) give the Tortuosity Index. 

10, Cole and King, op.cit., 1968. 
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In this study, the tortuosity index for all 

the nodes of the network have been considered. 

Table 3,4 shows the tortuosity index of the 
I 
1 

different nodes . It cgn be seen that the Tortuosity Index 

ths 
ranges from 131:;̂  to 209%, although nearly 4/5 of the 

values lie in the 131-161 range. Since the city is an, 

unplanned city, originally meant for a few thousand 

people, the road network does not exhibit any sort of 

pattern and all the roads are winding roads, albeit 

to differing degrees, and the tortuosity index is liigher 

than unity in all instances, the minimum being 130,o of 

the shortest direct distance. 

Although no specific patterns emerge from the 

index values, it can be noted that lower index values 

indicating straighter routes or more direct routes, are 

located along the main traffic routes, viz. nodes 1-0,13, 

14,16-18, 21-22, 24-27, 38-41 and 43-44. 

However, two short segments of the main traffic 

routes -viz. the Laitumkhrah and the - Policebazar -

Kacheri - IGP segments have higher tortuosity indices. 

Lower tortuosity indices are evident in the 

centrally located nodes ( cf. Fig. ). Thus, nodes 
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17-22 are centrally located and have relatively ]ov;er 

tortuosity indices ( and hence more direct routes); 

conversely the perii'heral nodes of the betv;ork, 45-46, 

50, 52-54, 55 and 57 have relatively higher tortuosity 

scores. 

There are, however, exceptions to the above, 

for example, nodes 55 and 60, are located in the periphery 

of the network, but still have low/good tortuosity index 

values; while nodes 32-34 are located adjacent to the 

central part of the network, yet have fairly hiyh tortuosity 

scores. 

Some nodes, e.g., 36,38,40,41,43-44, have 

relatively low tortuosity scooes. This could be attribu­

ted to either/ both the following : 

(i) location along the major traffic routes, 

(ii) central location In terms of the accessibi­

lity to the rest of the nodes, while all these nodes lie 

along the major traffic routes, nodes 38,40 and 4 1 are 

located within the 150 Km. line; nodes 36,43 and 44 within 

the 180 Km. line. 

Hov;ever, nodes 3 2-34 are exception to the above 

in that they are not only centrally located but also situa­

ted on the major traffic route, yet possess only medium 
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tortuosity scores and not low tortuosity scores as would 

be expected. The Tortuosity scores do not correlate with 

population density or with areas with concentration of 

economic activity as in the case in inter-city tortuosity 

indices, but can be linked with location of nodes in 

terms of accessibility to the remaining nodes, and loca­

tion along the raain traffic routes of the network. 

3.5,1 Accessibility Mapping 

Within one integrated network, as in the pre­

sent case, it is possible to find each node is either 

directly or indirectly connected with all other nodes 

even though the travelling distance might increase consi­

derably. In order to determine the centrality of a node and 

its relative accessibility, a matrix of the actual distances 

between the i and all the remaining j nodes has been 

represented in a square matrix of 61 x 61 dimension. 

Summing up all the actual distances along the 

rows provides a vector representing the aggregate distance 

of the i node vis-a-vis the rest of the nodes, as if a 

traveller was making trips to all the j nodes in turn. 

By classifying this vector we can understand a preliminary 

11. This is the actual distance matrix referred to in 3.4 
of this chapter. 
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accessibility characteristic by accepting the loqic that 

the greater the aggregate distance, the lower is its 

accessibility and vice versa. 

Column 2 of Table 3.4 shows the aggregate 

distance of all the 61 nodes. This vector has been plotted 

on a map. From hbe map, it can be seen that in terms of 

(least distance) accessibility,nodes 17-22'are the most 

centrally located and accessible set of nodes. Interesting­

ly, all these nodes lie along the major transport routes 

of the city. Adjacent to this core group of nodes are the 

nodes of the Police Bazar and Barabazar area, which is 

the C.B.D. of the city of Shillong. Nodes 32,33,34 and 38 

fall in this area, with offices like the N.E.C.Secretariat, 

Meghalaya Treasury, D.C.'s Office, GPO, cro. Legislative 

Assembly, banking and financial institutions and a host of 

retail centres, located around them. These nodes are bounded 

by the 150 Km. isoline. 

The remaining nodes of the C.B.U. area, i.e., 

nodes 39,4 1,42 and 43 have accessibility scores ranging 

between 140 Km. to 167 Km. Some residential areas and 

educational areas also have high accessibility, viz. nodes 

13-15 which is the Dhankheti - Lachumiere area. 

The medium accessibility nodes with distances 

between 160 Km. to 20U Km., lie to the north-oast, north 

and north%*west of the 17-22 node core area of the network, 

i.e.,in the Laitumkhrah - Dhankheti- Lachumiere area. 
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Oakland area and the Barabazar - Mawiirem atroas 

respectively. Most of these nodes are located along the 

NH.40 and NH.44 routes, with the Kench's Trace - Laban 

nodes-24-27 being the only exception. 

The remaining nodes are nodes of low accessi­

bility and are these nodes located outside the 2U0 Km. 

isoline on the map. These nodes are largely situated in 

the peripheral areas of the city. 

The above analysis suggests that the centraldbty 

and relative accessibility of nodes corresponds closely 

with the geometrical centre of the city and accessibilities 

of nodes decreases as one proceeds outwards from the centre, 

in approximately concentric circles, as is evident from 

the map. 

3.5.2 Accessibility by Factor Analysis 

Using the actual distance matrix, stated as 

earlier, if one is allowed to interpret the matrix repre­

senting a number of variables, (M =61) each node and its 

actual distance with the rest of the nodes appearing as 

an accessibility variable, then v;ith the helf) of factor 

12 analysis technicxues (principal component analysis in 

this case) it is possible to : 

12, M.G.Kendall's method of Principal Components has been used; 
M.G.Kendall, (1957), A Course in Multivariate Analysis, 
Griffin, London. 
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(i; understand one or two aggregate characte- ' 

ristics by explaining the significant eigen roots of the matrix, and 

(ii) the eigen vectors corresponding to the si­

gnificant eigen values woulds indicate the order of importance of 

the individual nodes, since tlie weight vector would correspond 

to each of the corresponding accessibility variables representing 

the individual nodes . 

By factor analysis technique the first î ive 

eigen values were derived. The values and their corresponding 

percentage explained variations are given in table 3.5. 

Table 3.5 

Eigen Balues and Percentage Explained Variations 

Eigen Value Number of Variables Percentage of Lxplained 
Variations 

33.99 61 55.72 

17.60 61 20.as 

3,63 61 5.95 

1.35 61 2.21 

1.09 61 1.78 

From t ab l e 3.5 i t can be seen tha t the highest 

eigen value (now t r ea ted as the f i r s t p r inc ipa l comj^jonent) 

explains 55.72% of va r i a t i ons in the data mat r ix . This value 

i t s e l f i s highly s ign i f i can t s ince from an order of matrix of 
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6 1 this explains more than 50/o of variations in the data matrix'. 

Therefore this eigen root itself is the principal cause, explai­

ning the accessibility significance of the network. 

By using the first principal component an eigen 

vector was generated v;hich is summarized in table 3.6. the values 

are non-normalized. Using this vector, the nodes have been 

classed into high accessibility group, medium accessibility group, 

low-medium accessibility group and low accessibility group. On 

the basis of these values accessibility isolines have been 

drawn (fig. ), 

The 0,9 and 0.95 isolines indicate high accessi­

bility, while the 0,7 and 0,9 isolines indicate mediujn accessibi­

lity. Values between 0,4 to 0.7 represent low-medium accessibility 

while values of less tlian 0.4 show low accessibility. 

As expected, high accessibility scores are asso­

ciated with the nodes located in the central areas of the city, 

• conversely low accessibility scores v;ith nodes located in the 

peripheral areas of the city. 

In fact, there is a steady increase in the value 

of the eigen vector from -0.008 and 0,142 (nodes 54 and 55 in 

Happy Valley) to 0,910 in the case of node 15. This increase in 

evident from table 3.6. Nodes 1 to 15 show a sequential increase 
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in the eigen vector as/proceeds from node 1, Allogodam, towards , 

nodes 13, 14-15 of Dhankheti - Lachumlere. This trerid of liigher 

accessibility scores towards the centrally located nodes continues, 

and the highest set of values at 0.95 shows a clustering at the 

centre of the network. Nodes 18,20,21,22 and 38 being th'c: most 

accessible nodes of the network. 

On all sides of thpse nodes are a group of 

nodes - viz., 15,17,23,24,25,27,33,34,39 and 40 which have acce­

ssibility scores ranging from 0.9 to 0.95. These two sets of 

nodes together constitute the high accessibility group of nodes. 

As noted above, these nodes are located in the geographical cen­

tre of the network. Moreover, the occupy the adjuncture of the 

two National Highway routes, NH.40 and NH,44, which serve as the 

main traffic routes of the city. 

Nodes located in the C.B.D, area of Police 

Bazar and Barabazar fall either in the high accessibility group 

(e.g., nodes 32,38 and 39) or in the medium accessibility group 

(viz. nodes 41,42, and 43). 

The low medium and low accessibility groups of 

nodes are located largely in the outer and peripheral areas of 

the city, as was the case in the distance accessibility of nodes 

(3.5.1). 
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3,6 Summary of Findings 

1, In the aggregate characteristics of the net­

work an analysis of the alpha, beta, gamnva and cyclomatic number 

indices reveals a complex network structure with medium to high 

levels of connectivity and a high number of fundamental circuits. 

The network, however, shows only moderate development as the 

alpha index and the cyclomatic number represent little over 30% 

of the maximum potential development and the beta and gamma indi­

ces slightly more than 50% of the same, 

2. The connectivity characteristics of the 

network analysed in terms of direct connectivity and first level 

indirect connectivity between nodes, show than higher connectivi­

ties exist in nodes located along the two axial transî ort routes 

of the city along NH,40 and NH,44 and in nodes located in the 

C.B.D. areas of the city. This could be due to the retailing 

and commercial centres being concentrated in both these locations 

(i.e., the CBD and in nodes along the National Highways), 

3, The tortuosity scores show that all roads 

of the city are tortuous to varying degrees. This is largely 

because the city is unplanned and partly due to the hilly terrain 

Nodes located in peripheral areas show greater tortuosity, than 

centrally located one. 

4, The centrality and relative accessibility 

of the nodes of the network, measured by actual distance scores 
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and interpreting the accessibility variable using principal 

component analysis shows that in both instances, accessibility 

and centrality of nodes depend on their geographical location 

vis-a-vis the rest of the nodes and also in relation to the 

C.B.D. areas of the city. 
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CHAPTEll IV 

TRAFĴ IC FLOV< 

4 .1 Introduction 

In the span of a century and a quarter, Shillong grown 

from infancy in 1862, when only a few settlements at Laban and 

the market of lewduh existed, to its present population size of 

some two lakhs plus. Its tremendous and consistenct grovjth in popu-^, 

lation has been accompanied by a corresponding diversification and 

expansion of its functional attributes as well as a rapid increase 

in road traffic. The growth of Shillong and its historical hack-

ground is useful in forming a picture of its present set-up. 

The history of Shillong started roughly in 1862, when the 

British attracted by its salubrious climate selected Shillong as 

tno site for a ' station' for their troops. Acquisition of land 

from the Syiem (King) of Myllism in December 1363 put Shillong on \ 

the map as a 4.19 square mile tract comprising of Shillong (Upper 

Shillong 3.13 square miles), lewduh (Civil station - U.54 square 

miles) and lewduh (Cantonment - 0.52 square miles) . 

Since then, the history of Shillong has been a conti­

nuous process of steady and sustained accretion of poijulation, a 

result of the sequential enhancement of Its administrative status. 

1. K.D.Saha, "The Study of Community-wise Distribution anci the 
Gnswth of population in Shillong", in B.B.Gcowami (ed) 
Cultural Profile of Shillong, Anthropological Survey 
of India, Calcutta, (1979), p.4-31. 
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The processes of urban growth get under v;ay with the shifting 

of (a) the district headquarters from Cherrapunji to Shillony 

and (b) the seat of military administration from Gauhati to 

Shillong. in 1864. 

In 1874, when Assam was made a separate province and 

Shillong its capital, the forces of urbanisation were given a 

further boost. At about'this time in 1872, the population of 

Shillong was estimated at 1363, although it was porbably sligh-
2 

tly higher. 

By late 1875, the first unmetalled cart track was opened 

to pony and bullock carts between Gauhati and Shillong. In 1870 

with the acquisition of more land, Mawkhar and Laban were added 

to the existing areas of Jail Road, Police Bazar and Euroj,)ean 

Quarters, Shillong was declared a 'station'. Its population v;as, 
3 

at that time 2149. The following years saw more and more new 

areas being brought under the station, viz. Lachumijre in 1385, 

Kench's Trace and Laitumkhrah during 1900-1910, artfl Jhalupara, 

Jaiaw, Mawlai and Nongthymmai soon after. 

Separation of Assam from East Bengal saw Shillong being 
4 

made provincial headquarters of Assam in 1912, This resulted in a 

large number of government, offices, quarters for government staff, 

medical centres etc, coming up in the towi, along with a large 1 !lk4—• . ; ' ̂ :̂ :V 
2, The Report on the Census of Assam, 1881, Part I, p.32 notes a 

"Small Underestimate of the Population (of Shillong) in 1072." 
3, Assam Chief Commissioner's Proceedings, Home, January, 1802, 

Assam Municipal Report 1880-81, as stated in K.D.Saha, op.cit. 
4, Shillong was the capital of Assam since 1874 till 1905; however, 

between 1905 to 1911, it ceased to he capital of the province, 
which was joined in Hast Bengal. After 19 12 it continued as capital 
of Assam till the creation of the new state of Meghalaya. 
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influx of migrant population into the tovm. With independence 

there VN/as a further expansion of government departments and a 

corresponding population growth in the town. This also led to 

new localities being added to the tô n̂̂ - Motinagar, Bhagyakul, 

Forest Colony and New Colony being such areas. An inflow of 

population from high density areas like the Brahmaputia Valley, 

Bihar, Bengal and Uttar Pradesh took place. Much of the migrant 

population were employed in government departments, and others 

in the business and commercial sector. 

The granting of statehood to Meghalaya in 197 2 made 

Shillong the state capital and the establishment of NEHU in 19 73 

further aided the growth of Shillong, partly countering the out-

migration of large numbers of people to Assam. 

A large number of centrtal governments organisations like 

ICAR, GSI, Survey of India, Botanical Survey of India, Zoological 

Survey, Anthropological Survey, CWC, NEEPCO, NEC, AGO have contri­

buted its continued growth, end the decadal growth rate of 42.32% 

actually took place entirely in the second half of the decade. 

Table 4,1 shows the population growth of Shillong from 

1801 onwards; 
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Table 4.1 

Shlllonq - Population Growth 

Year Population Decadal Increase 
( in % ) 

1881 4,288 

1891 7 ,900 8 4 . 2 3 

1901 9 , 6 2 1 2 1 . 7 8 

1911 13.639 4 1 . 7 6 

1921 17 ,203 2 6 . 1 3 

1931 26 ,536 5 4 . 2 5 

194 1 3 8 , 1 9 2 5 3 . 9 2 

1951 5 8 , 1 5 2 5 3 . 2 0 

1961 1 ,02 ,398 7 5 . 0 0 

1971 1 ,22 ,752 19 .88 

1981 ' 1 ,74 ,703 4 2 . 3 2 

S p u r c e ! n . l , c h a p t e r I I . 

From t h e t a b l e , t a e c o n s t a n t g r o w t h of S h i l l o n g , w i t h a 

r a p i d i n i t i a l g r o w t h , f o l l o w e d by a r e l a t i v e t r o u g h g r o w t h p e r i o d 

(1901-1921) and t h e n a p e r i o d of h i g h g r o w t h ( 1 9 3 1 onwards) i s 

e v i d e n t . Only d u r i n g 1961-7 1 d e c a d e h a s t h e g r o w t h been low; d u r i n g 

t h i s p e r i o d t h e p o p u l a t i o n of Cantonment d e c l i n e d by n e a r l y s i x t y 

p e r c e n t . The g r o w t h d u r i n g t h e l a s t d e e a d e t o o k p l a c e l a r g e l y 

d u r i n g t h e l a t t e r h a l f , as n o t e d e a r l i e r , and i n e f f e c t t h e d e c a d a l 

v a r i a t i o n would be much h i g h e r , which c o u l d i n f l a t e t h e 1991 

p o p u l a t i o n s i z e . 
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4.2.1 Population and Vehicular Increase 

Today Shillong is one of the premier cities of north­

east India, second in importance only to Guwahati. Its major 

functions are administrative, educational and commercial and trade. 

In terms of its administrative functions, the city has 

a plethora of central and state government offices, regional 

offices of public sector undertakings, banks etc. As far as 

education is concerned the city has a large number of schools, 

and colleges located in it, along with two polytechnics and a 

University. In fact, Shillong was stated to have four times more 

educational institutions per square kilometer than any other town 
5 

in India. The city offers a wide range of wholesaling and retailing 

facilities, with the major commercial area confined to the Barabazar 

-Police Bazar area. The city is also a tourist centre with its 

picturesque landscape, numerous waterfalls, artificials lakes and 

an 18 -hole golf course, and attracts domestic as well as inter­

national tourists. 

Along with population increase and functional diversifi­

cation of the city, the vehicular traffic in the city has been 

rqpidly increasing. Table 4.2 shows the number of registered 

vehicles in Shillong and their annual increase. 
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As evident from the table, the number of vehicles 

registered in Shillong has increased rapidly over the ^ears and 

touched the 20,000 mark in early 1989. The rate of growth during 

the 1985-89 period is a staggering 92yi, and with the trend likely 

to continue unabated, the traffic could add further stress to 

the road network of the city, which, as seen earlier, has limited 

connectivity. 

As to what proportions the traffic problem may assume, 

can be estimated by projecting the population figures for the coming 

years; as population increase, interaction levels and vehicle owner­

ship are inter-related facets of the issue. 

Table 4.3 shows the projected populations for 1991 and 

2001 for the Shillong Urban Agglomeration and its constituent units, 

based on the 1971-81 growth rates. 

Table 4.3 

A g g l o m e r a t i o n / 
Town 

S h i l l o n g Urban 
Agglomera t i o n 

S h i l l o n g 
M u n i c i p a l i t y 

Cantonment 

Nongthynunai 

Mawlai 

Madanry t inq 

Fyn thorumkhrah 

P r o j e c t e d P o p u l a t i o n 

P o p u l a t i o n 
1981 

174,703 

109,244 

6 ,620 

2 1 , 5 5 8 

2 0 , 4 0 5 

6 , 1 6 5 

10.7 11 

Area 
(Sq.Km) 

2 5 . 4 0 

10 .36 

1.84 

2 . 9 3 

6 .14 

2 . 1 1 

2.U2 

of S h i l l o n g 

D e n s i t y 
(Sq.Km.) 

1981 

6878 

10545 

3598 

7358 

3323 

2922 

5302 

Popu la 
199 1 

248 ,637 

136 ,140 

9 , 2 6 5 

2 8 , 8 6 2 

29 ,197 

8 ,773 

15 ,243 

D e n s i ­
t y 
(^4.Km 
1991 

9789 

1314 1 

5035 

9851 

477 1 

4 158 

7546 

Poi'U- D e n s i t y 
l a t i (Sq.Km.) 

) 200 1 200 1 

3 5 3 , 8 6 0 

169 ,658 

12,967 

3 8 , 6 4 0 

4 1 , 7 7 8 

12,486 

21 ,694 

13931 

16376 

7047 

13188 

6804 

5918 

10740 
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The population projections for all the units except Pyn-

thorumkhrah and Madanryting which were added to Shillong in 1981, 

(and hence decadal growth rates are nat available) are based on 

their 197 1-81 growth rates. These two newly added towns projected 

population are based on the growth rate of the agglomeration as 

a whole. 

Table 4,4 shows the projected population figures of the 

twelve wards of Shillong Municipality. The 1991 and 2001 projec­

tions are based on the 1971-81 growth rates. 

Table 4.4 

Ward-wise Population Pro lections of Shillong Municipality 

Area ,'1971-81 ! 1981 Density! 1991 Density) 2001 Density 
(sq.km)IVariation; Popul (sq.Km,)! Popul (sq.l<ia.)?opul (sq.Km.). 

<fo/-.^^\ I ^ i . - ! „ „ ^ l . < ^ ^ U 4 . ^ ^ „ !(%aqe) ! a t i o n a t ion jation 
I Laitumkhrah 1.87 

I I European 1,50 

III PoliceBazar 0.1 

IV Jail Road 1.41 

V Mawkhar 0.31 

VI Jaiaw 0.57 

VII S.E.Mawkhar 0.29 

VIII Mawprem 1.08 

IX Kench'sTraceO.66 

X Laban 0.33 

XI Lumparing 1.59 

XII Malki 0.60 

3 3 . 2 1 

3 5 , 1 6 

- 1 6 . 3 0 

5 3 . 3 2 

0 . 7 8 

13.52 

2 1 . 0 9 

4 0 . 3 7 

7 1 . 2 4 

0 . 3 5 

11 .13 

26 .57 

15620 

7604 

2629 

8235 

8869 

10207 

8549 

18408 

6266 

5903 

8150 

8804 

8363 

5069 

2629U 

5779 

20609 

17097 

29479 

16888 

9352 

17361 

5094 

14673 

20807 

10277 

3 2 7 6 * 

12626 

11052 

11587 

10352 

25839 

10730 

7356 

9057 

11170 

11127 

6851 

32760 

8892 

35652 

19978 

35697 

23705 

16015 

21635 

5661 

18617 

27717 

13890 

4002 

19358 

15762 

13 154 

12535 

36270 

18374 

104 91 

10065 

14 138 

14822 

9260 

40820 

13632 

50845 

22679 

43224 

33275 

274 24 

30856 

6290 

23563 

AvA'otal 10.36 24.62 109244 10545 144129 13912 195836 18993 

* based on average growth r a t e of S h i l l o n g M u n i c i p a l i t y . 
Source : 1981 Data from D i r e c t o r a t e of Urban A f f a i r s , Govt, of Meghalaya, 

S h i l l o n g and 1991 & 2001 computed by Resea rche r . 



An analysis of tables 4.3 and 4,4 shows that the popula­

tion of the Shillong Urban Agglomeration could reach the 2,5 

lakh mark by 1991 and cross the 3,5 lakh mark by 2001. Since 

these estimates are based on the 1971-81 growth rate, estimates 

for 1991 and 2001 are conservative estimates and the population 

could grow to larger sizes, gives the fact that the 1971-81 

growth took place mostly during the latter part of the decade. 

When the ward-wise picture is considered, the wards of 

Police Bazar and S.E. Mawkhar (i.e. Barabazar) could be the 

problem areas with densities per square kilometer as high as 

43,000. The case of Mawkhar, where the projected population den­

sity reaches 50,000 per square kilometer, (being based on the 

average growth rate of the Municipality) could be an exaggerated 

projection, as this ward registered a growth of less than one 

per cent in the 1971-81 period. 

However, it is clear that even conservative estimates as 

above, present a rapid grô wth scenario with the 1981 population 

of the city doubling itself by the turn of the century. Add to 

this the corresponding increase in vehicular and increased 

travel trips and the chaotic picture of Shillong is completed, 

4.2.2 Activity Classification 

A broad activity classification has been attempted at 

the ward/town level. Broad in the sense that the ward or town 
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has been classified into either of the following : (aj Conimer-

cial (b) educational (c) administrative (d) residential, cate­

gories on the basis of the major function of that unit; thus 

although a given ward may possess shopping areas, administrative 

centres, educational institutions etc., it has been classified 

as residential, if most areas or the major function of the ward 

is residential. 

For example, Laban ward has been considered as residential 

although sein/ices other than residential (such as educational 

and commercial) do exist, but are not of prime importance. Simi­

larly, the ward of Laitumkhrah has been considered as commercial-

cum-educational, as both these activities dominate, with the large 

number of schools and colleges and the array of commercial activi­

ties along the Laitumkhrah-Dhankheti-Malkl main road. 

The following is the activity classification, based on 
7 

the above procedure and on available census data . 

Table 4.5 

Activity Classification 

Town/Ward No. Name of Ward/Town Major Activity 

I 

II 

III 

IV 

Laitumkhrah 

European 

Police Bazar 

Jail Road 

Commerci al-Educational 

Administrative 

Commercial 

Residential 
(contd....p. ) 

7. District Census Handbook, East Khasi Hills District, Census 
of India, Series XIV, Part H A & B. 
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ACTIVITY CLASSIFICATION 
OF TOWNS 

(OTHER THAN SHILLONG) 

PREDOMINANTLY 
RESIDENTIAL AREA 

TOWN BOUNDARY 

m 

not to scale 
•XBnasBHK&Ma 
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table 4.5 continued. 

ST) 

(1) (2) (3) 

V 

VI 

VII 

VIII 

IX 

X 

XI 

XII 

Mawkhar 

Jaiaw 

S.£. Mawkhar 

Mawprem 

Kench's Trace 

Laban 

Liunparing 

Malki 

Maw la i 

Cantonment 

I>4adanryting 

Pynthorurakhrah 

Nongthynunai 

Residential 

Commercial 

Residential 

As seen from table 4,5 most of the wards and all the towns 

fall in the residential category by this classification -with 

commercial and administrative/educational areas confined to the 

wards of Laitumkhrah, European Ward, Police Bazar and S.E. Mawkhar, 

4.3 Interaction Levels and Gravity Estimates 

The Gravity Model, borrowed from Physics and v/idely used 

in the social sciences and geography, has found acceptance largely 

because of its simplicity . The model suggests that the force of 

attraction between two bodies is proportional to the product of 

8. R.Abler, J.S.Adams and Peter Gould, Spatial Organisation : The 
Geographer's View of the VJorId,Prentice Hall Inc. New Jersey, 
1971, pp. 236-239. 
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their masses, divided by the distance between them, v;itli the 
9 

distance generally but not always squared . 

In human geography the gravity concept along with its 

variations have been used to analyse inter-city, inter-regional 

and intra-city flows, tourist flows, retailing etc. 

In the present study interactions between the seventeen 

areal divisions of the city, has been considered in terms of 

estimated interaction based on ; 

(i) 1990 traffic flows ( based on survey data ), 

(ii) gravity model estimates on population projections 

for 1991 and 2001. 

As stated earlier in Chapter II, traffic flow data was 

collected by a traffic count at seventeen major intersections of 

the city and conversion of the quarter hour surveys to peak hour 

estimate and then to daily estimates were made. Since the traffic 

survey took into account different types of vehicles v;ith diffe­

rent passenger capacities, the following weightages were given: 

Passenger buses = 35 persons 

Cars and Jeeps = 4 persons 

Trucks = 3 persons 

Two lihaelers = 1.5 persons 

9. J.P.Cole and C.A.M.King, op.cit.. 1958, p.503. 

10. The Gravity Concept has been discussed in Chapter II. 
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After daily passenger traffic levels were generated, pede­

strian movement, taken as fifty per cent of the former, were cal­

culated to derive the interaction level for one day. This was 

done at the level of interaction of a particular unit with the 

remaining units in one day. 

Estimated Interaction between the seventeen units is based 

on the gravity model, and the basic model used is as : 

lij = W (Pi) X {P]) 

d^ ij 

where, lij = interaction between the i and' J centres, 

P = population masses of the 1 and j centres, 

d = distance between the i and j centres, and, 

W = a weight given to the population on the basis 
of the activity classification of the centres. 

As the units of the study area have classified on the 

basis of their major activities in 4,2,2., the following weights 

have been alloted : 

Commercial areas = 3 

educational and 
administrative areas = 2 , and 

residential areas = 1. 

The basis of allocation of weights on the basis of activity 

is of'course, purely subjective, but the logic is that the traffic 

generating capacity of commercial or educational areas are many 

times more than a purely residential area. Therefore, it is better 

to assign the highest weightage to the commercial area, medium 
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v/eight to educational and administrative areas and low weigbtage 

to residential areas. 

For distance, a central point in each unit was taken to 

represent that unit. Thus, each of the seventeen units are repre­

sented by a point location, from which vis-a-vis the remaining 

units, distances have been calculated. 

Now, using the gravity model the theoretical interactions 

between the units have been obtained. However, it may be noted 

that : 

(i) since traffic flow data in this study is between 
one unit vis-a-vis the remaining units, estimated 
interaction has also been calculated along these 
lines; 

(ii) since traffic flow data was enumerated during 1990, 
to get a more accurate perspective, the 1981 
population figures were used to project 1991 and 

"̂  2001 population, on which gravity model calcula­
tions were worked out, rather than using the 1981 
population figures. 

With the help of projected population figures for the 17 

city units and distances between them theoretical gravity was 

+h th 
estimated between all the i to j units. This results in a 

17 X 17 square matrix (symmetric) with the principal diagonal 

as zero (or infinity ) represent the theoretical gravity between 

the same unit. By summing the matrix rowwise ( or column-wise) 

the total gravity potential of i unit vis-a-vis the rest of the 

j units were estimated. However, one peculiarity of the theore­

tical gravity is that the gravity quotient is true for the minutes 
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and time frame, it is true for the total interaction between 

the two masses for every instant of time. Since, it accounts for 

all type of interactions, the theoretical figures are lavariably 

large.. However, in the current study the main concern is the 

traffic interaction, chiefly passenger traffic. Therefore, some 

way a reciprocal constant can be found to reduce these figures to 

the human scale. 

On the other hand, we have some knowledge about the actual 

level of traffic flow (as estimated by the survey) between the 

i unit and rest of the j units. Theoretically speaking the 

'estimated passenger traffic' is someway related to the theoretical 

gravity of the system. One can symbolically name theoretical gra­

vity potential as G(t)i and the estimated passenger traffic as 

G(e)i, i representing the sum total of all gravity of i unit 

vis-a-vis the rest of the j units. Moreover, G(e)i represent 

the passenger flow per day (as estimated). For simplicity, the 

figures can be kept as such with the justification that (i) insta­

ntaneous passenger flow is difficult to estimate in the system and 

(ii) the difference may arise in the value of reciprocal constant 

(say I/K) only, therefore the overall validity of the relationship 

of the estimated to that of the theoretical remains the same, 

except for the degree of K. 

G(e)i = (f) G(t)i 

nd G(e)* = a G(t)^ 

or log G(e) = log a + b log G(t) 
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Table 4.6 

Estimated and Theoretical Interactions 

Town/Ward Estimated 
Interactions 

1990 

Theoretical 
Interactions 

( 10^ ) 

1991 

656, 

583, 

699. 

460, 

236. 

2070. 

2Q08, 

2430 

430, 

7722 

924 

5405 

950 

1301 

1136 

260 

592 

,4 1 

,70 

.98 

.37 

.56 

.67 

.12 

.29 

.71 

.56 

.22 

.91 

.61 

.56 

.45 

.14 

.30 

Mawlai 

Cantonment 

Nongthymmai 

Madanrytlng 

Pynthorumkhrah 

Laitumkhrah 

European Ward 

Police Bazar , . 

Jail Road 

Mawkhar '' 

Jaiaw 

S.E.Mawkhar 

Mawprem 

Kench's Trace 

Laban 

Lumparing 

Malki 

16470 

25013 

23855 

8378 

9248 

43529 

39402 

54762 

10268 

15165 

19095 

43758 

284 10 

15285 

18690 

7245 

35615 
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Where G(e) is the expected value of gravity estimated 

(passenger flow) solely dependent on the theoretical gravity, 

G(t) (independent variable) but for the double logarithmic 

relationship. ', 

With such a regression model the actual relationship 

established is highly significant. The equation derived is as 

follows : 

'^ G(e) *= -0.21 + G(e)"^'^-^ 

With R^ = 0.504 

Using 't' test for b shows the estimated 't' of b is 3.91 

at 0.01 level of significance at 16 (x-1) d.f. Compared to the 

theoretical (table) 't' value of 2.92, which is highly significant, 

^ This equation is significant in two ways : (i) first this 

establishes the relationship of the estimated passenger traffic 

as dependent on the theoretical gravity potential (ii) secondly, 

the equation helps us to estimate the estimated passenger traffic 

between all the i and j units ( since this data is not avail­

able to us) by using the G(t)ij figures in the equation and thereby 

deriving the estimated flow between all the i and j units in 

the system. Table 4.7 .shows the cell-wise (unit-wise) estimated 

interaction between the seventeen units for 1991, and allows us to 

identify the units which show high interactions with one another. 
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Table 4.7 

Estimated Interaction 1991 

Town/Ward Mawlai Cantonri Nongthy-
ment mniai 

Madan- Pynthor Laitura- European Police 
rytinq umkhrah khrah VJard Bazar 

Mawlai 

Cantonment 

Nongthymmai 

Madanrytlng 

Pynthor-
umkhrah 

Laiitumkhrah 

European 
Ward 

Police 
Bazar 

Jail Road 

Mawkhar 

Jaiaw 

S.E.Mawkhar 

Mawprem 

Kench's 
Trace 

Laban 

Lumparing 

Malki 

X 

3524 

2737 

3122 

IBOO 

4622 

4487 

5475 

4039 

5692 

1038 

5398 

8064 

2671 

. 20 15 

1808 

2055 

/^ 

1922 

2292 

883 

7268 

4904 

4305 

2467 

3644 

3016 

3904 

6376 

3570 

3054 

2393 

1859 

X 

10157 

1873 

5912 

5020 

2769 

2134 

2237 

1883 

2030 

3123 

3 182 

1981 

2065 

3228 

i 

X 

895 

2809 

2784 

1929 

4475 

2154 

1681 

34 12 

2483 

2144 

1658 

815 

1344 

^f' 

X 

6791 

2741 

1696 

1227 

1290 

1177 

2452 

1902 

1767 

1191 

1204 

1827 

X 

14873 

6256 

4203 

4456 

3573 

4441 

5810 

4638 

3681 

3760 

9610 

X 

14944 

4 168 

5455 

3958 

12146 

6906 

3970 

3224 

1219 

6006 

.• 

X 

3600 

6617 

34 11 

13561 

6089 

2881 

2317 

1967 

3473 

continued on following page 
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Table 4.7 continued. 

Town/Ward 

Ma\i^al 

Cantonment 

Nongthymmai 

Madanryting 

•Jail 
;Road 

Pynthorum]<:hrah 

Laltumkhrah 

European vjard 

Police Bazar 

Jail Road 

Mawkhar 

Jaiaw 

S.E.Mawkhar 

Mawprem 

Kench•s 
Trace 

Laban 

Lumparing 

r4alki 

X 

2570 

2753 

4833 

2837 

2518 

2010 

1358 

2762 

Mawkhar Jaiaw S.E, Mawprem Kench's Laoan 
Mawkhar Trace 

X 

7193 

36395 

34580 

2354 

1732 

969 

2321 

X 

9767 X 

5480 14440 x 

2128 4469 3804 

1515 3259 2794 

1249 1753 2109 

1577 4387 2925 

-

X 

19052 X 

5382 4296 

2593 2527 

Luiapa 
ring 

X 

2099 

Ilalki 

' 

X 
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The highest interaction levels are projected betv/eon 

Mawkhar and S.E. Mawkhar (Barabazar) and between Havjkhar s\d 

Mawprem, reaching 36,395 and 34,580 respectively. S .E.ilawkhar 

or Barabazar is the C.B.D. area (escluding the Police Bazar 

part) of Shillong and the wards of Mawprem and Mawkhar lie 

to its west and east respectively. The high level of inter­

action between Mawkhar and Barabazar is explained by the latter's 

attractive power as a result of its commercial status, and 

also due to the fact that traffic from the Welsh Mission Hospi­

tal (located in Jaiaw, between Mawkhar and Barabazar) passes 

through Mawkhar en route to Barabazar. The main routes affec­

ted by this flow are the Jaiaw Road-Mawkhar Main Road and the 

Jaiaw Road-Riatsamthiah Main Road, both joining the Police Point 

at the Barabazar main junction. The affected nodes being 47-51-43, 

Between Mawkhar and Mapprem the same two routes between 

nodes 47-51 and 43 are affected with an extension towards node 

44 from node 43, i.e., along G.S. Road, and with a smaller sec­

tion, along the Jhalupara-Sunapani Road and the Mawprem Road-

NH.40 Intersection, coming under strain. 

Another high interaction area is that between Laitumkhrah 

and European VJard on one hand and European Ward-Police Bazar on 

the other, both levels in the range of 15,000. 

In the first case between Laitumkhrah and European Ward, 

this interaction is predictable considering that both these wards 
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are not only adjacent to one another, but also that Laitumkhrah 

is a conunercial-educational area while European Ward hosts a 

number ofi educational institutions and administrative centres. 

Moreover, both these wards recorded over 30 pe r cent growth 

during 1971-81. The roads affected by this high interaction 

could be either/both : (a) Laitumkhrah Main Road along Loreto 

Convent, Malki Main Road upto Civil Hospital-State Central 

Library area (b) Laitumkhrah Main Road-St. Edmund's College 

Road-Loreto Convent intersection. 

By the high interaction between European Ward and 

Police Bazar, the iroads affected would be (a) the Jowai Road 

from Lachumiere through the Main Road along Meghalaya Secreta­

riat to Police Bazar (b) Old Jowai Road/ NEHU Administrative 

Building along the GPO/NEC Secretariat-Governor's House Road 

to Police Bazar. 

The high interaction areas so far have been betv;een 

commercial areas or educational or administrative areas . How­

ever, that between Kench's Trace and Laban falls into neither 

of these categories. Both these wards are largely residential 

areas, although there are a few schools in the Laban area and 

small markets in both Kench's Trace and Laban and two Colleges 

in the area. Partly this high interaction level (19000) is 

explained by the highest growth rate among the seventeen units 

of the study area, recorded by Kench's Trace (over 71%) during 
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1971-81. The Kench's Trace-Laban areas has a number of small 

roads which would be the potential problem roads. These are 

the Amjad Ali Road-Patricia Road-Bowell Road, the Rilbong-

Amjad Ali Road,the Shankar Dev College 8oad-Kench's Trace 

Road-Laban Bazar Road routes . 

Another high interaction area is the Nongthymmai-

Madanryting area. This pair of units lie adjacent to one ano­

ther and with the cost of living in the Shillong town (Muni-

ciaplity) area rising, the importance of Nongthyaimai as a 

residential area (with its own market at Nongthymmai and 

Umpling Bazar) could increase substantially. The estimated 

interaction level of 10,000 would increase traffic along the 

Umpling-Nongthymmai Main Road-Allogodam-Happy Valley Road and 

the Jingkieng-Nongthymmai main Road-Allogodam-Happy Valley Road 

routes. Interestingly, apart from the Nongthymmai-Madanryting 

area (both of which are towns) all the other high interaction 

areas are between wards. 

Table 4,8 shows the ratio table between the interaction 

estimates of 1991 and 2001. 

From the table it is evident that in terms of propor­

tionate increase of the level of interaction during 2001 over 

the level of 1991, certain pairs of units could record inter­

actions as high as six times the 1991 level. The interaction 

of Mawprem with the towns of Mawlai, Cantonment, Nongthymmai, 
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Town/Ward 

Mawlai 

Cantonment 

Npnqthymmai 

Pynthor 
Umkhrah 

Madanryting 

Laitumkhrah 

European 
Ward 

Police 
Ba^ar 

JailRoad '̂  

Mawkhar 

Jaiaw 

S.E.Mawkhar 

Mawpram 

Kench' s 
Trace 

Lab an 

Lumparing 

Mai ki 

Ratios of 

Mawlai 

X ••' 

2.00 

1.92 

1.17 

3.54 

1.91 

1.93 

1.78 

2.19 

2.04 

1.13 

1.73 

2.08 . 

2.45 

2.04 

1.59 

1.81 

Ganton-
ment 

X 

1.83 

1.15 

3.46 

1.86 

1.89 

1.74 

2.15 

1.96 

1.59 

2.30 

5.89 

2.39 

2.00 

1.55 

1.68 

Table 4.8 

2001 Estimates to 

Nongthym-
mai 

X 

1.09 

3 .31 

1.78 

1.80 

1.66 

2.05 

1.91 

1.52 

2.19 

5.63 

2.29 

1.90 

1.48 

1.69 

Madan­
ry ting 

X 

2.02 

1.89 

1.91 

1.77 

2.18 

2.02 

1.62 

1.72 

5.99 

2.43 

2.03 

2.34 

2.34 

1991 Estimates 

Pynthor 
Umkhrah 

X 

1.89 

1.92 

1.77 

2.18 

2.03 

1.61 

1.74 

1.99 

-2.43 

2.03 

1.58 

1.80 

Laituri-f 
khrah 

X 

1.80 

1.65 

2.03 

1.89 

1.51 

1.95 

1.86 

2.28 

1.89 

1.48 

1.69 

Euro­
pean 
ward 

X 

1.60 

2.07 

1.92 

1.53 

1.63 

1.89 

2.31 

1.92 

1.50 

1.77 

Police 
Basiar 

X 

1.91 

1.77 

1.41 

1.51 

1.57 

2.13 

1.77 

1.38 

1.57 

Continued onfollowing pa _.e 
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Table 4.9" (continued) 

1 

Town/Ward 1 
1 

Mawlai 

Cantonment 

Nongthymmai 

Pynthor 
Umkhrah 

Madanryting 

Laitumkhrah 

European 
Ward 

Folic-
Basmr 

JailRoad 

Mawkhar 

Jaiaw 

S .E-Mawkhar 

Mawprem 

Kench's 
Trace 

Laban 

Lumparing 

Malki 

Jail 
Uoad 

X 

2.18 

1.74 

1.85 

2.12 

2.62 

1.52 

1.70 

1.94 

Mawkhar 

X 

1.62 

1.72 

2.01 

2.44 

2.03 

2.41 

1.80 

Jaiaw S.E. 
Mawkl"iar 

I 

X 

1.72 X 

1.59 1.69 

1,83 2.07 

1.61 1.72 

1.26 1.34 

1.43 1.53 

Mawprem 

J 

X 

2.40 

2.00 

1.56 

1.77 

Kench's 
Trace 

X 

2.44 

1.90 

2.16 

Laban 

X 

1.58 

1.80 

Lumpa-
rinq 

-

X 

1.41 

Malki 

X 



99 

Pynthorumkhrah and Madanryting is projected as increasing 

between 1.99 to 5,99 times. This increase is just under six 

times between Mawprem and each of the townships of Cantonment, 

Nongthymmai and Pynthorumkhrah. .This is all the more interes­

ting as ,apart from Cantonment, Pynthorumkhrah and Nongthymmai 

are not adjacent to Mawprem. 

Mawprem also records a fairly high ratio of about two 

with the wards of Jail Road, Mawkhar, bench's Trace and Laban. 

This situation, wherein Mawprem records very high interactions 

levels (proportionately) with peripheral areas and high levels 

with residential wards and conversely relatively lower levels 

with commercial-administrative wards like Police î azar, Laitum-

khrah, Eoropean Ward and Barabazar could be due to higher satura­

tion levels reached by the latter group of wards in terms of 

interaction, andhence some sort of a decreased possibility of 

interactions increasing by higher ratios of 1991 levels. 

The case of Madanryting seems to conform to the above 

explanation, where it records high ratios of the 1991 inter­

action level with Mawlai, Cantonment and Nongthymmai (in the 

range of 3.3 to 3.5) and relatively lower levels with other 

areas - except of course with Mawprem as noted earlier. 

bench's Trace records moderately high ratios of the 1991 

level of interaction, ranging between 1.83 to 2.45 with inter­

action ratio above 2.0 in all cases except with Jaiaw (1,83) 
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and Lumparing (1.9). 

From the above analysis it would appear that areas which 

record significantly high ratios of 1991 interaction levels 

are largely those units which prior to 2001 were residential 

areas (or subsidiary commercial/administrative areas) compared 

to the ©ther xmits and have scope for higher interaction, rather 

than attaining a sort of plateau or saturation level as in the 

case of the predominantly non-residential areas. 

Table 4,9 shows the cell-wise Interactions betv.'een the 

seventeen units of the Agglomeration for 2001. Since the 20U1 

estimate is a proportionate picture of the 1991 estimate, the 

most traffic-problem prone areas (or routes) are the same as 

in the case of 199 1, However, the magnitude is of interest here. 

Potential Interaction between Mawkhar and Mawprem is as 

high as 69,500,,' corresponding with Mawkhar and Barabazar at 

62,600, During 1991 the interaction between Mawkhar and Mawprem 

was 34580 which that between Mawkhar and Barabazar was higher 

at almost 36,400, This again conforms to the above explanation 

that interaction between predominantly non-residential areas 

increases at a decreasing rate compare to that betv/een largely 

residential areas. 

Other areas which could be problem areas are those 

between Kench's Trace and Laban (46,500 approximately),Madanryting-
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Table 4.9 

Estimated Interaction 2U01 

Town/Ward Mawlai Canton- Nongthy- Madan- Pynthor Laitum-Suropean Police 
ment mmai ryting umkhrah khrah Ward Bazar 

Mawlai 

Cantonment 

Nongthymmai 

Madanryting 

Pynthorumkhrah 

Laitumkhrah 

European Ward 

Police Bazar 

Jail Road 

Mawkhar 

Jaiaw 

S,E.Mawkhar 

Mawprem 

Kench'sTrace 

Laban 

Lumparing 

Malki 

X 

7048 

5255 

3653 

4602 

8828 

8660 

9545 

8845 

116 12 

1173 

9338, 

16773 

6543 

4110 

2875 

3720 

X 

3517 

2636 

3055 

13552 

9268 

7490 

5304 

7142 

4795 

8980 

37554 

8532 

6108 

3709 

3123 

X 

33620 

204 2 

10523 

9036 

4597 

4375 

4273 

2862 

4446 

17582 

7287 

3764 

3U56 

5455 

X 

1808 

5309 

53 17 

34 13 

9756 

4351 

2723 

5869 

14873 

5210 

3366 

1907 

3245 

X 

12835 

5263 

3002 

2664 

2619 

1895 

4267 

3785 

4294 

2417 

1902 

3289 

X 

26771 

10322 

8532 

84 2 2 

5395 

8660 

10807 

21381 

6957 

5565 

1624 1 

. 

X 

25106 

8620 

10474 

6U56 

19798 

13U52 

9170 

6190 

1829 

1063 1 

X 

6876 

11712 

4809 

20477 

9560 

6136 

4101 

2714 

5453 

Continued on following pa^e 

h'M'S 
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Town/Ward 

Mawlai 

Cantonment 

Nongthymmai 

Madanryting 

Pynthorumkhrah 

Laitumkhrah 

European Ward 

Police Bazar 

Jail Road 

Mawkhar 

J a law 

S.E.Mawkhar 

Mawprem 

Kench's Trace 

Laban 

Lumparing 

Malki 

Jail 
Road 

X 

5384 

4808 

894 1 

6014 

6597 

3055 

2309 

5358 

Mawkhar 

X 

11652 

62600 

69506 

5744 

3516 

2335 

4178 

Jaiaw S.E. Mawprem 
Mav/khar 

X 

16800 

87 13 

3894 

2439 

1574 

2255 

X 

24404 X 

9251 9 130 

6746 5588 

2349 3290 

6712 5177 

Kench's 
Trace 

X 

46487 

10226 

5601 

Laban 

X 

6788 

4549 

Lumpa­
ring 

X 

2960 

Malki 

X 
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Nongthymmal (33600), Cantonment-Mawprem (37,500), Laitujnkhrah-

European Ward (26800) and European Ward-Police Bazar (25100). 

The routes between these areas are those cited in the analysis 

of the 1991 interaction levels,\ 

4,4 Sununary of Findings 

1. The population of the Shillong Urban Agglomeration is 

rapidly increasing and in expected to reach the 2.5 lakh mar}c 

by 1991, and cross the 3.5 lakh mark by 2001 A.D. This means 

that the city's population could double itself in a period of 

twenty years (1981 population = 174,703), which in turn would 

lead to increased interaction and traffic flow along segments 

of the city's roads. 

^ 2. During 1991 increased traffic flow is likely to occur 

between Mawkhar-Harabazar-Mawprem areas and Laitumklirah-Euro-

pean Ward-Police Bacar areas, i.e., between predominantly com­

mercial (non^Eesidential) areas. 

3. During 1991 areas of relatively lower interactions are 

the residential areas, 

4. The residential areas could record more rapidly increa­

sing levels of interaction compared to the non-residential areas 

in the near future. This would include areas like Hawprem, Can­

tonment, Nongthymmai and Pynthorumkhrah, and Nongthymmai-Madanryting 



10^ 

areas, in cases recording interactions six times that of 1991, 

5, While at present, the main CBD areas and subsidiary 

CBD area of Laitumkhrah-European Ward are the traffic x;roblem 

wards, in the coming years, presently residential areas could 

also prove to be traffic problem areas. 
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CPIAFrER - V 

SUWIARY Aî D CONCLUSIONS 

5.1 Transportation constitutes one of the most vital organs 

Of the modern economic system. It serves as a basic physical and 

economic infrastructure, as an instrument for the social and poli­

tical integration of areas and by way of its requirements of infra­

structure and equipments as a force for development. Present day 

society relies heavily on the transportation sector and the exis­

tence of the modern economic system involving large scale produc­

tion and regional and product specialization, v;ithout an efficient 

transportation system is in-conceivable. 

Urbanisation, the hall-mark of modern complex society, 

has its impact on transportation and with the rapid increase in 

the rate of urbanisation and the size of urban centres, intra-city 

movements of goods and people is gradually hindered upon. This 

is particularly true in the case of Third VJorld Urban centres where 

due to a variety of reasons, including paucity of funds, no new 

infrastructural facilities are introduced to growing urban centres. 

With the result that such centres have to continue to make-do with 

limited transportational facilities in spite of rapidly increasing 

population and traffic flow, with the result that intra-city move­

ments of people and goods become a problem. The case of the Shillong 

Urban Agglomeration conforms to this scenario and it is in this 

background that the present study of the road network and traffic 
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flow of Shillong was undertaken. 

The main objectives of the study were : 

(i) to study the structure of the road netv/ork and 

some aspects of the traffic movement in Shillong. 

(ii) to identify the existing level of problems of 

the city's road network. 

(iii) to forecast the level of problems the city is 

likely to face in the coming years» by way of forecasting and 

estimating the level of interaction/traffic flov; in 1990, 

5.2 The main findings of the present study are : 

1. Shillong has rapidly developed over the last century 

and a quarter in terms of its population size, func­

tional attributes etc. Primarily estai'lished by the 

British in the 1860s as a 'station' for their troops, 

its history has been a continuous process of steady 

and sustained accretion of population, a result of 

the sequential enhancement of its administrative sta­

tus. From district headquarters in 1864 to state 

capital in 197 2, the city's population has grown from 

a mere 4,288 in 1881 to 174,703 in 1981 and is 

currently expected to be in the range of 2.5 lakhs. 

2, Although the structure of the road network of the 

city is complex, with a high number of fundamental 

circuits, the network shows only moderate development 
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as the alpha index and the cycloinatic number 

represents a little over 30 per cent of maximum 

potential for development; whjle the beta and 

gamma indices indicate less than 5b per cent of the 

same. 

3, The connectivity characteristics of the network 

analysed in terms of direct connectivity and first 

level indirect connectivity between nodes show that 

higher connectivities exist for nodes located along 

the tv;o axial transport routes of the city, along 

NH.40 and NH.44; and for nodes located in the 

Barabaear-Police Bazar COD area of the city, and 

areas in close proximity to CBD areas, and subsi­

diary commercial/market areas. 

Conversely, nodes with comparatively low 

connectivities tend to be located in the peripheral 

areas of the city, which are areas of residential 

functions with only small markets aad negligigle 

administrative/educational functions. This is true 

when both direct and indirect connectivities are 

considered, 

4. All the roads in Shillong are tortuoiis and winding 

with tortuosity index scores varying between 131% 

to 209%. Generally the nodes located in the central 

areas of the city have more straight and less win­

ding roads than those located in peripheral areas. 

This is true in the case of nodes located along the 

two national highways as well, although there are 

exceptions to this. 

5, Centrality and relative ̂ accessibility of nodes of 

the network, measured in terms of (a) actual distances 

and (b) by interpreting this distance as an accessi­

bility variable analysed using principal component 
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analysis, sho\,/ that accessibilit}- end centrality 

of nodes are higher in the geographical centres of 

the network and in the C.B.D. areas of the city, 

and gradually decline towards the peripheral areas. 

6, The niunber of vehicle ownership in the city is 

rapidly increasing and the number of registered 

vehicles in Shillong increased by more than 92% 

between 1985-09. This must be seen in the light 

of the rapid population increase the city is curren­

tly experiencing, and is likely to experience in 

the coming years. Population projections based on 

the 197 1-81 growth rates show that the city's 

population will reach 2.5 lakhs in 1991 and 3.5 

lakhs by 2001. 

J)^» During 1991 increased traffic flov/ is likely to 

occur in predominantly non-residential areas such 

as Mawkhar-Barabazar, European Ward-Police Bazar; 

while the residential areas would be the lov/-inter-

action areas, in terms of traffic flovj. 

^ . There is a significant relationship between the 

estimated interaction in 1990 and the expected inter­

action (based on gravity model) in 1991. 

_^,^The residential areas could record more rapidly in­

creasing levels of interaction compared to the non­

residential areas in the near future (2001). Hitherto 

residential areas like Hawprem, Cantonment, Nong-

thymmai, Pynthorumkhrah could record more rapid 

increases in interaction levels than the currently 

non-residential areas like the C3D area of Barabazar-

Police Bazar and the developing CBD area of Lait-

umkhrah-European Ward. 
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5.3 Implications of the Findings 

With increasing population, vehicle ownership and 

interaction levels rising sharply, (in some cases to levels 

six times those of 1991) by the turn of the century, traffic 

management in Shillong will be one of the city's major pro­

blems. This is partly inevitable considering the fact that the 

city was originally planned for a few thousand occupants, in 

contrast to the present scenario when the doubling time of the 

city's population could be as little as two decades ( the 1981 

population of 174,705 could reach 3.5 lakhs by 20U1). This would 

lead to a sharp increase in travel trips, commuting etc. and 

this increased traffic flow would put tremendous stress on the 

city's road network. 

rioreover, tlie fact is that, interqctijii levels (in terms 

of traffic flow,- already high in the CBD areas of Barabazar-

Police Bazar and in the emerging CBD area of Laitumkhrah-European 

Ward will increase further. These areas then, will be the traffic-

problem areas. However, more areas could join the list of pro­

blem, areas, with tiie present residential areas having the poten­

tial ©f experiencing much rapidly increasing levels of interac­

tion between 1991 and 2001. This is explained by,the sort of 

saturation level reached by the present non-residential areas 

in terms of potential interaction increase compared to the pre­

sently residential areas. 
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This brings us to the conclusion that the rapid incre­

ase in traffic will have to be tackled on a ijriority basis if 

the city's network is to function as a viable transi^ortation 

medium. It is f̂ ggfested that : 

1, Road-width widening be taken up in the major roads 

of the city and along certain problem-prone segments 

such as those roads between riawkhar and, Barabazar 

and Mawprem-Barabazar as identified in the study. 

2, If necessary, acquisition of land for tliis purpose 

should be taken up as soon as possible, as this could 

be legally a time taking affair. If however, land 

acquisition is delayed, improvement of the roads will 

take a long time and time is tlie crucial factor in 

view of the rapid population-interaction level increase, 

3, Since traffic flow is generated by the CBD and commer­

cial areas, the self-containment levels of the traffic 

origin areas needs to be increased so as to minimise 

the dominance of the former. 

4, There is a need for dispersal of administrative and 

commercial areas to other parts of the city to decrease 

traffic along the axial transport routes/ N}i.4U and 

NH. 44 routes. 

5, Since the city serves as a thoroughfare to other states 

and important centres, a by-pass road needs to be 

constructed, so that diversion of goods-traffic pass­

ing via Shillong is possible. In this respect the 

Sohryngkham-Mawlynrei-Mawdiangdiang-Mawiong by-Pass 

road plan, already under consideration, should be 

taken up on a priority basis. 
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5.4 'The rnr'j'"ir [ ( i i . i i tn t 1 ̂ in '•'" Lli- '"t'l'i^v .Tr--- : 

( i ) The t r a f f i c c o u n t no th^ ' l n - TI l--- r a t h j r cr i id ' s , and 

t h e Gtudy v o u l d h e v ' he 'ti in'-io a c c M r a t o Iv^d c o r d o n 

o r s c r e e n l i n e sucv i j : - . IT- '̂̂ H C HI Hicted ^n t ra f -Cic 

r ?u toG a t s e l e c t e d i" i*i t ' r '>^,n unc^er to l ' en . 

( i i ) This .otudy a l s o suffcrr:- ^r-m t h e l i n i l t a t i ' i n of 

h a v i n g n o t c o n s i d ' ^ r o d a n th--^ nodes of. t l ie ne tv ;ork , 

l a r - j e l y b e c a u s e of d i f f i c i l L les -in c a l c u l a t i ' " ' n s 

i n v . \ l v i i i 3 , say a 3U'vi :c "̂ LiC '̂  L-;̂  m a t r j ^ : . 

Hoviov "-r, t h e s t 'M^ i s itip'^rLaiit '^^in'';e n j t i aii^ s t u o . i e s 

on . i n t r a - c - i t^' t r a f f i c floiv a r a avai i-ihi--^ MI! a l . •• b e c a u s e i t 

s e r v e s as a p o i n t e r t o one ma jo r [ r ^hlc i i r .-a ''ii t h e c i t y , t h e 

g r o w i n g t r a f f i c bloc '".a-"--' " i3 ' i i1 ' ' ' ^ ' ^ 
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