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The Process of Transport Planning 

Introduction : 

In every community, goods and persons have to be moved, 
using various modes of transport which show considerable 
technological and operational differences. 

Each mode of transport requires a number of facilities 
(roads, railtrack, rivers, !larbours, vehicles, tele communi­
cation systems, ••• etc .) which together operate as a trans­
portation system. This system has to provide the transport 
services required by the community concerned. 

The transportation system requires invea\ments in capital 
goods , operational organizations, space for ita installa­
tions. The building and a cquisition of physical facilities 
and the development of the organizational structure takes 
time. At the same time the system must be able at any mo­
ment to meet the transportation services demand by the 
community. 

The development of the transportation system must be 
planned so that at any moment there is a coherent system 
serving the demand of the community in an operation~l way. 
This is the aim of transportation planning i.e. transporta­
tion planning could be defind as the activities which l ead 
to coherent programme of activities in space and time for 
the creation of transport facilities . 

Transport planning studies have been conducted in a 
l arge number of urban areas throughout the world during the 
past twenty five years . A process for conducting these 
studies has developed, and is still evolving, which attempts 
to provide a systematic method for solving urban transport 
problems . 

The fundamental premise which underlines most transport 
- planning studi es is that some futur e horizon - year 
equilibrium condition of an urban area is a meaningful state 
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to attempt to predict and evaluate . In the typical study 
the most probable pattern of land devel opment i s predicted 
for the horizon year (usually twenty years ahead) and t he 
transport demand created by the land use are estimated , 
A set of alternative transport plans is then gener ated for 
the horizon year ; these plans incorporate varying amounts 
of highway , and public transport facilities . The operating 
characteristics of each alternative in the horizon year are 
then estimated in the form of flows on each link of t he ho­
rizon year networks. The usual criterion for choice among 
the alternatives is that the difference between the collec­
tive benefits to users , in the form of reduced travel impen­
dance , and the monetary costs of constructing and maintaining 
these facilities should be a maximum . The present planni ng 
process implies that there will be an orderly and easy identi ­
fiable sequence of public invest ments that will yield the 
horizon - year pl an sel ected, 
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wny Is There Traffic In A 6ommu~t~ 

ro part i cipate in traffic o::- transport is not a social 
aim i~ itself. One moves over 8 road and t~es part in r)8d 
traffic at t hat moment because 8 h·.1me.n activity (sleeping, 
eat~ng , working , shoppi ng ••• etc.) has been ended at a cer­
tain locality (the point of origin of travel ) and one hes 
dec~ded on a next activity to ce.rrded out at a locality (the 
point of destination of travel: which is geographically 
Eeperated from the point of o::-i&in o= travel . 

Thus a vehicle, carrying goods or perscns moves only 
bet·ne-en places, : 
a- Nl:.en a change in activity (w:.th a good o::- by a person; 

is decided upon and the former activity has been ende6; 
b- When the locality of the following acti v:. ty is geographi­

cally separated from the loc3.l:..ty where :;he ended ac t:.vity 
was performed. 

Only if these two conditions are fulfilled , there ~11 
be t::-affic on the road . Traffic ·tolume is thus a reflention 
on t~e intensity and diversi ty of sccial life and of the 
geographical s tru::ture of thEo s:;>a::e i n which t his life t!Lkes 
place (e.g. density populatet city \ersus agricultural area). 

The process w~ich leads t c traffic ap~earing in a certain 
road (or station, or port, or e.irport , ••• e~c.) can be ~resen­
ted in the following diagram : 

Decision Decision 

Humsn ~ - -1- -- Demand for +- -
Activities I Transportation 

recision 

Transportation , 
by means of ~-­
transport 

Traffic 
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If the demand ~or transpo~ati3n cannot be met , or not 
be met sufficiently (e . g . becau5~ of traffic congestion o~ 
bad road condi tiona., the de sire:. ::le-N activity cannot t ake 
place at the desired point of d~stin~ticn . As a result, 
devel opment of soci~ty will take another course than or i­
ginally expected . The process ~ ~ diagran is therefor~ 
_reciprocal , 

Retardation in social-eco~·:rr~c development of an area 
is often caused by the lack of ace~uate transportation or 
traffic faci lities ~n and t? tL: area , On the other hand , 
there is no reason •o develop ~~e transport system in an 
area if there is nc potential ror socio- economic activities 
in the area (no poFulation, no natu~al r esources, unsuit~ble 
climate ••• etc , ), 
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The Demand For Transport~t~on 

The demand for transportation can be di·Tided in a 
demand for transportation of persons and a d:mand for 
transportation of goods. 

Persons want to be transported for v~ious reasons 
(purposes) . This purpose of tr~sport or traTel can be 
described by naming the activity wr~ch has been ended at 
the point of origin and the acti vity which ~ill be underta­
ken at the point of destination, e.g. 
home - work (V.V,) 
home - Shopping (V ,V. ) 
home - School (V .V. ) 
home Recreational activity • • • etc. 

The destination in purpose of travel is important 
because it influences greatly the type of ;erson to be 
transported (employee, housewife , •::hild, :n5.naoger .,.etc. ) , 
the time of day when transportatio::l. :.s req~:.ired, the desti­
nation to be selected , the distancg 'o be t=Evelled ••• etc ,, 
the choice of mode ••• etc •• The re:a•ive nunter of journeys 
for a single purpose varies in eve-:y city , region and country 
level of unemployment, level of in~)cme ar-d le:vel of car -
ovmership has a large influence . 

The number of actual journeys obser\-eQ :.n any area , 
does not re flect the ful l optential demand f or transport . 
Actually one has a great choice betVIeen s~:.bsequent activities , 
e . g ., one could stay in his bed , c,r go to ·,o;o:-k, or go to 
school , or to a f ootball match , or visit:.nR =riends ••• etc . 
which activity is chosen? 

Each possibl e new activity will give a ::ertain degree 
of personal satisfaction (not necessary pleasure). Also if 
one has to move to another poin~ :n spac~ o~ has to make 
sacrifice for being transported (:t costs ~oney, time , dis­
comfort) , one will select of destin~tion j where the possible 
activity in total will give the ~e~test satisfaction. 
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i.e. Uj = ma-:c , 0: Ujbr - Zijtr : wl:ere 
Uj = net u~ility 
Ujbr = bru~e utility (pro~it) 0f the activity tobe 

started 
Zijtr = Sacrif ice for tra~eportation 

A j ourney vdll take place, if the=e ia at least one 
point of destination j for whicr_ l:j ~ o. 

An i mprovement of the tranzpJrtation system will induce 
latent demands for transportati•:on to be m~:.terialized. lJew 
traffic i s thus generated and tr~fic 7ol~es after the 
improvement will te higher than before, ~e average number 
of journeys I inhabitant/ day ( = mobilit;r ) in a region w:..ll 
therefore be a fuLc• ion of the average level of educatior. 
and income of the population, and of the quality of the 
transportation system. 

To be able to bring sacrifice (in mo~ey, time, and dis­
comfort ) there must be a reserve (budget: from which to 
meet this sacrifice . 

Each person b~:.s a money b~ibet , f. ti~e tudget, and a 
discomfort bucget . The scope of the budget depends on his 
personal income , :~a - social role ( employee, housewife, ••• etc) 
and mental and ph]sical fitness . 

Each of the three budgets has a Jilart which i s connected 
with the primary biologically anc soc~al~ compul sary acti­
vities of life e . g . eating, slee;·ing , and personal care and 
providing for those activities (~orking to earn money t o buy 

food, working to grow food , working in tl-.a household , pre:t=a­
ring .:f1ood, mai ntaining the house • • , etc.), The remainder of 
the budgets cen be spent on se~ondary , non, c ompulsary 
a ctivi ties, such as social gatnerings~ touristic t ravelling , 
sport , • , • etc . 

The money budget ( = expe~diture ) :..s determined by 
one's income in a developing country the average budget 
available per inr.abitant will ~~d to i ncrease and therefore 
the "Weight" given to the cos t cf travel to decrease, As 
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a result in a growing economy ~eople ~ravel more frequen~ , 

and I or over longer distance , and I or ~i~h a more l uxur ious 
ncde of transport ( bus insteac of w~lking, car instead of 
bicycle, plane instead of boat~ . 

The time budget has a fixed limi~ of 24 hours, Time 
spent on primary activities (wcr:t, pe::-sonal care , sleep ) 
faken on a workday from 18 hours in ~~ghly industri alized 
countries , to 24 hours in very poor, underdevelope d countrie s 
:eaving "free time" in which tc t.o "enjoyable things" and to 
travel f rom 6 to 0 hrs , At t he &arne uime , the h igher deve ­
loped the individual the higher free timEs is valued , · Time 
spent on travelling will have ~ tighe::- w:ight in higher 
ceveloped societies than in l i ttle derel~ped countries. 

Discomfort suffer ed duri ng t rave:l ing can .be physical 
ciscomfort (walking, standing, ncise , vibrations) and mental 
C.iscomfort (fear, uncertainty , tension b:c~se of high fre ­
~uency of decisions or difficul t decisio~s) , Intensive di s­
comfort can be withstood if i t hes a short duration and can 
be followed by a peri od of recuperation. Extensive discom­
fort can be endured over a long ~eriod , The " budget " of 
~hysical discomfort depends on s~, age , physical fitness . 
1h.e "budget" of ment al discomf art de]plend3 on level of 
(e~ucational) development , skill , experi~nc: , etc . 

The above holds in principal also t=ue for the movement 
cf goods , However , goods don ' ~ ~ant to ~e moved t hemselve3 , 
It is a per son or organization which ~an~s ~ goods to be 
rroved. The reason that somebod.y wants to m:nre a good can be : 
e) because at the ?Oint of destination ~he goo1 can be sold 

at a hi gher price (=has a higher ma::-ket value ). Thi s i s 
true for finishe1i agricul tursl and indust:::-ial products . 

t) 
, 

because at the point of destinaticn ~ t ·~an be transformed 
further towards its final f~r:n, S'Ji table for consumption 
(agricultural and industrial half prodw~ts , r aw materials, 
etc .); 

c) because it is a (spare) part for ~ tool or ?eice of 
equipment used for the prod~ction of goods, the provis~on 
of services or the movement ·::>f go:lds or per3ons and 
operating at the point of d:stination , 
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In case Ujbr is determined by the market value of the 
good at the point of destination. In case Ujbr is deter­
~ed. by t he value of the loss of production or service 
~==e=ed at the point of destination. 

In goods transport the weight of money and time spend 
in transport relates to the cost price of the product at the 
point of destination. Discomfort suffered in passenger 
transport can be compared with breakage and general decline 
cf quality in goods transport. The "weignt " given to 
treakage~epends much on the . type of good (raw material in 
bulk 7S a fine piece of machinery vs flowers and vegetables), 

1he weight, assigned to each aspect of the transport 
sacrifice depends much on the purpose of the journey and 
se~or-~ary on sex, age, social position ani income of the 
~erscn involved, This will vary from region to region and 
fr:>m ::it~· to city. 

For certain purposes of travel also the "reliabili ty·• 
of tt~ journey is important , that is the margin between real 
tine of arrival and the expected (planned) ti~e of arrival 
at tr.~ ?Oint of des~ination. Sometimes it must be small, 
such as ~n home-to-work travel and in business travel, T~e 

d~and for reliability in shopping travel will be much lowe=. 
~he requirement for reliability in goods traffic is ·usually 
rather low. 

The sacrifice, resulting from a fourney is for the 
~hole of the journey, from door t o door, and should incluie 
: eeder transport such as walking to ~ station and driving 
:ro~ an airport, Often the sacrifice in feeder transport 
~s larger than in the tri p with the main mode of transport used. 

In the case of goods, Ujbr is mainly determined by 
economic values, which in general can be expected in terms 
of money value. In the case of persons; Ujbr is, apart 
:rom ~ertain economic values, largely determined by social­
eDotional values, vt:-J.ich often harElly can be expected in monP-y 
~elues (p.e, satisfaction derived from visiting a relative, 
er while recreating, etc .), 
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The Choice of Mode (means) of Tra::1soort 

0::1ce it is decided upon that a person would want to move 
or a g:>od is wanted to be moved, a means of transport must 
be sel3cte-C. f rom amc-ngst the means of transport that are 
availa~le a t the des i=ed ~oment to move betwe2n the point 
of ori6in and the selected point of destinati:>n. 

Often, a great ~umber of means of transp:>rtation are 
availanle t o the adsp~rant-traveller or shipp : r (in the case 
of goois) such as : 

Propul3ion 
by ani:aal 
::orce 

,., 

'-> 
rot 

J'ee 

~~y foot 
~y animal (on horseback) 

·,:f bicycle 
"':r;r animal dra\•m cart 

r'Y moped 1'' driv.r 
·,y motorbicycle or as 
~y car/truck passeng;r 

I 
, p!O:::-ning~ by rowboat, canoe 

• 

I T "['- by becak 

·:>y taxi 

:>y bus 
Pro pul si OJ:. 
natural ( rt- r,.. 
::orce 

Propu:.s:J!on 

- by sailing boat 

l by motor sh ip (motor 
launch) 

road 

tran~port 
indi \ridual 

, ---rr'rort "f'\ 

~ mech&nical 
force 

by airplane 

f.!y tcram 
profe tsional 
trans ort 

·,y underground (metro) 

l collrive by t rain 
tran :;:ort 

·,y tel t 

rail- lby elevator 
·:Jound ·oy cablecar 

~ W rolling staircase 
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The na~ed mod~s of transport are the so-called 
conve~tiortal modes ~d at present existing in most countries. 
They can be dividec in cat egories, accord~ng to various 
criteria; p . e . ac0ording to 
a . the medi um in or on which the vehiclea move: road , rail, 

wat er, air ; 
b . the number of passenger per vehicle: individual or co­

llective; 
c. the mode of exploitation: professions!- the owner o~ 

the vehicle prc·;ides services against pay ; private - t he­
ovmer uses the <ehicle to meet exclusively his ovm needs 
of transportati·:>n ; 

d . the freedom in lateral movement of the vehicle: free 
moving or rail road; 

e . the source of traction : animal (including human) , 
wind or mecha~cal. 

The conventional modes of transport are listed according 
~o their principal use . Occasional pse , falli ng in another 
category, is possi -:le and often the destination is not very 
sharp . e .g . the pleasure sailing boat i s a private and in­
dividual means of transport . If someone takes a payi ng 
paEsenger in his toat , the vessel is used f or professio~J&l 
transport , not for private ~ransport . 

The basic technological characteristics (medium, type 
of propulsion, anc freedom of lateral movement) are funda-
mental with regarc to 
operational aspe cts. 
th~ technological and 

all other, more organizational and 
This can be made clear by comparing 
operational characteristics of a few 

ex~ples such as ?edestrian, motorcar, tike , motorship and 
t r3.!Jl wi th regard to manoeuvrali ty, skill required from the 
d.river , carrying capacity, size, 1nvestn.ent cost, moving 
cost , availabilit~ , freedom in movement over the infrastru~ture , 

etc. 

These different characteristics in practice lead to 
entire seperated "road systems" and organization of each 
mode of transport. In some cases the same rosa space can 
be used simultaneously be different modes , p . e . road traffi c 
pedestrians, bicy:les, becaks, cars, buses , But under circum­
stances this can lead to unsafe operati•)n. 
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The transport system in ar.~y ares th~refore actually 
consists of a number of well se)::erste i su·b-systems with their 
own infrastructure, vehicles anc Jpers~io~al organization: 
In order to work as a coherent Ey3ten; , tre.nsfer points are 
necessary between the sub-systerre r.here people and goods 
transfer ::'rom one st:.b- system to 8:\cth== (bicycle stand , 
parking space, railroad station, 3irp~=t, harbour, etc.). 

The listed modes of transpcrt ar= suitable for the 
transportation of p~ople . Most cf th=rn ce.n also carry goods . 
This is also true for the pedestrian . A few are principally 
used only for the movement of p~e3eng:=s, such as bikes, taxis, 
buses , trams , and a rolling stair~ase, although the passenger 
might.carry some handluggage with then. Trucks are exclusively 
used for the movement of goods , althu~gh sometimes use by 
passengers occurs. 

How does a per son, who wants t o ~ove, select s his mode 
of transport from between the mcd~a avail~ble to him at the 
moment he wants to move? 

When somebody ~ants to move f~om an crigin to a destination 
he will determine t~e values, he ~ill allcw for the various 
aspects of the sacrifice of the ~Jurn=y. He will compare 
these val ues with tr_e values whiC:.'l he ex:p~cts each possible 
available mode of tran.sport to re~l.:ir= for each aspects of 
sacrifice . He will decide on tr.a~ moie of transport froa 
which he expects th~ least tot al ~ei~'l~ed sacrifice in 
comparison to the tctal of the val~es set by him before hand. 

The selection process (modal choice) is a purely inti­
vidual deci sion based on the sut~ecti<e v~ues which the 
individual ~ttaches to the aspects of the sacrifice and ~hat 
he expects to get from the modes v: t=ansport available to 
Him . Often his decision can look •er1 irrational from all 
points of (others • ) view. 

An analysis of data availal:•:e 0:1 the values which the 
average person at t aches to the s,;=tic~s redered by the v~rious 
modes of transport explains the e.p:f~nt popularity of a 
number of mcdes , mainly those whict fall in the category 
private, individual transport . 
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Whether a particular mode of transport is avilable tc 
so:nebody at a ce::-tain moment will depend on : 
a. the physical a~ailability of the necessary infrastructure. 

To have a ca::- and no road serves no purpose •. This is 
(generally) de-:;ermined by the government. 

b. the physical aYailability of the necessary vehicle. Tc 
have a road and no car serves no purpose either. This 
availability is determined sometimes by a government 
controlled enterprise (railroad, sometimes shipping, 
air transport, buses), by a privat ely controlled enter­
prise (buses, -:;axi, shippi ng ) or by the private indivi­
dual himself (walking, .bicyele, car, etc.). If he can 
avail over a p::-ivate vehicle depends largely on his money 
income. 

One of the principal aims of transportation planning 
is to improve on the infrastructure, on the operational 
organization of the various tr~sportation subsystems and 
o~ the operational coordinat ioL between the subsystem thro~gh 
g~vernment actio~. As a result physical availability of 
t::-~sportation f~cilities to all or particular segments a= 
t~e population w~ll increase, ~d/or the sacrifices to move 
ovEr the system ·Nill decrease. As a result the net utility 
of existing and l atent movements of persons and goods wil~ 
increase and gener~l socio-economic activities will be st~­
m·.'llated. 

The availability of non-privat e vehicles is also 
u~ally the responsibility of government, and normally fo~s 
part of transportati on planning. 

The availability of privately-owned vehicles, such as 
bicycles, mopeds, and private cars depends on private vehicle­
owmership, which in turn is a function of the level of priva-;e 
i~come. Any inc::-ease in average income results always in 
a substa.n:tial increase in private vehicle ownership, expressed 
in n~mber of vehicles per 1.000 inhabitants. 

The private vEhicle is highly esteemed by his owner, 
~•c the sacrifice in making a trip sith such vehicl e usual~y 
has little weight in the subjective evaluation of the owner. 
F.:>r that reason, a growth in private vehicle ovmership, such 

aa bicycle and car, has a subtantial effect on mobility. ~his 

l'lleans that when a "higher" priyate vehicle becomes availa':>:e, 
n:>t only is there a change in the modal sp l it of the person 
o~ household concerned, but there will be also an increase in 
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mobi~ity , that is in the number of journeys made per person 
per day, The re:.ative increase in, p.e. car traffic volume 
w:ill therefore a:.W3.ys be larger than t he ::-el evant growth in 
car ownershi p, 

l'he transpo::-t3.tion surveys and studies may be carrieC. 
out to determine t~e necessity or suitability of a variety 
=>f transport sys-;eJis such as air links, a new motorway or a 
coJib~nation of p::-~vate and public transpo::-t modes such as is 
f ound in a large urbanised conurban. The methodology of 
these surveys wi:.l vary in 'detail - but most transportation 
surveys that are b9.sed on la.'ld-use activity tend to ·be divi­
sible into three msjor subdivisions: 
i) The transpor-;ation survey, in which an attempt is made 

to take an inv~ntory of the tri p making pattern as it 
exists at the ~resent time, together ~th details of 
the travel faciliti e s available and the land-use acti•~­
t i es, and soei3-economic factors that can be considered 
to influence travel. 

ii) l'he product~o~ of mathematical models, which attempt 
to explain -;h~ relationship between the observed tra>el 
pattern, and the travel f acilities, land-use activities 
!l.Ild socio-eco~omic factors obtained ·,y the transporte.tic·n 
survey . 

iii ) The use of t~ese mathematical models t o predict tut~re 
transport a-;iJn needs and to evaluate alternative trans­
portation pl~s, (see figure - 1), 
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The Transpor-.ation Study P..rea 

The survey ~rea within ~hich tr~vel is tube studied in 
details is bounded by an ext~nded co~don. The position of 
the external cordon is fixed so that as far as possible all 
developed areas which influence travel patterns are included 
together with areas which ar3 likely to be developed wi;;hin 
the forecasting period of tha study. Within -.he external 
cordon, trip information is ~ollectei in considerable detail. 

Transport ilcw patterns are ext~emely complex and iifficult 
both to describe end to analyse. Origins and destinati~ns are 
numerous, and their exact locations and numbers differ from 
day to day . But when reality !.s schematized :so that tha"law 
of bi g (ger) nur.:.bers" are applicable, certain regularities 
become apparent , The problem is to r:.nd the right level of 
schematization: not so much that details are obscures, 
making the sche~:e in consisten-:; with reality; not so little 
that the numero~s --- and, in realitJ , incidental ---
detail present ~picture of false ac~uracy. Clearly, a 
balanced choice depends to some extent on arbitrary judgment 
based on professional experience. 

Present and =uture trBLsport flows are described in terms 
of passengers ~d tons and related to places or regions of 
origin and dest:.nation called "traffic zones". Each zcne has 
a center in whizh all traffic - ge:r:.erating social and economic 
activities are assumed to be conce:r:.trated. rhese traffic 
zones are connected by t he transport network, which is sche­
matized as well aa describeC. in terrts of "li:r:.ks and notes". 

Usually the survey area is d~vided into internal traffic 
zones; the remainder of the country external to the Cordon 
is also divided into considerably larger external zones . 

Zones are aelected after co:r:.sideration C•f the follow:.ng 
factors :-
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They should be compatible with past or proj ected studies 
of the region or ad~acent regivns . 
They should permit the sunJariaing of land-use and t rip 
making data . 
They should allow the con~enien• assignment of trips, 
which are assumed to be ge~erat~d at the centroids of 
traffic zones , to the transport3tion network . 
While greater accuracy is possiJle ~ith smaller zones 
they siiould r.ot be so nume::-ous 3s t o make subsequen~ data 
processing difficult . 
The size of the zones wil: be g)verr.ed by the s i ze of 
the survey area and the t7Pe o= survey . In urban areas 
where transportation requ~::-ements are studied in detail , 
it is usual to have appro~imately 1000 households or 3000 
people in a zone . 
As data is frequently agg::-agatea by zone , the latter 
should be areas of predomi~ate:y similar land activity 
in which similar rat es of futu::-e growth are anticipated . 

-. 
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ThE Collection Of Exi sting Travel Data 

Exist ~r.g trip making or trav~l da~~ may conveniently 
be cl~ssifi:d into four groups according to the origi n and 
destinatio:l ·)f -.:he trip being consider.;!d, These four classes 
o= movenents are : 
·a- T:-ip s which have an origin vwithin tne external Gorden 

and a desti nation outside t he external Cordon, 
b - Tr ips r.3ich have both an or~gi:l ar.t a destination wit~in 

t~e external Cordon, 
c- Trips wtich have an origin o~tside the external Cordcn 

and a d~stination Within it, 
d- Trips ~ich have neither origin or destination within 

t~e e:~ernal Cordon but which pass through it . 

Details of these trips are )btai~d i n differing w~s . 

~rips of t7Pe (a) and (b) are usuall7 recorded by means of 
a home i nterview survey while trips of type (c) and (d) 1re 
normally recorded by means of an origin and destinatior. survey 
.;:onducted along t he ext ernal Corjon . 

Ot1JF.§ltrra~2 

Commercial Vehicle Survey s 

'Ihis survey is designee to n=asur e the trips :nwe ·:::y 

com:nercial vehicle within t~e in-.:ernal area . 

Bus Pa3senger Surveys 

3Us trips made by resiJents are obtained from -.:he 
home intervi ew survey ; tri-;>s mate by public transp·)rt 
by nc~residents are obta~Led by a bus passenger s~rvey 
carr~ed out at the external Jor con. Duplication of t r i )s 
made ty resi dents within the survey area shoul d be chec~ed. 



17 

T~avel Demand Forcasting Process 

Once the transportation survey bas collected all the 
details of tb~ existi~g trip making pattern, and the socio­
economic, l and u .se an:i transportation - system, char acteristics 
of -;he suro:ey a r ea , t~e second stage in the transportation 
pl anning p~oc~ss is tne development o= r elationships betwe~ 
the tota: number of tri? origins and destinations in a zone 
and the zonal characteristics . It i s assumed that t hese 
re::..ationship s will be true in the future and so , if land-use 
and soc~o-economic factors c an be p redic•ed , future trips csn 
be ~stinated for any proposed transport system. 

The conventional travel-demand f Jrcasting process bas 
fou~ suJ-mJdels : 
a- Trip generation models 
b- Trip distribution on model 
c - :.iodul .apli t model 
d- Traffic assignmer.t model 

Th~ usual flow cf aqtivities involved in this analysis 
i s ?res~nt ed in Figure (2). 
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Trip Generation Model 

fhe purpose of the trip generation analy3is phase ie 
to de7elop eq1.:.ations that allow the trip ends of a particula::­

. tri~ type genera~ed by a traffic analysis ZJne to be estimat:d 
fro~ a knowlecge cf the land use properties of those zon~s . 

fhe technique mos• commonly for the developme~t of these 
~redi~tion equations is multiple-regression ~alysis . 

fhe equation obtained is of the general form, 

7 = a,) + ~ x1 + a2 ~ + • • • • • • • • + an xn 

~here a0 is t he intersept or constant 

":>1 , ":>2 , ••• , bn are (regression coeffici~nts) obtaineC. by 
regression analysis . 

~1 ~2 ••• , ~ are the independent variables . 
' . 

fypical exanple of the trip generation developed are :­
~ork - trips p roduced = 9. 3 + 0 .32 (populatiJn in zone) 
~Jrk -trips att=acted = 43 . 7 + 0. 63 (emplJy~ent in zone) 

!lost of the ::-egr ession equations have ":>een developeC. 
using a step Vl"i se regression analysis computer program , 
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Trip Di~•ribution Model 

The purpo~e of the trip distribution analysis 
phase is to deve~o~ a procedure that sythesizes the trip 
linkages of interc~ges between traffic zones for both 
~ransit captive anc non-captive trip makers . The tech­
nique used most co~only to sunthesize these trip lin­
kages is the grevi t.r model • . 

The equation is ~f t he general form : 

Ti j = KPiAjf (Zi j) where 

1C = ::!onstant 

2j = Total trip p=ciuction of zone i 

Aj = Total trip ~~action of zone j 

~ (Zij) i s some fuL~tion of deterrence to travel expressed in 

terms of "r.e cost of travel, trav el time or travel 
distance between zones i and j. 
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Mode.l Split Model 

The purpose cr the captive moda~ -sp1i t analysis 
phase is t o develc? relationships that allow the trip 

·ends estimated in >he trip-generation phase to be par­
titioned into two groups of trip ends : -;;rips by -persons 
captive t o public t ransport and trips by persons who have 
a choi ce between using public tr~sport and a privat e car. 
Captive trip-makers are defined a3 those pe r s ons without 
e cce s s to a ca r fc·r a particular t rip . Captive t r ip­
makers are no~ally identified by ce~tain socioeconomic 
charact eristics s1:..ch as age and i:::lCOile·. 

The purpose uf the choice moial-spli t analysis 
phase is to devel op a procedure t~at simulates t he 
manner in which choice tripmakers travelling between 
an origin and destination pair wi:l ~hoose between the 
use of a car and public transport for the trip. Typically, 
the proportion of public-transpor-; tripma:,Cer s is relate d 
t o some fUnction af the costs of -;ra7eling by the compet ing 
modes. 

This t wo-stage-type modal- split anal7sis is required 
because of the exi at ence in urban areas of essentially 
two seper ate submarkets for publi c-transp)rt services. 
These two submarkets have been la,el~d caJtive transit 
riders. 

The aim of t he captive modal-spl~t analysis phase 
is to establish re:ationships tha-; a1:ow the trip ends 
estimated in the trip-generati on phase to be partitioned 
into "captive "tran.si t r iders and -•ch):...ce" t ransit r iders. 
The or i gin and destination patt erns ~= the two groups of 
tripmakers are then synthesized seperately. 
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The purpose of the choice modal -split analysis 
phase i s to estimate the p r obable split of choice 
transit riders between public transport and car trave l 
g i ven measures of the generalzed cost of travel by the 
two modes . 

The many studies of modal transport choice have 
demonstrat ed that the major determinants of public 
transport patronage are : 

the socio economic characteristic s of the tri p- makers ; End 
the rel ative cost and servi ce properties of the trip 
by car and the trip by public transport. 

The characteristics of the tripmaker s that 
influence their modal transport choice decisions are 
those which determine car availability to t he tripmaker s, 
and therefore captive or choi ce stat us. Variabl es which 
have been used to identifY this status at the household 
level are : 
1- Household i ncome, or car ownership directly; 
2- The number of persons per househol d; 
3- The age and sex of household members; 
4- The purpose of t he trip (tri p cl assi fic.ation) 

This section describes typical examples of the 
modal-split models, developed i n earl ier t r ansport · 
s t udies. These models accomplished modal-split estima­
tion in one stage and contained soci o- economi c charac­
teristics variables. 

Earlier modal-split models. 
The earl ier modal-split models were used either 

before or after t he tri p-di stri bution analysis phase 
of the travel-demand forecasting p~ase. 

Modal-split models which have been used before the 
tri p- distributi on are usually re:erred to as tri p-end 
modal- split models. Modal- spl it models that have followe~ 
the trip-distribution phase are normal ly termed tri p­
interchange modal- split models. Fi gure (3 ) ill ustrates 
the differences i n the roles of these two types of modal­
split models. 



~~ 

(tq.,- . ~v-•""'""' ·~n;Jptll 1 
I 

MICIA.L $p&. lf r!ODH 

TAl~ CftD$ IT-t'Ol( 

UP CIST.Iti iiUroo• ...OOCL I I t'.OC».I. • SPt.!l f400(1. 
I I 

0-0 \'OlU~U tl1 .. ~,( I I o. D '<GlUtES 8T wooc 

S l t~toi"-C' or Aci!,.IHtt fo- S t q"'"'' •I AUIAIIu for 
Tlip•Et~C ·ftpt ~odol $pill Uc:ffle Tr!.p .. lnt u CI'ICII\' t ·frPt N • dd 

Spill ~otolith 

Fig. 3 

In transport planning studies in developed countries 
performei to data in medium and smaller- sized cities , 
trip-end modal-split models have normally been used . 
Figure (3) demonstrates that with this' type of model 
the potential patronage of each transport mode is deter -

.~ined following the tr~p-generation phase. The basic 
asmL~tion of the trip- end- type models is that transport 
patronage is relatively insensitive to the service charac­
teristics of the transport modes. 

' 
Modal patronages are determined principall y by the 

socio-economic characteristics of the trip-makers . 
rransport stQdi es performed in larger urban areas , where 
the p:J.plic-tre;naport system is well developed, or where 
signiricant improvements . in the public- transport system 
a re conte~plated , have usua~ly . employed trip- interchange 
modal- split models that have been developed, incorpor ate 
meaS'.lres of the relative service characteristics of . ' 
competi ng modes, as well as·measures of the s ocio-economic 
characteristics of the trip-makers. 

Per~aps the principal limitation of these earlier 
modal- split models is that captive and choice transit 
riders have •not been itentified and r epresented sepa­
rately i~ the models. For this reason the models do 
~ot re fle:t adequately the matter in which choice transit 
rider s re~ct to changes in transport system characteristics . 

\ 
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Tranp~rt ~ervica-sensitive modal- split relations can 
or_ly be developad if -;rip-makers are first segregated 
iLto varicus socio-economic categories, i .e. captive 
aLd c~oice trip-makers. 

Southern r.isconsin Model 

The codal split model developed in this study con­
sisted of seven estimating surfaces that related the 
perce~tage of trip ends that vdll use transit services 
from ,a pe--ticulsr traffic analysi s zone to the following 
v~iables : trip type , characteristics of trip maker, 
aLd c::_aracteristics of the transport system. 

Pour trip purposes were used to strat ifY the trips 
made on public-transport services ·and these were home-
based wors trips, home- based shopping trips, home-based 
"ether" t::ips , 9.Ild non-home-based trips. Only the surface 
developed for home-baaed work trips is discussed in this boJ~. 

The socio~conomic characteristics of trip-makers 
viere defined on a zonal basis in terms of the average 
numcer of cars per household in a zone. Fi gure (4) shows 
t he relationship that ·"as observed between the zonal percen-t 
transit usage and the zonal average number of ca~s per· 
hcusehold for t.:1e jou::-ney to work in the Milwaukee region. 

~he characteristi~s of the transport system relative 
tc a given zone were defined by an accessibility index 
calculated from the following e~uation : 
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In trar:sp ort planning s t udies in developed countries 
per~orx.ed to dat~ ~n medium and smaller-sized citi es , 
trip- end mocal-s~lit model s have normal l y been used . 
Figu=e (J) C.emonstrE.tes that with this type of model 
the potentiE.l pa~roLage of each t r ansp ort mode i s deter­
minE:± follcv.i.ng ~he trip-gener ation phase . The basic 
as~option cf the trip-end- type model s is t hat transport 
pa~r~n3ge is relatively insensitive to the service charac­
te=istics of the transport modes . 

:.bdal patronages are determined principally by· t he 
s~cio-economic char acteri stics of .t he t rip-makers. 
TraLsJort studies ~erfor.ned in larger urban areas , where 
t~e ~u~lic-transport syst em is well developed, or where 
sigr.i ficant improvements in the public- transport system 
are contempl at ed , have u sually employed trip- interchange 
mJC.S:- split ~odels that ~ave been developed, incorporate 
meE.su=es of the relative servi ce characteristics of 
compe~:..!lg m~:les , as well as measures of the socio- economic 
characteri stics cf t~e tri p- makers . 

Perhaps the ?ri~cipal limitati on of the se ear lier 
modal- spli t models is that captive and choice transit 
r~ders have ·~ot been identified and repr esented sepa­
rately in the models . For this reas on the models do 
not reflect adequately the matter in whi ch choice transit 
r iders reac~ to cb~~ges in transport system characte ristics . 

l 
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Tranpor t service-sensitive modal-split relations can 
o~ly be developed i~ trip-makers are first segregated 
into varicus soci o-economic categories , i.e. captive 
and choice trip-makers. 

Southern Wisconsin r!odel · 

The rr.odal spli--; model developed in this study con­
sisted of seven e3t~mating surfaces that related the 
percentsge of tri? ends that will use transit services 
from a part~cular t=affic analysis zone to the following 
variables : --;rip t:rpe, characteristics of trip maker, 
and characteristi~s of the transport system. 

Four t=ip purr:Jses were used to strati~ t he trips 
made on pu~~ic-trsr.sport services and these were home-
cased work trips, h:lme-based shopping trips , home-based 
"other" trips, an:i ~on-home-based trips. Only the surface 
developed f ·:Jr hom.e-based work trips is discussed in this book. 

The so}io-eco~mic characteristics of trip-makers 
voere def::.ned on a z:mal basis in terms of the average 
num·oer of cars pe-.r household in a zone. Figure (4) shows 
the relat::.o~s~ip thst was observed between the zonal percent 
tra~sit usage and the zonal . average number of cars ' per 
hou3ehold f:Jr the journey t o work·in the Milwaukee region. 

The eh~racter::.2tics of the transport system relative 
to a give~ zone ~ere defined by an accessibility index 
cal~ulated from the following equation : 
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a~ci = ) aj~ij 

wher; 

'j t. 1 

acci = accessibil ity index f or zone i 

aj 

fij 

= number of attrqctions in zone j 

= travel t ime factor for t ravel from zone 
i to zone j for the particular mode bei ng 
considered. 

The transport servi ce provided to a particular zone 
by t:be two rcodes was cha rac.te rized by the following accessi­
bility rat ic : 

Acc~ssibility ratio = 
hifibway accessibility index 
transit accessibili ty index 

~~e mo~al split surface developed for work trips in 
tl:".e Milwaukee region is sho\'m in Fig. (5) in which the 
per c:eT;t trar:.sit usage from a zone is plotted against the · 
accessibili: y ratio ~~d t he zonal average number of cars 
per: i:::.O".lsel:old. This modal split surface demonstrates quite 
cle:~:.rly t l::e rapid decline in transi t use with decreasi ng 
level 'f trE.nsit service f or the higher i ncome gr oups. In 
cor-trast, t he zones with lower per househol d car o\vnership 
were rele.ti•ely insensi tive to changes in transit revels of 
sen-ice. 
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Toronto modal Sflit ~odel 

The basic hypot hesis under:~ing the modal split 
model developed for U.etropolitan To~onto has bean s tated 

as follows (3) : 

The total number of pepole moving )etween an orig~n­
destination pair constitutes a travel market and the various 
modes compet e fJr this mar ket and secure a portion of it 
i n relation to thei= relative competitive positions which 
are expressed in terms of: relative travel ti~e , r elative 
travel cost, relati•e travel service , and the e conomic 
status of the tripmsker . 

The relative travel time by ccmpeting modes was 
expressed by ratio G•f door-to- toor travel time by public 
transit and car as follows: 

TTR = 

where 

a+b+c+d+ e 
f- g + h 

a 
b 
c 
d 
e 
f 
g 

h 

= t~e spent in the ~ransit vehicl e 
= transfer time bet.,.teen trausi t -vehicles 
= t~e SJent wait~n6 for transit vehicle 
= walki~~ time to transit vehicle 
= walkiL5 time from tr~sit vehicle 
= car d:-iving time 
= p~rki3g delay at destinat ion 
= walki Jg time from parking place to destinaticn 

The re:ative ~ravel cost was de~ined b,y the ratio of 
out-of -pocket trav~l cost s by ~ublic transit and ca r a s fol lows : 

CR = i 
(j + k + 0 .51) /m 

wher e i ~ tranBit fare 
j = ~ost of gasoline 
k = Gost of oil changes and lubrications 
1 = parking cost at dest~nat~on 
m = average car occupanc~ 
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The relati,•e travel service vtas characterized by 
t~e r atio of the excess travel tines ty car and t ransit. 
T~e excess t r avel time was def ined as the amount of t ime 
S?ent outside the vehicle during a trip. The service 
r~tio was defined as follows : 

s~ = b+c +d+ e 
g + h 

Figure (6) shows part of the model split curves 
devel~ped for the journey to work in N.etropolitan Torontc , 
Tne e~onomic status of trip- makers was characterized by 
f~'.tr sal ary cLassifications and tbe l:•cundaries of each 
of th~ae salary classes are shown in the diagram , 

The Toronto modal spli t model was used as follows . 
T~tal person t r ips by all modes were forecast and distri~ted 
u s ing the gravi t y model for the highwey network. The tr£.Ye:. 
t i me , cost ana .serrice ratios , and tr.e income levels were 
tnen used to estimate percent transit usage from the divers~on 
c~rves , The total person trips between the origin-destiL£.t~on 
p~ir were then multiplied by this percentage to obtain. tr.e 
transit trips . The oar-person trips wer e then fac t ored by 
t~e car occupancy rate to dete~ine t he number of car t rips 
b:tween the ori gin- destination pa~r . Each group of·trips 
W3s t~en assigned to the appropriate network . 

While the two models described etove have been assignei 
t~ different categories , their underl ying model structures 
exhibit many similarities. Both cont ain a measure of t he 
s~~io-economic characteristics of trip- makers as well as 
a measure of the relative service ?rcvided by the different 
trans?ort modes, 
t :> which the two 

The essent i al difference is in the extent 
types of variables dcmi nat e the model , 

In the southern Wisconsin model the servi ce characte r istics 
of the transport ~Jstem are introduced in a macroscopic 
•~J t~ough the ratio of the acceeeil:ility indices . In 
t~e Toronto model the service cha=acteristics are introducei 
v:ry directly in the form of such factors as the travel ­
time ratio , and so on . 
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Some limitations of earlier modal spli~ models 

~erhaps the piinci pal limi~~tion of these models 
is thet capt i ve and choice traL3it riders have not been 
identified and represented seper~tely in t he models . 
For this reasan the models do nJt reflect adequately 

· the canner in whic!: choice tran3i t ri ::.ers react to 
changes in trensport system chcrGcteristi~s. The transit 
patroLage da te usee to calibrat: the ocodels have con­
t~ined botn cEptive and choice riders, In addition, the 
pat ronage datE have been of a z~~ally aggregated nature. 
Some evidence was i r. traduced i n. :::hap . 2 v.'hich demonstrated 
that in t he typical traffic-analysis ~one there is a 
great deal of with~n-zone variab~lity in trip- making 
which tends to sub::aerge importan-; dif:ferences in trip­
making behavior •• 

~ransport se~ice-sensitive modal split relations 
can onl y be developed if tripm~~ers are first segregated 
into various socio-economic categories, and diversion 
curve- type relatiottships are then cor.structed for each 
of t~ese categories . 
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Traffic Assign'llent Model 

'I'he purpose cf the route-assignment analysis phase 
is to develop a tE~hnique that simulates the way in 

w~ic~ the car and the transit trips between each origin 
~d destination pair distribu1e over the links of their 
r:spective networks. 

Figure ( 7) i:_lustrates tt.E.t a knowledge of the 
·properties of the a lternative horizon-year transport 
57ste~s is required for the trip-distribution, choice 
m~dal-split and route-assignment phases. The principal 
outputs of this travel- demand forecasting process for 
each alternative network are : 

1) the travel demand between Enj pair o= zone s 
2) the properties of the trav~l between any pair of 

~ones such as ~ravel between ~ime, and therefore 
e.verage speed; 

3) the volume of ~ravel on a:QJ link; and 
41 the properties of travel CL any link. 

Figure (7) il~ustrates in detail the interrelationship 
between each of thJ: activities for the horizon-year 
az:.alysis. This di9.gram shows more specifically the way 
in wr~ch mode-spec~fically origin and destination 
matrices are devel~ped f or each alternative horizon-year 
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?:cute- aesignment ana· :;sis 

The final phase ef the travel-dem~d forecasting 
prooess C.escri bed before ~'las been identified as route­
assignme3t analysis p~ase is to develop a technique 
that silll!:.lates the wa7 in which the car and transit 

. ~rips between each origin and destination pair distri­
bute over the links of their respective networks. The 
principal concern of this paragraph is with traffic­
assignment methods, as route-assignment for the public­
~ransport network is not normally a problem, except in 
7ery large cities with oomplex public-transport systems . 

~etwork- assignment methods 

Ne~ork-assignment methods allocate car travel 
jemar.ds between each c·rigin and destination pair to 
the entire systems of streets exclusive of the local 
street ~stem. A nurrber of network assignment procedures 
haye be:n developed End all of these techniques contain 
the following three corr.ponents : 
1) a driver route- selection criterion; 
2) a tree-building technique which selects vehicle 

routes through a network of streets ; and 
J) a methods of allocating vehicle tr~p interchanges 

be~~een these roLtes. 

The most fundamente.: elements of any traffic­
assignment technique is to select a cri terion which 
expl ains the choice by a driver of one route batween 
an o=ig~-destination pair from among the , number of 
potential paths avai:able. The first is that motorists 
act sel=ishly and at~emp~ to mini mize their individual 
travel ~imes through a network . The second criterion 
suggeste that motorists act so as to minimize the total 
travel ~ime spent by a:l motorists on the network. 
This implies that individual motori s t s are aware of ~he 



n 

way in which their choice of route influences the 
c~ange in the tot~l travel time experienced by all 
m:>torists. Some limited empirical testing of these 
two criteri a has :>een performed and the evidence 
avail~ble would ~~ggest that motorists behave accord.ing 
tJ sc·m.e intermedi3.te criterie.n. However, most of the 

·traffic- assignment techniques used on a routine basis 
L"l urban transport studies assume that Wardrop ' s 
first criterion g:>verns the route choice of motorists • 

• 
The second r~quirement of a network- type traffic-

assignnent techni ~ue is for an algorithm which searches 
o·~t rout es from a street network accordi ng to the driver 
rJute selection criterion. In some of t he assignment 
m:thc•C.s descri bed below the analyst is concerned only 
w~ith the minimum travel time paths between origin­
d~stir~tion pairsA In other methods the analyst 
is ccn~erned with the 11 n - best 11 paths, between origin 
-iestination pain~. 

The final re ~uirement of network- tY?e assignment 
tech~i~ues is for a rational to assign trip-interchange 
v:>l~es between c:ntroid pairs to a route o~ routes 
between t he centr:>id pair . The various oe t hods me;y be 
classified into o~e of the followi~ groups : all- or­
n:>thi~g assignment , capacity- restrained assignment and 
mul tip ath assignm:nt . 

With the all- or- nothing assignment oethod the trip­
i::lterc~anges volumes are assigned to the minimum path 
t ree i~dependentl7 of the traffic capaci ties of the 
links that make U? the minirr~m path tree. Several 
netwcr~-assignmen~ procedures have been developed 
that attempt t o recognize that as a traffic system is 
loaded with vehicles , the travel- time characteristics 
of the system cha~ge . rhe capacity-restrained assignment 
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t~cl:niq·..tes at tempt t o achieve compatibility between t he 
Vt:•lu:me :Jf vehicles u sing a road link and the travel 
time on that link . The multipath assi gnment incorporate 
t~e fact that there ar e normally a number of potential 
r~utes between a centr oi d pair and they assign the t rip 
i~terchsnges gmong t~ese potential routes. 

~ute-building algori thms 

Figure (8) shows portions of an ~rban transport 
nat~ork coded in ter.ns of links, nodes, and centroids • 

. :..1:. links are read into the computer in a one- way form . 
For example, ~ink 315- 316 is also entered as link 316-315 
s:inee it is a two- way street , On the other hand , link 
3~5-31E only is ente red since it is a one-way street . 

A number of algorithms have been developed f0r 
~a=ching out minimum path trees for centroids. The 
C.:assicel work on the shortest path through a network 
is -;hat by r.tc.re . Most of the available algorithms are 
e.inilar in principle and differ only in the way in which 
~~ey keep tr~ck of the calculations. For each origin 
centroiu , the aim of t his algorithm is to assign a label 
to each node in the network of the fcllowing form: no~e 

: l3.bel = { i, d(j)J 

~ere ~ = the node nearest to zone j which is on the 
oinimum travel-time path back to the origin 

d(j) = the mini mum travel-time fro~ node j back to 
the origin centroid, 

Init ial:y , each node is assigne~ ad (j) magni tude 
Y<~~i~h :..s ve~ large, say 999 , with the exception of the 
origin node 'Jhere it is set to 0 . As tl:e tree is built 
(J'..tt f r on the origin, the following sum is fromed for 
ea~hnode, node j sum = { d(i) + 1 (i , j)} 
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n(i) ~ the travel-time from the origin to 
node i whi ch has just been connected 
to the origin 

l(i , j) = the travel-time along the link which 
connects node j to node i 

If th~ sum j~st formed is greater than the d(j) 
aLready re~ :lrdej for node j, then the node is bypassed. 
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If ~e s~~ iE l ess than the existing d( j ), then the 
d(j ) is rep::.aced. l:y the newl:r form!'!d sum and the i i s 
c:~nged ~ the :~tle to reflect the new connecting link 
f~r node j back tc t~e origin . 
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New sams are formed for all of the nodes adjaeent 
to t:~ nodes just connected to the origin and these 
SJms s re t~sted against the d(j) magnitudes recorded 
for the no:l.es. This process is continued until all 
nodes have been reached. The label numbers for each 
node Bhow the minnmum travel-time back to the origin 
as well as the node which is the next nearest on the 
rrdni~m t ravel -time path back to the origin. This 
tree buil ding process must be carried out for each 
origin centroid in turn. Figure (9) illustrates this 
algorithm with ~ simple example. 

2 4 5 

·<:j~\, ~ z ~ 
... -~ q 

O:i;in -.~(!e 1 

, o<.ie- 1 l•htl = 1-.0l 
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:l <SS9no~~ 21~bcl= t 1.2l 

ne:Cil' 3 :Sum • 0 ~ 4 
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tlOi!e tl.:l!m = 0 + 3>< 3 
3 < £sg nc~o ., I.:!;PI = [ 1,3 1 

nc~e 2~m = 2 + 1 "- S 
3 < 4 r.c:.:: 31.:t ::l ... 12.3! 

n·J~~ 5-:::~m ... 2 + 4" 6 

· .. .. 6 < 995 r.oc• s !.bet • [2.61 

'Dt:dc 4 : um ., 4 + 2 • (j 

6 > 3 no4t 4 tot>ct • [1 .3) 

.-;cC~ G :.um = 4 + 2 • 6 
-; < 99' nc.~c G 1 :;~:!1 = r3.G) 

"""'* $ Jum = 3 .. 2 11t 5 
3 < G t\Otk 6 I;~~~ • i l1. 5J 

.,cd~ E -;um #> G • 3 • 9 
:; >. s cwtk G IQ.bel • !~.!>) 

• 

4 

no r!c 7. conn,~et~~ t<J l 

n~.cc :l r.onn::::~d to 1 

node 4 conncctr:-d 10 l 

r.c:cc 3 c:>ru~ecred to 2 

' · oock 5 connecuc.J to 2 

noc!a 11 corm:;tion tcma.ln~ 

ned~ 6 eonntckd to 3 

noCt 5 tonne,kct tO 4 

f!Ode 6 cortnec.fton remains; 

F i g . (,J E.~mplo of millimum ,.n. lr« buiU•ns .l.~<><itl.m . 
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The algorit~ is best expl ained thr ough t he use 
of a simple ex~tle network. Figure (10 ) shvws a 
sinpl e street net~ork and the following exam~le wi ll 
show how the algorithm can be use d to build t he mini ­
w~ ?ath tree fJr centroid ~5. 
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Ttble :(. fj Li~k 1<>ble 
for S:mphe nct-••c-·k 

Node Node Tnvcl 
From To . !ime 

10 II - - 2 
10 12 4 
11 ID 2 
11 13 3 
11 JlJ. 2 
12 1D 4 
12 13 1 
12 15 3 
13 12 1 
0 ll , 
13 14 2 
14 13 2 
14 11 2 
14 17 s 
) $ 11 I 3 
iS 1? 1 
16 15 I 
16 13 4 
16 17 2 
17 

I 
16 2 

j',.' 15 s 

Tob!e { l.) lnitiolized 
tre:c t~.!:lii! 

Node Tol:ll I Node 
To time From 

-
:o I 999 0 
I I 999 0 
12 999 0 
13 999 0 
14 999 0 
15 0.0 I 0 
16 !/:J9 

I 0 
17 9~9 0 

• 

Table (3) R c"Ji:cd 
tree t~blo 

Node Tot~1 Node 
To tjm.! From 

10 99~ 0 
II 99~ 0 
12 -I 15 .. 
13 99~ 0 
14 . 99~ 0 
IS 0-~ I 16 15 . 

11 1 99~ I o _ 
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The link tab:e for the network of Fig . (10) is 
shown in Table (1 ~ . Th€ minimum path tree is constructed 
by the following Eeque=e of operations: 

1) Initialize ~he tree table with all the total 
times equal to 999 ~th the exception of the 
origin node which is set equal to o.o and this 
activity is shown ~ Table (2) . 

2) Add to the :i3t all nodes conneeted to the nodes 
just added to the txee table. 

J) Test all entr~es i n the list to determine if 
"Node To" + "~otal 'Time from Origir-" travel 

time is less than the "Total Tr avel Time" 
in the tree ~able and if so enter i t in the 
tree table. 

4) Return to step 2 a~d repeat the proces~ until the 
list is empty . 

The sequence •)f steps for the simple network of 
Figure (10) is 6i7en be~ow , 

Step 2 : LIST 

Step 3 z TE~T 

Node From 
15 
15 

Node To 
12 
16 

Time 
3 
1 

Is Node To + Tota: Time from Origin< 
Tree Table Total ~ravel time? 
o .. o + 3 ~ 999 Add 12 to Tree Table 
o.o + 1~ 999 Add 16 to Tree Table 

The revised tree table ~s shovm in Table (3) 

Step 2 : LI~T Node From Node To Time 
l2 10 4 
12 13 1 
16 13 4 
16 17 2 

Step 3 : TEST 3 + 4 <. 
' 

999 Add 10 to Tree Table 
3 + 1 < 999 Add 13 to Tree Table 
1 + 4 ~<' 4 Do not add to Tree Tabl e 
1 + 2 I< 999 Add 17 to Tree Table 
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The revised tr~e table after this second iteration 
is shown in Table (4). 

The process m~ be repaated ULtil the list is empty 
and the tree table ~n Table (5) wo~d result. The minimum 
path tree for centroid 15 .can easily be read from the tree 
tabl e and this mini1um path tree is s hown i n Fig. (11) 
if the row from the origin-destination natrix for centroid 
15 is that shown in the lower part of ~g . (11) then t he 
volumes on the links due to .trips f rom cent roid 15 would 
be as shown in Fig. (11). 

Table <Jr) Revised 
tre~ t~ble 

Node Total NO<le 
To time From 

10 7 12 
II 999 0 
12 3 IS 
13 4 12 
!4 999 0 
IS 0.0 
15 1 15 
17 3 16 

----

Te!>le \..5) Fino! , 
tte 1zb:e 

Nooo Total Node 
To ti!:le From 

II 7 12 
I 7 13 

n 3 IS 
lJ 4 12 
I-! 6 l3 
l i G.U . 
I ; . I IS 

I ' 3 16 
----- --


