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I n r ecen t y e a r s there has been an acce le ra t ing demand f o r 
a t tack on the p r o b l e m of u r b a n t r a n s p o r t a t i o n , w i t h emphasis 
on the need f o r i n t e r d i s c i p l i n a r y study of a l l re levant aspects 
of both the c i t y and the va r ious f o r m s of t r a n s p o r t a t i o n . 

A s an in teg ra t ive d i s c ip l i ne that concerns i t s e l f , i n p a r t , 
w i t h the way d i f f e r e n t a reas on the ea r t h ' s su r f ace i n t e r a c t 
w i t h each o ther , geography has much to o f f e r t o w a r d meet ing 
these needs. I t s value i s w e l l r ecognized by u rban planning 
bodies , but much less so by State highway depar tments , only 
two of w h i c h have geographers on t h e i r permanent s t a f f s , doing 
the s o r t of w o r k f o r w h i c h they w e r e t r a i n e d . 

No m o r e than a ha l f -dozen papers have been presented by 
geographers at the annual meet ings of the Highway Research 
B o a r d , and i t may t h e r e f o r e be of value to present a b r i e f 
r e v i e w of the geographic concepts that are appl icable to u rban 
t r a n s p o r t a t i o n r e s e a r c h . These concepts a re not necessa r i ly 
umque to geography, but the ins igh ts that a r i s e f r o m them may 
be. A m o n g them are loca t ion theory , c e n t r a l place h i e r a r c h y , 
u r b a n f u n c t i o n a l c l a s s i f i c a t i o n , r e g i o n a l land-use ana lys i s , 
s i m u l a t i o n mode l s , sys tems ana lys i s , g raph theo ry , and es 
p e c i a l l y new approaches to ca r tog raphy , i nc lud ing use of m a 
chines m mapping , m a t h e m a t i c a l maps , and d i s t o r t i ons that 
w i l l c l a r i f y the r e l a t ions between dis tance, cos t , and t i m e . 

Many substant ive s tudies have been p e r f o r m e d on spec i f i c 
c i t i e s and highway p r o b l e m s , and the mass of m a t e r i a l ac
cumula ted by geography depar tments i n the u n i v e r s i t i e s can 
be of considerable value to l o c a l r e sea r che r s f r o m other d i s 
c i p l i n e s . 

• B E F O R E the t r a n s p o r t a t i o n needs of a c i t y can be assessed, i t i s essen t ia l to l e a r n 
not only the i n t e r n a l c h a r a c t e r i s t i c s of the c i t y i t s e l f bu t a lso i t s r e l a t i o n s w i t h the 
r e g i o n of w h i c h i t f o r m s a p a r t , w i t h other c i t i e s , w i t h the count ry as a whole , and i n 
some cases, even w i t h the r e s t of the w o r l d . Thus , f o r ins tance , to be able to assess 
the t r a n s p o r t a t i o n needs of the c i t y of Seatt le, the f o l l o w i n g f a c t o r s , among a g rea t 
many o the r s , need to be cons idered: 

1 . The p e c u l i a r i t i e s of the c i t y ' s p h y s i c a l set t ing—its elongated f o r m , i t s invas ion 
by wa te r bodies , the p r o f u s i o n of h i l l s . 

2. The spec i f i c c l i m a t i c condi t ions , wh ich make f o r t r a n s p o r t a t i o n p r o b l e m s v e r y 
much d i f f e r e n t f r o m those of , say, T o r o n t o . 

3. The m a r k e d f u n c t i o n a l zonat ion, i n to c e n t r a l business d i s t r i c t , r e s i d e n t i a l and 
i n d u s t r i a l zones, a u n i v e r s i t y d i s t r i c t , and the e v e r - s p r e a d i n g suburbs ; and the e f f e c t 
that th is zonat ion has on the pa t t e rn of s t r i p genera t ion . 

4 . The economic base of the c i t y , wh ich r e s t s i n l a rge p a r t on the a i r c r a f t and 
f o r e s t r y i n d u s t r i e s . 

5. Seat t le ' s status as the chief center i n the P a c i f i c Nor thwes t , and i t s r e l a t i o n to 
the l e s se r centers i n Washington , Oregon , and Idaho, and to the Canadian c i t y of 
Vancouver . 
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6. The e f f e c t o f the mounta in b a r r i e r that separates i t f r o m the bu lk of the Uni ted 
States, and f r o m mos t of i t s own state of Washington , too. 

7. I t s dependence on h y d r o e l e c t r i c power f r o m the Co lumbia and Snake R i v e r s , and 
the e f f e c t of negot iat ions w i t h Canada on the a v a i l a b i l i t y of add i t iona l power . 

8. I t s spec i a l r e l a t i o n to A l a s k a . 
9. I t s r o l e as a w o r l d p o r t on the P a c i f i c , and the c o m p e t i t i o n f o r i t s h i n t e r l a n d 

o f f e r e d by Los Angeles , San F r a n c i s c o , P o r t l a n d , Vancouver , and even P r i n c e Rupe r t 
(the las t f o r the A l a s k a t r a d e . ) 

B y des ign , th i s l i s t has a l m o s t nothing to say about the f a c t o r that mus t be cons idered 
above a l l o the r s : people, t h e i r s o c i a l needs, t h e i r esthet ic l i k e s and d i s l i k e s , t h e i r 
i n d i v i d u a l reasons f o r l i v i n g i n the c i t y and m o v i n g about and beyond i t . These excluded 
questions a re the domain of the soc io log i s t and the a r c h i t e c t , whose s k i l l s have been 
recogmzed as essen t ia l to the so lu t ion of the u rban t r a n s p o r t a t i o n p r o b l e m . The one 
c h a r a c t e r i s t i c the i t e m s inc luded i n the l i s t have i n c o m m o n i s that , i n one way o r 
another , they invo lve r e l a t i o n s between places d i s t r i b u t e d on the ea r th ' s s u r f a c e . T o 
that extent , they a re a l l i n the domain of the geographer . 

The present paper b r i e f l y examines the f i e l d of geography and the s p e c i f i c c o n t r i b u 
t ions i t has made to an unders tanding of the u rban t r a n s p o r t a t i o n p r o b l e m . 

So b r i e f a su rvey of so b r o a d a subjec t can p rov ide f e w substant ive d e t a i l s , nor a re 
such de ta i l s a l together essen t ia l i n a paper that i s intended m e r e l y to put on the r e c o r d 
the w o r k that geographers have done, m a place where i t w i l l be ava i lab le to r e sea r che r s 
f r o m other d i s c i p l i n e s i n the f i e l d of u r b a n t r an spo r t a t i on . Reference w i l l be made to 
a wide range of represen ta t ive s tudies , and those who w i s h to delve deeper w i l l f i n d i n 
the Appendix a s h o r t l i s t of b i b l i o g r a p h i c and r e v i e w a r t i c l e s that w i U help t hem locate 
o ther r e p o r t s i n t he i r f i e l d of spec ia l i n t e r e s t . 

N I A G A R A P E N I N S U L A T R A N S P O R T A T I O N S T U D Y 
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Figure 1 . Information about t r a f f i c flow shown here used by engineers to help provide 
effi c i e n t f a c i l i t i e s for movement. (From "A Highway Plan for the Hamilton-Wentworth 

Area," Dept. of Highways, Ontario (1961).) 
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T H E F I E L D O F GEOGRAPHY 

Geography does not have a subjec t m a t t e r exc lus ive ly i t s own. What i s unique to 
geography i s i t s poin t of v i e w , and nothing e lse . I t i s an i n t e g r a t i v e d i s c i p l i n e ; i t t r i e s 
to b r i n g together a l l the phenomena that f i n d an a r e a l exp res s ion on the ea r th ' s s u r f a c e , 
to d i scove r and c l a s s i f y any u n i f o r m i t i e s that ex i s t , and to c l a r i f y the causal r e l a t i ons 
between phenomena. I n so doing , geography d r a w s on a host of o ther d i s c ip l i ne s f o r 
t h e i r spec i a l i n s igh t s , thereby ga in ing a synopt ic v iew of the p r o b l e m s that i t examines . 

A s w i t h o ther d i s c i p l i n e s , there i s no u n i v e r s a l l y agreed on d e f i n i t i o n of the l i m i t s 
of the f i e l d . Engineers a re f a m i l i a r w i t h the d i c t u m , " E n g i n e e r i n g i s wha t engineers 
do" ; s i m i l a r l y , "Geography i s what geographers d o . " I t does l i t t l e good to def ine 
engineer ing i n th is way to geographers , o r geography to engineers . Bu t an example 
f r o m each may help c l a r i f y at leas t some of the d i s t i nc t i ons between the d i s c i p l i n e s . 

F i g u r e s 1 and 2 show t w o f l o w p lans ; the f i r s t i s the f l o w of m o t o r t r a f f i c on highways 
i n a h igh ly u rban ized a rea , and the second, the f l o w of c e r t a i n goods between one spe
c i f i c a rea i n the Uni ted States and a l l o the r s . The engineer uses maps such as that i n 
F i g u r e 1 to l e a r n how much t r a f f i c each road i n the a rea i s expected to c a r r y , so tha t 
he may make such changes i n the r o a d s y s t e m as a re necessary to a l low the sys t em as 
a whole to w o r k e f f i c i e n t l y ; , the geographer uses maps such as that i n F i g u r e 2 to l e a r n 
someth ing about the spa t i a l i n t e rac t ions between the area under study and other a reas . 
T h e r e i s a v e r y i m p o r t a n t d i s t i n c t i o n he re , the d i s t i n c t i o n between the engineer ' s p r i 
m a r y i n t e r e s t m the f a c i l i t i e s f o r movement and the geographer ' s p r i m a r y i n t e r e s t i n 
the areas between w h i c h movement takes p lace . 

Engineers w i l l not ice o ther d i f f e r e n c e s between t h e i r ways of dea l ing w i t h the p r o b 
l e m s of u r b a n t r a n s p o r t a t i o n and those of geographers , p a r t i c u l a r l y academic geogra 
phers , i n the d i scuss ion that f o l l o w s . 

U l l m a n ' s Concept of Spa t i a l I n t e r a c t i o n 

A p p r o p r i a t e l y , the p rev ious geographic example i s taken f r o m the w o r k of U U m a n ( l . ) , 

DESTINATION OF 
IOWA 
ANIMALS 
AND PRODUCTS 

Figure 2. Information about commodity now shown helps geographers gauge spatial 
interaction between areas. (From Ullman ( 1 ) . ) 
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f o r i t i s h is concept ion of the p r i m a r y concern of geography, as the study of spa t i a l 
i n t e r a c t i o n , that may be suggested as a mos t f r u i t f u l t h e o r e t i c a l foundat ion f o r the geog
r a p h i c s tudy of u r b a n t r a n s p o r t a t i o n . 

A c c o r d i n g to U U m a n , there a re th ree concepts that together a re s u f f i c i e n t to exp la in 
the in t e rac t ions between any two areas : the f i r s t i s c o m p l e m e n t a r i t y , the l a c k of some
th ing i n one a rea that the o ther can supply; the second i s i n t e r v e m n g oppor tun i ty , w h i c h 
m u s t be absent, o the rwise the l a c k m a y be made up f r o m th i s m o r e convenient source ; 
and the t h i r d , t r a n s f e r a b i l i t y , the sheer p o s s i b i l i t y of movement between the two areas 
tak ing place W. I t migh t be w e l l to add a f o u r t h concept, to take in to account the ac t ion 
of the human w i l l , w h i c h may d i s r e g a r d o r change any o r a l l of the other t h r e e . B e 
cause i t may be pecu l i a r to a g iven place o r s i t ua t i on , perhaps i t may be ca l l ed i d i o s y n 
c r a s y . 

These concepts are of d i r e c t re levance to the p r o b l e m of u r b a n t r an spo r t a t i on . F o r 
movement to take place between any two zones of a c i t y , t he re mus t be c o m p l e m e n t a r i t y 
between them; each mus t have someth ing that the other needs; one may have w o r k e r s , 
the other f a c t o r i e s , one shoppers , the o ther s to re s . A newly c rea ted i n t e r v e n i n g op-
p o r t u m t y may reduce the number of t r i p s that f o r m e r l y took place between two zones; 
f o r example , the b u i l d i n g of a r e g i o n a l shopping cen te r may cause f e w e r shoppers to 
t r a v e l f r o m a nearby suburban r e s i d e n t i a l a rea to the downtown d i s t r i c t s . Of mos t 
d i r e c t concern to t r a n s p o r t a t i o n p lanners a re t r a n s f e r a b i l i t y and id iosyncrasy—planners 
may do t h e i r best to make convenient movement between two areas poss ib le , by p r o v i d 
i n g mass t r a n s i t s e r v i c e s , and ye t these may go r e l a t i v e l y unused, as people continue 
to ove r load the c i t y ' s roads w i t h s ingle-occupant c a r s . 

The f i e l d of geography, then, may be taken as the study of spa t i a l i n t e r a c t i o n , which 
i n t u r n invo lves a c a r e f u l examina t ion of the way s p e c i f i c a reas d i f f e r f r o m each o the r , 
and of the f o r c e s that these d i f f e r e n c e s generate , w h i c h r e s u l t i n movement between the 
a reas . 

Gene ra l R e m a r k s on Geographic Techniques 

The two techniques of w h i c h geography has t r a d i t i o n a l l y made the mos t in tens ive use 
a re the m a k i n g of f i e l d t r i p s and the c o m p i l a t i o n of maps . Indeed, these two a c t i v i t i e s 
f a i r l y w e l l s u m up the popular idea of what geographers do—or d i d w h i l e they s t i l l had 
the chance. They went out to exp lo re unknown places and came back w i t h maps show
ing what they had seen. Of the two , i t i s the map that i s mos t c h a r a c t e r i s t i c of geo
graphy . 

F i e l d t r i p and map , however , cannot by themselves t e l l the whole s t o r y . T o them 
mus t be added the f ac t s that can be gamed only by the ga the r ing of s t a t i s t i c a l i n f o r m a t i o n 
and i t s ana lys i s . A s w i t h any other sc ience , once masses of f ac t s about a g rea t many 
areas and t h e i r i n t e r a c t i o n s have been ga thered , the d i f f i c u l t tasks of gene ra l i za t ion 
and the f o r m u l a t i o n of m e a m n g f u l concepts must be under taken. I n th i s p rocess there 
i s necessa r i ly a g rea t deal of b o r r o w i n g f r o m other d i s c i p l i n e s , such as geology, m e t e 
o ro logy , geophysics , and espec ia l ly w i t h respect to the study of the c i t y and of t r a n s 
p o r t a t i o n , f r o m soc io logy , economics , and h i s t o r y . 

I n gec^raphy, as i n a l l sc iences , the re has been a p rod ig ious leap f o r w a r d i n the 
las t ten y e a r s . The s o l i d foundat ion of d i r e c t , e m p i r i c a l observa t ion i s s t i l l t he re , as 
IS the pa ins tak ing ga the r ing of f a c t s , but there has been evidenced an i n c r e a s i n g soph is 
t i c a t i o n i n the analys is of these f a c t s . Above a l l , a new school has emerged , the school 
of q u a n t i f i e r s , who are seeking to take advantage of recent advances m m a t h e m a t i c a l 
s t a t i s t i c s , i n operat ions r e s e a r c h and l i n e a r p r o g r a m m i n g , and i n e l e c t r o m c computa 
t i o n , by use of w h i c h they hope to es tab l i sh a set of geographic laws having a g e n e r a l i t y 
that has so f a r been imposs ib l e to achieve. 

A P P U C A T I O N T O U R B A N P R O B L E M S 

I n t e r n a l S t ruc tu re of the C i t y 

Some yea r s ago the Wenne r -Gren Foundat ion brought together sc ien t i s t s and scho la r s 
to d iscuss " M a n ' s Role i n Changing the Face of the E a r t h , " o f w h o m f u l l y o n e - t h i r d were 
geographers (2) . A s students of the face of the e a r t h , geographers a re of course v e r y 
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Figure 3. City blocks that make up CBD specified according to levels reached by their 
Central Business Height Index and Central Business Intensity Index. (From Murphy and 

Vance ($).) 
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much in t e r e s t ed i n the way man changes i t , and i n no way does he change i t so r a d i 
c a l l y , o r i n so r e a d i l y observable a f o r m , as i n the cons t ruc t ion of c i t i e s . T h e r e f o r e , 
geographers have f o r a long t i m e d i r e c t e d t h e i r a t ten t ion at the c i t y i t s e l f , the c o m 
p l e x i t y of i t s o rgan iza t ion , and the way d i f f e r e n t pa r t s of i t take on d i f f e r e n t p h y s i c a l 
qua l i t i e s that co r r e spond w i t h t h e i r d i f f e r e n t f u n c t i o n s . 

The re i s a vast l i t e r a t u r e devoted to d e s c r i b i n g the g r o w t h and f u n c t i o n a l zonat ion 
of i n d i v i d u a l c i t i e s , and over a p e r i o d of t i m e the spec i f i c types of va r i a t i ons r e c u r r i n g 
i n c i t y a f t e r c i t y have become recognized . 

Too much a t tent ion need not be g iven here to th i s aspect of geographic w o r k ; a l l 
students of the c i t y are aware of i t s f u n c t i o n a l zonat ion , and how much of t h e i r k n o w 
ledge i s a t t r ibu tab le to the w o r k of geographers , o r of soc io log i s t s , i s of l i t t l e s i g n i f i 
cance to t h e m . 

T w o types of s tudy, have concentra ted on the v e r y edge and the v e r y center of the 
c i t y , f o r i n the i n t e r a c t i o n between these two pa r t s of the c i t y r i s e the mos t in t r ac t ab le 
of a l l p r o b l e m s i n u rban t r a n s p o r t a t i o n . 

The R u r a l - U r b a n F r i n g e . —On the edge of the c i t y occurs the c o n f l i c t between a n t i 
t h e t i c a l types of land use, w i t h b locks of houses and f a c t o r i e s pushing suburban develop
ment out onto once r u r a l a c r e s . Representa t ive of such studies i s the w o r k of K r u e g e r 
(3) , who has become the recognized au tho r i ty on the f r u i t l a n d s of the N iaga ra Pemnsula 
i n O n t a r i o , where some of the mos t valuable of the scarce t e n d e r - f r u i t acreage of t h i s 
continent i s f a s t d i sappear ing under houses. I n the Uni ted States, a s i m i l a r phenom
enon IS o c c u r r i n g on a much vas te r scale i n Southern C a l i f o r n i a , and i t has been made 
the subjec t of a spec ia l supplement of the Anna ls of the A s s o c i a t i o n of A m e r i c a n Geo
graphers (4) . 

The C e n t r a l Business D i s t r i c t . —Perhaps no s ing le piece of geographic r e s e a r c h has 
had so d i r e c t a bea r ing on a l l w o r k on u r b a n t r a n s p o r t a t i o n as the study of the c e n t r a l 
business d i s t r i c t by M u r p h y , Vance, and Eps te in (5) . H e r e , i n a s e r i e s of th ree papers , 
a re presented exact quant i ta t ive methods f o r d e l i m i t i n g the C B D , a compara t ive study 
of C B D ' s i n mne c i t i e s , and some conclusions about the i n t e r n a l s t r u c t u r e of the C B D , 
based on the r e s u l t s of the compara t ive study ( F i g . 3) . 

M u r p h y and Vance set themselves the essen t ia l ly geographic task of de f in ing a r e c o g 
n izab ly d i s c r e t e r eg ion on the su r face of the ea r th , a man-made r eg ion w i t h cha rac 
t e r i s t i c s of land use that a re spec i f i c to i t and a re repeated over and over again m the 
landscape. M o s t i m p o r t a n t , they were de t e rmined to def ine the boundar ies of that 
r e g i o n i n quant i ta t ive , ob jec t ive t e r m s , so that no m a t t e r who used the p rocedures they 
developed, the r e s u l t i n g c o n f o r m a t i o n of the r eg ion should a lways be, w i t h i n reasonably 
close to le rances , the same. They decided to use as the un i t f o r d e s c r i b i n g th i s r e g i o n , 
th i s c e n t r a l business d i s t r i c t , not the l o t , as had been usual be fo re t h e i r t i m e , but the 
whole c i t y b lock . A n d the two c r i t e r i a f o r measure: nent that they developed were the 
C e n t r a l Business Height Index and the C e n t r a l Business In tens i ty Index. The f o r m e r 
i s the number of f l o o r s devoted to the types of business c h a r a c t e r i s t i c of the c e n t r a l 
c i t y , and i s obtained by d i v i d i n g the t o t a l f l o o r a rea of a l l c e n t r a l business uses by the 
t o t a l g round f l o o r a rea of the b lock . The l a t t e r i s the percentage that the t o t a l f l o o r 
a rea devoted to c e n t r a l business use makes up of the t o t a l f l o o r space at a l l l eve l s . 
Then they set up spec ia l r u l e s by w h i c h they cou ld designate en t i r e b locks as be ing 
e i the r i n the c e n t r a l business d i s t r i c t o r outside i t . They recognize the exis tence of 
a " c o r e " a rea , an a rea that has s ince been in tens ive ly inves t iga ted by H o r w o o d . 

Horwood cooperated w i t h Boyce i n a p r o g r a m o f studies that have m a t e r i a l l y advanced 
unders tanding of the e f f ec t of u rban f r e e w a y s on the c i t y center . The r e su l t s of t h e i r 
inves t iga t ions were f i r s t presented be fo re the Highway Research B o a r d i n January 1959 
(6), and l a t e r the same yea r publ ished i n expanded f o r m b y the U n i v e r s i t y of Washington 
P re s s (7, 52). 

Durden and M a r b l e (8) have pointed out that , al though p lanners of the C B D have sought 
f o r a coherent body of ideas and concepts to p rov ide perspec t ive f o r t h e i r da i ly w o r k , 
they have ignored t heo re t i c a l developments i n con tempora ry s o c i a l science. They there -
upon b r i n g to the a t tent ion of p lanners a number of t heo re t i c a l approaches f r o m s o c i a l 
science that the l a t t e r may f i n d u s e f u l . 

Loca t ion T h e o r y . —Economists a re paying inc reas ing a t tent ion to that aspect of t h e i r 
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f i e l d tha t c lo se ly approaches the bounds of geography—the economics of l oca t i on . Geog
r aphe r s have been happy to make use of the r e s u l t s of t h e i r l a b o r s , and l o c a t i o n theo
r y i s becoming a recogn ized f i e l d of geographic s tudy. 

B u i l d i n g on the fo imda t ion l a i d by L o s c h (9) , they have developed new techniques and 
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Figure h. Christaller's hexagons used here to help lay theoretical foundation for 
empirical study of effects of changing technology of transportation on urban hinter

lands. (From Vance ( 3 6 ) . ) 
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a r r i v e d at new t h e o r e t i c a l concepts. Only a s m a l l p a r t of l oca t i on theory deals w i t h the 
i n t e r n a l f u n c t i o n a l zonat ion of the c i t y , but i t i s i n t e r e s t i n g and can lead to s t i m u l a t i n g 
r e s u l t s . F o r example , i f on a c i t y map that g ives nothing m o r e than the d i s t r i b u t i o n of 
popula t ion and of disposable income—nothing about the s t r ee t pa t t e rn , f u n c t i o n a l d i s t r i 
bu t ions , r e s i d e n t i a l a reas , i n d u s t r y , o r commerce—pure ly f r o m t h e o r e t i c a l c o n s i d e r a 
t i o n s , exac t ly the r i g h t number of s u p e r m a r k e t s , w i t h each no m o r e than a f ew hundred 
fee t away f r o m i t s ac tua l l oca t i on , can be exac t ly p laced , then such r e su l t s a re someth ing 
w o r t h paying a t ten t ion t o . T h i s i s exac t ly what Get i s (53) accompl i shed i n h i s d o c t o r a l w o r k 
on r e t a i l l oca t i on i n the c i t y of Tacoma . I f h is r e s u l t s can be repeated f o r other c i t i e s , h i s 
techmque should f i n d ready app l i ca t ion i n u r b a n t r a n s p o r t a t i o n r e s e a r c h . 

E x t e r n a l Rela t ions of the C i t y 

The t r a n s p o r t a t i o n needs of a c i t y a re de t e rmined not on ly by i t s own extent and the 
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AREAL FUNCTIONAL ORGANIZATION IN THE 
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c o m p l e x i t y of i t s own o rgan iza t ion but a lso by the r e l a t i o n i n w h i c h i t stands to the 
s u r r o u n d i n g count rys ide and to o ther c i t i e s . Indeed, i t s extent and c o m p l e x i t y a re 
themselves func t ions of i t s e x t e r n a l r e l a t i o n s ; th i s i s the sub jec t of c e n t r a l place t h e o r y . 

C e n t r a l Place H i e r a r c h y . —What causes a c i t y to become grea t? Why does i t i n e x o r 
ably a r roga te to i t s e l f a g rea t e r and g rea te r concen t ra t ion of a coun t ry ' s o r a r eg ion ' s 
popula t ion , wea l th , i n d u s t r y , and c u l t u r a l l i f e ? I n what r e l a t i o n do the l esse r c i t i e s of 
the count ry o r r e g i o n s tand to th i s g rea t c i t y , and to each other? A n d what of the s t i l l 
l e s se r c i t i e s , towns, and v i l l a g e s : why are they where they a re , of the s ize that they 
a r e , of f e r i n g the p r ec i s e s e r v i c e s that they do? When a l l these questions a re examined , 
a d e f i n i t e p a t t e r n begins t o emerge , a p a t t e r n t o w h i c h has been g iven the name " c e n t r a l 
place h i e r a r c h y . " 

The g rea t c i t y has been examined i n such studies as J e f f e r s o n ' s "The Law of the 
P r i m a t e C i t y " (10), w h i c h s t i m u l a t e d much subsequent r e s e a r c h as, f o r example , by 
Stewar t and W a r n t z (11), who separa te ly and together have subjec ted the p a t t e r n to ma the 
m a t i c a l ana lys i s . B y f a r the grea tes t impetus to the study of c e n t r a l places has come 
f r o m C h r i s t a l l e r (12), who c l a i m e d to have d i scove red , i n south Germany , a r i g i d l y 
o r d e r e d hexagonal pa t t e rn ( F i g . 4) , to wh ich he thought tha t the nested h i e r a r c h y of 
u r b a n places eve rywhere wou ld be found to c o n f o r m . F u r t h e r , the re was not a g radua l 
increase i n popula t ion f r o m the s m a l l e s t place to the l a rges t , but , ins tead, the places 
could be grouped i n d e f i m t e , d i s c r e t e c lasses , and there w e r e what m i g h t be c a l l e d 
quantum jumps i n popula t ion f r o m class to c lass . 

C h r i s t a l l e r ' s w o r k was f i r s t b rought to the a t tent ion of A m e r i c a n geographers by 
U l l m a n (13). M u c h w o r k has since been done to tes t the v a l i d i t y of C h r i s t a l l e r ' s ideas , 
and the r e s u l t s , though they have i n no case c o n f i r m e d the r i g i d i t y of h is o r d e r i n g , have 
been f r u i t f u l i n po in t ing out o ther suggest ive r e l a t i o n s . A m o n g the mos t i n t e r e s t i n g of 
such s tudies a re those f r o m which F i g u r e s 5 and 6 have been taken, by P h i l b r i c k ( 1 4 , 1 5 ) . 
P h i l b r i c k has r anked the c e n t r a l places of the U n i t e d States i n an ascending se r i e s of 
o r d e r s , f r o m f i r s t to seventh ( F i g . 5). A l l places m the eas te rn Uni ted States f r o m 
the f o u r t h o r d e r up, and the amount of r a i l r o a d s e r v i c e each r ece ives , are shown i n 
F i g u r e 6. T h i s schemat ic p resen ta t ion shows w i t h g r ea t c l a r i t y how the amount of 
r a i l r o a d s e r v i c e i s r e l a t e d not only to the r a n k i n g of each place but a lso to i t s spa t i a l 
pos i t i on , and emphasizes the densi ty of the r a i l ne twork i n the a rea contiguous to Lake 
M i c h i g a n and Lake E r i e . 

The cong lomera t ion of c i t i e s on the eas te rn seaboard has r ece ived spec ia l a t ten t ion . 
Jean Got tman (16) uses the t e r m " m e g a l o p o l i s " to descr ibe the coalesc ing of the sp r ead 
i n g i n d i v i d u a l c i t i e s i n t o th i s huge cong lomera t ion . Jones (17) took a t h e o r e t i c a l c o n 
cept of Got tmann 's and used i t t o r e a c h an i m p o r t a n t m s i g h r a b o u t the c i t y . Got tmann, 
in t e res t ed i n the development of p o l i t i c a l en t i t i e s , has suggested that they come in to 
being th rough the ac t ion of two somewhat opposed f o r c e s , c i r c u l a t i o n and i c o n o g r a p h y . " 
The t i r s t t e r m r e f e r s to both t r anspo r t a t i on and the c o m m u m c a t i o n of ideas; the second 
descr ibes the whole sy s t em of symbols i n which a people be l i eves . C i r c u l a t i o n i s ( i n 
par t ) a sy s t em of movement , iconography of res i s tance to movement . The one makes 
f o r change, the o ther f o r p o l i t i c a l s t a b i l i t y . Jones (17) suggests that: 

Many of the problems of a growing c i t y a r i s e from the f a c t t h a t i t s 
c i r c u l a t i o n expands f a s t e r than i t s iconography. The metropolitan 
d i s t r i c t outgrows the p o l i t i c a l l i m i t s , and veste d l o c a l i n t e r e s t s 
and l o y a l t i e s make p o l i t i c a l expansion d i f f i c u l t . A s o r t of "metro
p o l i t a n i d e a " may develop, leading u s u a l l y to f u n c t i o n a l a u t h o r i t i e s 
r a t h e r than to p o l i t i c a l i n t e g r a t i o n . There are a number of choices 
p o s s i b l e such as annexation of suburbs, c i t y - c o u n t y c o n s o l i d a t i o n , 
metropolitan d i s t r i c t s , f u n c t i o n a l a u t h o r i t i e s , s t a t e assumption of 
l o c a l f u n c t i o n s . 

Other concepts that have a bea r i ng on the " m e t r o p o l i t a n idea" a re those of the " t h r e s 
h o l d " and the "range of a g o o d , " both of wh ich have been g iven in tens ive study by B e r r y 
and G a r r i s o n (1^ ,19 ) . The f i r s t deals w i t h the s ize a c i t y mus t achieve b e f o r e i t can 
suppor t a g iven l e v e l of s e r v i c e ( e . g . , th ree doc tors or f i v e s e r v i c e s ta t ions) , and the 
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second, w i t h the distance that people a re w i l l i n g to t r a v e l to purchase the good, whether 
a p h y s i c a l ob jec t o r a s e r v i c e . I n the app l i ca t ion of these concepts to i n d i v i d u a l places 
a b r o a d range of too ls i s b rough t in to use: l oca t ion theory and c e n t r a l place theo ry , 
the w r i t i n g of L o s c h and C h r i s t a l l e r , the economic too ls f a m i l i a r to u r b a n p lanne r s , 
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Figure 8. Together with Figure 9, a possible application of cartographic techniques of 
distortion to urban time-distance studies. (From Tobler (30).) 
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such as the bas ic-nonbas ic concept and L e o n t i e f ' s input -ou tput ana lys i s ; and th is w o r k 
i n t u r n i s used as the foundat ion f o r s tudies of u rban t r anspo r t a t i on p r o b l e m s , as B e r r y 
(20) has done i n his examina t ion of r i b b o n development on the highway between Seattle 
and E v e r e t t ( F i g . 7) , and as he, G a r r i s o n , and o thers have done more comprehens ive ly 
i n t h e i r book, "Studies of Highway Development and Geographic Change" (21). 
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Finally, there is the class of studies that groups cities in other ways, such as the 
functional classification by Harris (22) and the service classification by Nelson (23). 

Quantitative Techniques 
Although other geographers are making use of quantitative techniques of ever grow

ing sophistication in attacking geographic problems, application of these techniques to 
urban transportation research is chiefly associated with twp definite schools,, that of the 
Swedish Royal University of Lund, and that of the Umversity of Washington. Perhaps 
it is more appropriate to call the latter after its leader, William Garrison, for most 
of its members, including Garrison himself, have moved to other umversities m the 
United States. 

Over the last decade the Lund school has produced an exceptionally interesting body 
of work, much of i t based on rigorous mathematical analysis. Merely to list a few of 
the titles is to suggest the relevance of this work to urban transportation research: 
"Bus Services, Hinterlands, and the Location of Urban Settlements in Sweden" (24); 
"An Analysis of Automobile Frequencies in a Human Geographic Continuum" (2577 and 
"The Journey to Work from the Statistical Point of View" (26). 

The school has been especially profilic in studies of migration, m which the journey 
to work, urban sprawl, and commutation take a prominent place. Special mention must 
be made of the work of Hagerstrand, in whose "Propagation of Innovation Waves" (27) 
and "Migration and Area" (28), original cartographic techniques are developed to Kelp 
explain, respectively, the diffusion of (among other things) the ownership of motor 
vehicles among a population, and the relation between the distance separating two places 
and the number of people migrating from place to place. 

As for the Garrison school, its pioneering work in location theory and on central 
place hierarchy has already been referred to. However, these by no means exhaust its 
range; members of the group have produced papers in which the latest tools of quantita-
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Figure 10. Map d i s t o r t i o n s used t o h i g h l i g h t wor ld r e l a t i o n s i n i n t e r n a t i o n a l t r ade . 
(From Andreas Grotewold, "Some Aspects o f the Geography o f I n t e r n a t i o n a l Trade." 
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tive analysis—operations research, linear programming, regression analysis, simula
tion models, and graph theory—have all been put to use. 

Cartographic Techniques 
In urban transportation, time is of much more significance than distance. Maps 

usually give only an idea of the number of yards or miles between one point in a city 
and another, but are less exact in telling about the number of minutes or hours i t takes, 
under given conditions, to move between these points. Mathematical techniques have 
been developed by Bunge (29) and Tobler (30), for example, for constructing map pro
jections that tell about the time relations between points. Figures 8 and 9 show what 
happens when such a projection is made. In Figure 8 the shape and the street pattern 
of the city of Seattle are drawn to scale; at the peak travel hour, movement along some 
of the streets is faster than along others, so that the lines joining points of equal travel 
time are very irregular. In Figure 9 these lines of equal travel time, or isochrones, 
have been smoothed out into concentric circles centering on the CBD, with a resulting 
distortion of the shape and street pattern of the city. The areas nearest the CBD where 
travel is slower, are shown as enlarged (taking up more space, as i t were, m the time 
dimension), whereas those further away are foreshortened. 

Maps have been constructed on the same principles to show cost relations between 
points. 

Map distortions can be used to highUght other urban relations (Fig. 10). Though 
their total land area is four times that of the United States, in this map the Soviet 
Union, China, and India together do not even equal the United States. Here at a glance 
is seen the relative importance in international trade of these four countries. Similar 
maps would be useful m emphasizing the internal relations of cities that have their ef
fect on transportation, perhaps by eliminating such factors as topographic irregularities. 
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or unevenness of population density, or differences in suitability for different types of 
land use, which themselves bring distortions to the transportation pattern. 

Map distortions might be used in conjunction with st i l l another new cartographic 
technique, the use of electronic computers in mapping, to which Tobler has given a 
great deal of attention. Graph theory can be used to describe the system of nodes and 
links that makes up a city's street network, and these can then be readily translated 
into computer language. The simple street pattern in Figure 11 is topologically the 
exact equivalent of the seemingly more complex pattern in Figure 11, and the relations 
between the nodes and links of both are exactly reproduced in Figure 11. Because the 
topological equivalence is exact, no distortion of the shape of a city wil l affect its street 
network, as long as the pattern of nodes and links remains undisturbed. This procedure 
may find useful application in the setting up of a system of zones for origin-destination 
surveys, and the feeding of the necessary information into a computer. 

The Commuting Problem 

Mention has already been made of the Lund studies on the subjects of the journey to 
work and migration, both of which are aspects of the commuting problem. In Sweden 
great emphasis is placed on bus service, and this emphasis is paralleled in other 
European countries to a far greater extent than on this continent. Thus, the British 
geographers, Green (31) and Dickinson (32), use commuting by bus as a criterion for 
examining the relations between cities and their hinterlands in England and Germany, 
respectively. Dickinson has further discussed the problem of commuting by all trans
portation media available in a German industrial area (33). German geographers too 
have studied the public transport system; for example, the German study of the public 
transport system in Berlin before and after World War n (34). The destruction caused 
by war, the division into two sectors by a wall that has since become a physical fact, 
and the loss of many of the city's functions, have caused a shift in vitality from the 
central to the peripheral areas of Berlin. This shift is well illustrated in two traffic 
flow plans: whereas before the war the usual pattern obtained, of heavy traffic in the 
city center becoming progressively lighter as the outskirts are approached, after the 
war the pattern was reversed, and the heavier traffic is now found away from the cen
tral area. Studies such as this might well be brought to the attention of people working 
on civil defense plans. 

On this continent, geographic work on mass transit is conspicuously meager. To be 
sure, there is a study on streetcar traffic, which appeared as long ago as 1917 (35), 
and which appears to be the only paper that discusses climatic effects on urban trans
portation from a geographic point of view. Finally, there is a paper by Vance (36), 
from which Figure 4 was taken, that may turn out to be as influential in the field of 
urban transportation geography as the previously mentioned series on the CBD, with 
which Vance was also involved. Vance uses what he calls "dynamic analysis," a stage-
by-stage comparison of various conditions over time, to discover the effect of the chang
ing technology of transportation on sources of labor supply, on the journey to work, on 
the shape of the city, and on its relations with satellites and suburbs. He makes the 
value of his work to planners explicit by discussing the application of his findings to the 
problems of urban planning. 

Miscellaneous Transportation Studies 
Waterways, railways, and airways have all received attention from geographers, 

but no very great proportion of their work has any direct relevance to urban transporta
tion research. Indirectly, of course, almost any study of transportation has its bearing 
on cities, which are nodal points m all transportation networks. 

Chicago, as a great transportation center, has received a commensurately detailed 
examination from this point of view. Representative studies that may be mentioned are 
those by Mayer on Chicago's relation to the St. Lawrence Seaway (37) and on its ra i l 
way facilities (38); and by Taaffe on its air passenger hinterland (59). On ports in 
general, Weigend is among the chief authorities (40); and, though he restricts himself 
to European cities. Beaver (41) has some valuable comments on railway patterns near 
and within great cities. 
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The present catalogue of transportation studies may be rounded out by adding two 
that deal respectively with highways on the outskirts of cities and the streets within. 
The f irs t , by Grotewold (42), examines one of the most difficult problems that highway 
planners have to contend with—the proliferation, on the highways passing through the 
rural-urban fringe, of commercial establishments that adversely affect the quality of 
traffic flow. The second, by Borchert (43), uses the density of the street network in 
an urbamzed area (the number of street and road intersections per square mile) not 
only to discover the pattern of development in the past and in the present but to extra
polate that development into the future. 

Geographers have been just as prone as other students of transportation to concen
trate their attention on one or two transportation media, but with less excuse. As 
practitioners of a discipline that is, m its essence, an integrative and correlating dis
cipline, they might have been expected to approach the problem of transportation, and 
particularly of urban transportation, onallits manifoldfronts. Fortunately, geographers 
are becoming no less concerned than other scientists over the fragmentation that has 
so far characterized their work on transportation, and many more studies, such as 
that by Vance, wi l l probably appear that examine urban transportation as a whole. 

GEOGRAPHY AND THE HIGHWAY RESEARCH BOARD 
Only within the last five years have highway planners been given the direct opportunity, 

at the meetings and in the publications of the Highway Research Board, of learning what 
geographers have been-doing in their field. Although in all the highway departments of 
the United States there are only two geographers permanently employed at present, 
others have from time to time been brought in as consultants, or have served on such 
bodies as the Twin Cities Area Transportation Study, two of whose four top positions 
were occupied by geographers. Much more numerous are geographers associated with 
urban planning boards. But by far the greatest amoimt of geographic research on the 
city and on transportation is done in the universities. 

The papers that geographers have presented before the Highway Research Board in 
the period beginning in 1957, when the f i rs t one appeared, have necessarily had a d i 
rect bearing on the interests of practicing planners, though in fact all but one of them 
were prepared by academic geographers. The exception was the very first to appear, 
which was presented by two geographers on the staff of a Canadian highway department, 
in conjunction with a highway engineer, on the subject of highway classification techni
ques (44). 

The two state highway departments that have had the closest association with geog-
graphers in the umversities have been those of Washington and Minnesota. These de
partments have collaborated with the Bureau of Public Roads and the state universities 
in conducting many economic impact studies, which have resulted in the publication of 
numerous papers under the joint auspices of all the bodies involved, among them such 
papers as that by Garrison and Marts on the influence of highway improvements on urban 
land (in Washington) (45), and by Borchert on commercial-industrial development along 
highways m the Minneapolis-St. Paul area (46). 

The Highway Research Board has been informed of some of the results of this re
search; e.g., m a paper from Washington on application of linear programming tech
niques to analysis of highway networks (47), and one from Minnesota on the Twin Cities 
Study (48). 

Only one paper to the Highway Research Board has been presented by a geographer 
who was not in any way involved with practical planmng, but it was perhaps the most 
sigmficant of all (49). For in i t Murphy brought to the attention of highway workers the 
important insights that he and his colleagues have brought to the study of the central 
business district. 

Thus, a begmmng has been made towards acquainting highway workers with the 
results of geographic research on the city and on transportation problems. 

STUDENTS' THESES 
One last source of information must be mentioned, but this is perhaps the most valu-
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able to local planners. Students preparing for undergraduate and graduate degrees 
are frequently assigned problems in urban and transportation research, and sometimes 
their reports contain information of great value. Geography departments in universities 
across the continent have great numbers of such reports, in the form of bachelor's, 
master's, and doctoral theses, which, because they are unpublished, seldom come to 
public attention, but which in many cases are well worth consulting. The map in Figure 
12 comes from just such a thesis (50), and helped planners to familiarize themselves 
with the physiographic problems that had to be solved in laying out the future street and 
highway network of the city shown. The Ontario Department of Highways makes con
stant use of geographic theses prepared in universities throughout Canada and even 
abroad. Most assuredly, planners elsewhere can gain equal value from research done 
by umversity students on the cities in which those planners are interested. 

INTERDISCIPLINARY COOPERATION 
In the planning of transportation facilities for cities, voices from many disciplines 

must be heard, but i t is the ei^ineer who must have the last word, for his is the u l t i 
mate responsibility of providing the physical facilities themselves. Appropriately, 
therefore, the last words in the present paper wi l l be given to two engineers, both 
eminent leaders m transportation research. 

In his foreword to a report on the Woods Hole Conference on Transportation Research, 
Davis (51) wrote: 

Transportatxon a f f e c t s , and i s a f f ec t ed by, many economic, soc ia l and 
i n s t i t u t i o n a l f a c t o r s . The competence o f those engaged i n the engineer
i n g and the phys ica l sciences can be brought t o bear on only a few of 
the aspects t h a t are involved i n the f u n c t i o n i n g o f t r anspor t . I t was 
recognized at the outset o f t h i s undertaking tha t adequate appraisal o f 
the t r anspo r t a t i on s i t u a t i o n would require the i n s i g h t s not on ly of the 
engineers and phys ica l s c i e n t i s t s , but also socisO. s c i e n t i s t s , economists, 
urban planners, lawyers, and others i n t i m a t e l y f a m i l i a r w i t h the p r a c t i c a l 
aspects of p rov id ing t ranspor t f a c i l i t i e s and operating the services. 

And here, from a personal communication written by John C. Kohl, are the words 
that best end this paper: 

[There i s a need t o ] r e i n f o r c e the c u r r e n t l y hes i tan t approach by 
our own geographers who are l a c k i n g i n convic t ion about t h e i r r o l e 
i n t r anspor t a t ion p lanning. As a t r anspor t a t ion engineer, I have 
long f e l t the need f o r geographers i n planning a c t i v i t i e s . 
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Appendix 
BIBUOGRAPHICAL MATERIAL 

The fields of both urban and transportation geography are advancing so rapidly that 
bibliographies and collections of articles, no matter how painstakingly compiled, rapidly 
become out of date. Nonetheless, the book of readings in urban geography edited by 
Mayer and Kohn, in which many of the items referred to in the present paper are in
cluded (see footnote references), remains valuable, In that i t gives an overview of the 
whole field of urban geography. The fact that no articles on urban street and highway 
problems are Included indicates how recently these problems began to attract the at
tention of geographers. 

For the relation of urban and transportation geography to the field of geography as 
a whole, see "American Geography: Inventory and Prospect," edited by Preston E. 
James and Clarence F. Jones (Syracuse Univ. Press, 1954). This compilation was 
published five years earlier than the book edited by Mayer and Kohn, and is due for 
revision. Still, i t retains the permanent value inherent in any undertaking on which a 
group of first-rate authorities have cooperated. 

Geographers depend to a very high degree on work performed in disciplines other 
than their own. The catholicity of their reading is illustrated in "An Annotated Bibliog
raphy of the Geography of Transportation," the largest part of which deals with urban 
transportation, compiled in 1961 by the author, with the help of Beverly Hickok, librar
ian of the Institute of Transportation and Traffic Engineering, University of California 
at Berkeley, and issued by the Institute as Information Circular 29. 

More specialized, but s t i l l covering other disciplines besides geography, are a 
number of bibliographic studies conducted by Berry and by Garrison. The most ambi
tious of these is "Central Place Studies: A Bibliography of Theory and Applications," 
compiled by B.J . L. Berry and A. Pred, Bibliography Series 1; Regional Science Re
search Institute, Philadelphia, (1961). Berry has also published a paper on "Recent 
Studies Concerning the Role of Transportation in the Space Economy," Annals, Assoc. 
of American Geographers, pp. 328-342 (1959). Also W. L. Garrison surveyed the 
literature on "Spatial Structure of the Economy" in a series of three papers, also in 
the Annals, pp. 232-239, 471-482 (1959) and 357-373 (1960). 

Finally, an invaluable source of bibliographical information for those interested in 
the whole field of location and central place theory, in simulation models (especially 
the gravity model) and other quantitative techmques, is W.Isard's "Methods of Region
al Analysis," Technology Press of Mass. Inst. Tech. and John Wiley (1960). 

Two geographic contributions of significance to urban transportation research have 
appeared since the present paper was delivered before the Highway Research Board. 
Each is by an established authority in the field. 

The f i rs t , by Allen K. Philbrick, is on the subject of "Analyses of the Geographical 
Patterns of Gross Land Uses and Changes in Numbers of Structures in Relation to 
Major Highways in the Lower Half of the Lower Peninsula of Michigan," Michigan State 
Univ. Highway Traffic Safety Center and Department of Geography, East Lansing (1961). 
Phllbrick's concept of the "dispersed city," which he prefers to that of "conurbation" or 
"megalopolis," as having none of the value judgments inherent in either, is here applied 
to research on the effect of highways on the use of the land that they serve. He demon
strates the existence of "zones of highway impact" of varying depth, and accurately and 
strikingly maps them by means of original techniques. Of exceptional value is the 
description of field methods that allow for extremely rapid and comprehensive taking of 
inventory of land use over large areas. 

The second, by Edward J. Taaffe, is "The Urban Hierarchy: An Air Passenger 
Definition," Economic Geography, 38:1-14 (Jan. 1962), which describes the manner in 
which four cities in the United States (New York, Chicago, Los Angeles, and San Francisco) 
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have achieved dominance with respect to air passenger traffic over all others. A dis
tinct hierarchical pattern has emerged; thus, the cities of the Pacific Northwest focus 
on Seattle, which focuses on San Francisco, which focuses on Los Angeles. "For fur
ther empirical evidence as to the specific configuration of the urban hierarchy," Taaffe 
concludes, " i t would seem profitable to examine the highway and rai l linkages of indi
vidual cities through time, and to attempt to f i t them into the broader spatial context of 
air passenger linkages." Of special interest is Taaffe's use of the gravity model to 
give a theoretical foundation to his empirical observations. 

Both of these papers may be expected to lead to widespread research programs that 
wi l l give planners valuable insights into the developing transportation needs of growing 
cities. 




