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• T H E R E A R E emerging new develop
ments i n uses o f or ig in-des t ina t ion data 
w h i c h hold much promise f o r the f u t u r e 
of both t r anspor ta t ion p lann ing and c i t y 
p lanning . To achieve m a x i m u m usefu l 
ness, these developments must be or
ganized and in tegra ted so as to comple
ment one another. B y th i s means tha i r 
usefulness w i l l increase f r o m the almost 
zero u t i l i t y of a series of ind iv idua l 
pieces of i n f o r m a t i o n to the h i g h u t i l i t y 
o f a p lanning process. Th i s paper des
cribes the o rgan iza t ion of these devel
opments in to a p lann ing process. 

These new developments are a diverse 
group, r a n g i n g f r o m techniques and re
lat ionships to the applicat ion of methods 
borrowed f r o m other professions. The 
f o l l o w i n g are examples: 

1. The predic t ion o f f u t u r e t raff ic 
f r o m land use. 

2. The applicat ion o f s ta t i s t ica l tools 
to the analysis of data, such as mul t ip l e 
correlat ion, f ac to r analysis, and l inear 
p rog ramming . 

3. New methods of e s t ima t ing f u t u r e 
zonal interchanges. 

4. Machine methods of assignment 
and, possibly, s imula t ion of t raff ic flows. 

5. Use o f electronic computers i n data 
handl ing . 

The accumulated experience o f others, 
pa r t i cu l a r ly i n or ig in-des t ina t ion sur
vey w o r k i n over 120 ci t ies of the U n i t e d 
States i n the past dozen years, has been 
the ma in source o f knowledge i n the 
collection and use of or ig in-des t ina t ion 

data. Th i s experience has been gathered 
and disseminated th roughout the plan
n i n g and engineering f r a t e r n i t y by such 
organizations as the H i g h w a y Research 
Board . 

This paper has been prepared f r o m ex
perience gained i n both the D e t r o i t and 
Chicago urban area t ranspor ta t ion 
studies. The large size of these two 
studies and the insistence i n both tha t 
data be used ra ther than j u s t collected 
required the development of a process 
of organized p lanning. Th i s pr incip le of 
systematic analysis o f 0 - D data has been 
shaped by two recent developments: 

1. The creat ion of in tegra ted research 
staffs to do the w o r k o f u rban area 
t ranspor ta t ion studies. The simple f a c t 
of data ga ther ing , analysis and p lann ing 
undertaken by a research team as i t s 
complete f u l l - t i m e w o r k has favored the 
in tegra t ion o f these steps in to an o rgan i 
cally interdependent pa t te rn . 

2. The r a p i d improvement o f d i g i t a l 
computors and electric accounting ma
chines removes many previous l imi t a t i ons 
i n the manipu la t ion o f data. Several o f 
the new developments, especially i n 
studies o f zonal interchanges and i n as
s ignment to t r anspor ta t ion networks, 
could not even be contemplated w i t h o u t 
such mechanical help. 

Th i s repor t describes the present stage 
o f development of the systematic ap
proach to t ra f f ic p lanning. 
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and workable solutions to each step are 
w i t h i n s ight . 

Adequate populat ion and economic ac
t i v i t y forecasts are needed to begin. Each 
should be made independently o f the 
other, or at least should have independent 
checks. Reconcil iat ion w i l l then provide 
a reasonable forecast. W i t h such popula
t i o n and economic forecast, the f u t u r e 
gross land used, by category, f o r the met
ropol i t an region can be deduced. 

Once the gross land requirements are 
known, predictions must be made o f the 
way populat ion and land use w i l l be dis
t r i b u t e d th roughout the urban area. To 
a large extent this is predetermined: (1 ) 
i t is fixed by ex i s t ing populat ion and 
land use; (2) i t is controlled by t e r r a i n 
or topography; and (3) i t is de l imi ted 
by the f r i c t i o n s of space excepting as 
these can be economically modif ied by 
improved t ranspor ta t ion and u t i l i t y sys
tems. E i t h e r plans or predictions of f u 
ture land use and populat ion d i s t r i b u t i o n 
can be used, depending on the degree of 
control o f the local governments over 
land use. 

I n many areas, of course, plans do not 
exist, and f u t u r e land use must be fo re 
cast. I n other areas quite firm plans f o r 
f u t u r e development exist f o r al l or par ts 
of the region, and these can be subst i
tu ted f o r a forecast. 

Given the amount and location of f u 
tu re land use and population, the num
bers of t r i p s generated i n each area can 
be calculated. The rates of t r i p genera
t i on were previously obtained f r o m data 
i n the inventories of t r i p s and of land 
use. These f u t u r e t r i p s can be calculated 
by t r i p purpose, by t ime o f day, and by 
land use at destination and at o r i g i n . 

F o r computer processing, the land use 
pa t t e rn is best described as the land use 
of a series of g r i d squares i n a regular 
Cartesian coordinate system. The land 
use w i t h i n each square can be measured 
i n acres o f land i n use or i n square feet 
of floor area. Th i s la t te r measure is 
being used i n the Chicago study because 
i t provides more precise i n f o r m a t i o n on 
in tens i ty of use than would the acreage 
figures wh ich are available f r o m most 
land use studies. A measure wh ich re

flects both the demand f o r and the ab i l i t y 
or capacity to receive persons and goods 
is required. 

Given the number o f person t r i p s or 
goods deliveries, present or f u t u r e , 
w h i c h or ig ina te or t e rmina te i n each 
t raf f ic zone, the next step i n the est i
m a t i n g process is to determine zonal i n 
terchanges. Previously th is has been 
done by expanding the inventor ied t ravel 
interchanges. The present proposal f o r 
the Chicago area is to estimate in te r 
changes completely independently using 
only the behavioral patterns disclosed in 
cur ren t inventories. As yet the exact 
basis f o r such est imat ion is not known, 
but the f o l l o w i n g ideas seem pe r t inen t : 

1. Zonal interchange may be a f u n c t i o n 
of opportuni t ies f o r interchange between 
two zones; i.e.. numbers of jobs, square 
feet o f floor area i n shopping centers, 
etc. 

2. Zonal interchange may be a f u n c 
t ion of competing opportuni t ies . 

3. Zonal interchange may be an i n 
verse f u n c t i o n of some combinat ion of 
distance, speed, cost and/or convenience 
which , f o r lack o f a bet ter t e rm, may be 
called " t rave l resistance." 

4. Zonal interchange may be a func 
t i o n of demand, as expressed i n w i l l i n g 
ness or need to t ravel . Obviously, re
search is needed to discover the extent 
to which other methods of communica
t i o n and exchange can be used instead 
o f person t rave l and goods shipments by 
vehicles. 

Var ious mathematical tools are being 
tested to determine the i r usefulness i n 
r e l a t i ng these func t ions to est imate 
zonal interchange. Tests w i l l be r u n 
against actual interchange to determine 
accuracy of predic t ion. 

Travel resistance between zones, which 
must be known or estimated i n order to 
predict zonal interchange, is a f u n c t i o n 
of mode of t ravel , whether automobile, 
bus, t r a i n , o r r ap id t rans i t . F o r example, 
the t i m e between a suburb of Chicago 
and the Loop may vary by 30 m i n , de
pending on whether an automobile, t r a i n , 
or bus is used. Since t ravel resistances 
d i f f e r by mode, then zonal interchanges 
w i l l also be a f u n c t i o n of the modes 



CARROLL A N D C R E I G H T O N : U R B A N A R E A T R A N S P O R T A T I O N STUDIES 

w h i c h are available to serve any pai r or 
group of zones. 

I t is clear, then, tha t a knowledge o f 
l ike ly t ravel resistances between a l l 
zones is a requirement f o r solving the 
zonal interchange problem. A t the same 
t ime, the most logical place to study 
modal d i s t r i b u t i o n is at the poin t where 
t raff ic is assigned, because i t is there tha t 
flows on routes most immediately affect 
each other and i t is there tha t the i n d i 
v idua l considers the use of competing 
modes to take h i m f r o m o r i g i n to desti
nat ion. Knowledge gained i n the assign
ment problem must then be f ed back i n 
to the zonal interchange problem to make 
any necessary changes i n assumed modal 
t ravel resistances. 

Given present or f u t u r e zonal in te r 
changes, the next step of the es t imat ing 
process is to t r a n s f o r m these in to pre
dicted loads on each route o f each m a j o r 
type of considered t ranspor ta t ion . 

People, a l though forced by the s t rong 
demands o f residence and w o r k place to 
t ravel i n uneconomic concentrations, 
nevertheless probably choose the mode 
and route of the i r t ravel w i t h consider
able care, seeking to min imize some com
bina t ion of t ime, distance, cost or incon
venience. Choice of route f o r any one 
traveler is affected by s imi la r choices 
made by thousands of others. Where 
c rowding reduces route or modal desir
ab i l i t y below t h a t o f compet ing routes 
or modes, people w i l l seek less congested 
routes or modes. I t is l ike ly tha t a poin t 
is reached where to most individuals i t 
is a toss-up between two or three possi
b i l i t i es ei ther as to route — or route 
and mode. 

I n order to make th is process workable 
i n the es t imat ing process, two th ings 
must be achieved. The t ranspor ta t ion 
system i t se l f must be described and 
stored i n computer language, j u s t as the 
land use pa t t e rn was described by a g r i d 
coordinate system. Th is descript ion is 
based on the inventory o f t ranspor ta t ion 
fac i l i t i e s . A method of assigning t r i p s 
to each route on the t ranspor ta t ion sys
tem must be developed, a method wh ich 
w i l l record the decreasing des i rab i l i ty 
concomitant w i t h increasing use. F r o m 

these two parts, estimates of flows on 
each route can be made. 

Feedbacks d u r i n g the es t imat ing pro
cess are essential f o r reasonable solu
tions. One of the most impor t an t is the 
effect wh ich t raff ic flow has on zonal i n 
terchange. I f the method of est imating ' 
zonal interchange predicts so many t r i p s 
between two zones tha t the speed of 
t ravel is reduced, then the amount of 
t rave l between the two w i l l decline and 
other zones, now rela t ively more ad
vantageously located w i t h respect to one 
another, may increase t rave l linkages 
u n t i l a status of e q u i l i b r i u m is achieved 
consistent w i t h the new routes and the 
t ravel demands ( F i g u r e 4 ) . 
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Figure 4. The integrated planning process: the esti
mating process as an essential part of policy 

formation. 

The preceding section has described 
how the es t imat ing process can derive 
t raff ic flows f r o m land use i n f o r m a t i o n . 
I n th is process, two par ts of an urban 
area had to be described and stored i n 
computer language: the land use and 
populat ion d i s t r i b u t i o n pat tern , and the 
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t r anspor ta t ion system. Each of these two 
parts may be modified by plans and policy 
decisions. 

T H E PLANNING PROCESS 

The e s t ima t ing process ( F i g u r e 4) is 
so closely t i ed i n w i t h the policy decisions 
as almost to consti tute a la rger p lann ing 
process. I n th is pa r t i cu la r s tudy design, 
the two types o f policy decisions involve 
controls on f u t u r e land use and also on 
the development of new or improved 
t r anspor ta t ion routes. 

L a n d use plans and objectives may be 
obtained f r o m any source, official or p r i 
vate. As noted before, there may be an 
absence of adequate plans and enforce
ment machinery. Whatever the s i tua t ion , 
however, a policy w i l l have been made 
(of purposefu l public act ion or of laissez 
/ a i r e ) w h i c h w i l l affect the area's f u 
ture land use d i s t r i b u t i o n . These facts 
are then inserted i n the model and a 
new set o f t r i p generat ion figures pro
duced. 

Transpor ta t ion plans may also be ob
tained f r o m any source — f r o m official 
agencies, c i t izen groups, th inkers , or 
crackpots. L i k e the land use d i s t r i b u t i o n 
of the f u t u r e , they are inserted in to the 
es t imat ing process. The f u t u r e land use 
pa t te rn produces a new set of t r ips , these 
are used to predict f u t u r e zonal in ter 
changes, and these zonal interchanges are 
assigned to the proposed t ranspor ta t ion 
ne twork to determine f u t u r e t ra f f ic f lows. 

A l ready , however, fac ts have become 
apparent w i t h i n the es t imat ing process 
w h i c h may alter the proposed t ransporta
t i on plan. The f u t u r e land use pa t t e rn 
may generate zonal interchanges clearly 
not i n l ine w i t h the t r anspor ta t ion plan. 
F o r example, a low density land use plan 
w i l l not generate t r i p s suitable to a 
t ranspor ta t ion plan w i t h heavy emphasis 
on mass t ranspor ta t ion . Th i s may cause 
the planner to alter the plan even before 
tes t ing by assignment. 

T ranspor t a t ion plans may change the 
accessibility of some par ts o f an u rban 
area. Th i s change may s h i f t the d i s t r i b u 
t i o n o f new g r o w t h , i n t u r n changing 
t r i p generation, zonal interchange, and 

t raf f ic flow! Th i s is the feedback wh ich 
affects land use plans or project ions, and 
i l lustrates the balance of the urban sys
tem —• a balance wh ich must be ac
counted f o r i n the e s t ima t ing and plan
n i n g process . 

FUTURE IMPLICATIONS 

T h i s paper has described the f r a m e 
w o r k w i t h i n wh ich new developments i n 
the uses o f or ig in-des t ina t ion data can 
operate at t he i r greatest usefulness. 
W h a t are the impl ica t ions of these th ings 
f o r the f u t u r e of t r anspor ta t ion p lann ing 
and c i t y p lanning? 

1. A unif ied s tudy design w i t h em
phasis on the creation o f a sound plan
n i n g process w i l l provide the organiza
t iona l f r a m e w o r k w i t h i n w h i c h f u t u r e 
developments i n t ranspor ta t ion p lann ing 
can be accumulated, in tegrated and ap
plied. W i t h o u t such organizat ion, ad
vances w i l l t end to be separate, i n d i v i d 
ual is t ic and w i t h o u t the leverage w h i c h 
purpose and u t i l i t y provide. W i t h i n such 
an o rder ly f r a m e w o r k each addi t ional 
piece of knowledge, i f of any value, can 
increase the accuracy of es t imat ing and 
p lanning . 

2. Th i s paper has impl ied throughout , 
the existence of an u rban area as a sys
tem i n balance. L a n d use generates t r i p s 
to s a t i s fy human needs; these t r ips flow 
t h r o u g h a n e t w o r k ; t he i r presence i n the 
ne twork s h i f t s the relat ive accessibility 
of d i f f e ren t parts o f the urban area, i n 
t u r n in f luenc ing the location of new 
g r o w t h , i n t u r n f o r c i n g new t ranspor ta
t i o n fac i l i t i e s to be bu i l t . Unless al l these 
inter-rela t ionships are considered, the 
planner is dealing w i t h only a pa r t o f 
the whole, and his answers w i l l be par
t i a l answers. 

3. High-speed computers w i t h great 
storage capacity are coming in to i n 
creasingly common use across the coun
t r y . T h e i r a b i l i t y to manipulate complex 
systems should increasingly be harnessed 
to p lann ing operations and research, par
t i cu l a r ly f o r problems of met ropol i tan 
scale. Only w i t h these computers can the 
new ideas of tes t ing a complex system 
tend ing t oward balance or e q u i l i b r i u m 
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be accomplished, and only when the en
t i r e system is considered can new ideas 
and hypotheses be tested f a i r l y . Ac tua l ly , 
these ideas and hypotheses are l ike ly to 
come in to being only when they can be 
tested! These new computers, therefore , 
represent a potent ia l ly p o w e r f u l tool f o r 
f u t u r e research and p lanning . 

4. The need f o r closer relat ionships 
between t ranspor ta t ion planners and c i t y 
planners is pointed out. T ranspor ta t ion 
is so v i t a l to land use tha t i t may be con
sidered an ins t rument f o r e f fec tua t ing a 
land-use policy. Conversely, land use so 
affects t ranspor ta t ion systems t h a t land 
use controls may have to be applied more 

r igorous ly to safeguard public invest
ment i n t r anspor ta t ion fac i l i t i e s . 

M u c h hard w o r k remains to be done 
before the integrated p lann ing process 
can be perfected. Th i s unquestionably 
w i l l be accomplished i n t ime. The authors 
are deeply convinced tha t such in tegra ted 
processes, wh ich p e r m i t the accumulation 
of research, wh ich f i t the parts together, 
and w h i c h pu t the results to work , are 
the f o r m of f u t u r e p lanning and re
search. These processes can be applied 
to a l l types of p lanning. They w i l l p e r m i t 
the a f f a i r s of large metropol i tan areas to 
be arranged i n the f u t u r e w i t h much 
greater cer ta in ty . 




