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Sneaking t o y o u y e s t e r d a y I d e s c r i o e d in g e n e r a l terms now 

motor v e h i c l e p r o d u c t i o n and the improvement o f roads have each 

passed in a lmos t i d e n t i c a l p e r i o d s through two s t a g e s o f the 

normal "growth p r o c e s s " , wnicn we c a l l e d the " f o r m a t i v e y e a r s 1 1 and 

the "growing / e a r s " , and art? nov; e n t e r i n g t o g e t h e r the t h i r d s t a g e 

o f tne p r o c e s s , w':iich we c a l l e d the "years o f m a t u r i t y . " The tnree 

s t a g e s were d e s c r i b e d as c o r r e s p o n d i n g t o the th r ee d i s t i n c t i v e 

s e c t i o n s o f a f a m i l i a r 3-shaped c u r v t , wh ich t y p i f i e s a l l growth 

p r o c e s s e s ; the " fo rma t ive y e a r s " Deing r e p r e s e n t e d oy the lower 

s e c t i o n o f s l i g h t upi.ari s l o p e , the "growing y e a r s " "by tne s t e e p l y 

r i s i n g midd le s e c t i o n , and the "mature y e a r s " "by the upper s e c t i o n 

which i s a~ain on ly s l i g h t l y i n c l i n e d upward. 

I spoke o f tne s t a g e a t v/nicn tnese developments have now 

a r r i v e d as the "beginning o f a near approach t o l i m i t s , and tfnere-

f o r e a somewnat c r i t i c a l s t a g e , a t wnich i t i s d e s i r a b l e to p r o c e e d 

w i t h g r e a t e r ca re i n hirhv/ay a d m i n i s t r a t i o n than was n e c e s s a r y when 

the growth was more r a p i d . 

~ have p r e v i o u s l y employed the metaphor o f a s c u l p t o r c a r v i n g 

a s t a t u e from a b l o c k o f g r a n i t e to i l l u s t r a t e the c h a r a c t e r o f the 

change in methods o f p rocedure tha t i s d e s i r a b l e . Knowing the 
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approximate depth w i t h i n the b l o c k a t which l i e the imagined p lanes 

o f the s t a t u e the s c u l p t o r can s a f e l y hac.^ away at the g r a n i t e w i t h 

s tone-mason b lows and apparent r e c k l e s s n e s s as l o n g as there i s 

s t i l l a c o n s i d e r a b l e e x c e s s o f s t o n e to be removed. But as he 

approaches the p lanes o f tne f i g u r e , he w i l l cut w i t h i n c r e a s i n g 

ca re and f reauen t measurement t o oe su re tha t he r eaches the e x a c t 

depth a t eve ry p o i n t that i s n e c e s s a r y to form tne s u r f a c e o f tne 

f i n i s h e d f i g u r e . To o v e r c u t i s f a t a l ; t o undercu t i s t o l e a v e the 

f i g u r e u n d e v e l o p e d . 

In the a d m i n i s t r a t i o n o f highways we have r eached the p o i n t 

where a s i m i l a r cnance o f methods i s d e s i r a b l e ; and i t i s t h i s f a c t 

that e x p l a i n s tne under tak ing o f the highway p l a n n i n g s u r v e y s . The 

surveys c o n s t i t u t e an e l a b o r a t e e f f o r t to e s t a b l i s h a base o f 

r e f e r e n c e t o which we can t r a c e pa s t t rends by s u c h i n d i c a t i o n s as 

the h i s t o r y o f tne development a f f o r d s and from which we can more 

c a r e f u l l y f o l l o w fu ture t rends t o =;a-~e and be fo rewarned o f the 

approach t o e x p e c t t d l i m i t s . 

H e n c e f o r t h i t w i l l LO h i ^ h l v e s s e n t i a l that we >eeo a c u r r e n t 

l o g o f t ne se fu ture t rends jy con t inuance o f the p lann ing survey 

e f f o r t s u i t a b l y m o d i f i e d , i u t s i nwly t o know eacn y e a r what fu r the r 

p r o g r e s s has Deeu made w i l l no t oe s u f f i c i e n t f o r the purposes o f 

future p l a n n i n g . T.»e s n a i l a l s o need t o make tne Dest p o s s i b l e f o r e ­

c a s t s c f the p r o g r e s s tha t w i l l , o r can , o r s h o u l d be made. 
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Such f o r e c a s t s w i l l not oe the f i r s t to be a t t empted by 

highway a d m i n i s t r a t i o n . But t ^e r t i s now a o r o o a b i l i t y that they 

can oe more a c c u r a t e than the f o r e c a s t s that nave been a t tempted 

in tne p a s t , s imply oecause we nave r eached a s t a g e o f the ".growth 

p r o c e s s " a t which tne fu ture c o u r s e i s more c l e a r l y p e r c e p t i b l e . 

Vihen tne curve o f motor v e h i c l e r e g i s t r a t i o n f o r example 

was in tne middle o f i t s s t e e p e s t c l i m o , the a t tempt t o p r e d i c t 

wnen i t would bef.in to turn toward tne l e s s e r i n c l i n a t i o n o f i t s 

"mature" s e c t i o n c o u l d oe l i t t l e o e t t e r than a gar .cle. Ba t , now, 

when f o r n e a r l y a decade i t has shown u n n i s t a k a c l e e v i d e n c e s o f 

having p a s s e d i n t o the "mature" s e c t i o n , tne v e r y s lowness o f i t s 

p r o b a b l e f u r t h e r c l i m o reduces tne cnance o f e r r o r i n e s t ima te s o f 

the h e i g n t Which i t \ M ! 1 r-;xcn a t any r e l a t i v e l y near fu tu re p e r i o d . 

S i n c e roada are b-J.lt t o f a c i l i t a t e the movement o f v e h i c l e s , 

and s i n c e motor v e n i i l e ^ a re now, and in the fu tu re w i l l De the on ly 

k inds o f r o a d - u s i n g v e h i c l e s tnat need oe g i v e n much c o n s i d e r a t i o n , 

the numcvrs and movements o f motor v e h i c l e s i n the f a t a r e a re the 

p r i n c i p a l f o r e c a s t s o f i n t e r e s t t o tne- highway a d m i n i s t r a t i o n , ' iumcers 

o f v e h i c l e s pe r S c a re o f i n t e r e s t oecaase the v e h i c l e "unit i s one 

base o f the t a x a t i o n to which wc l o o k f o r revenues e s s e n t i a l f o r the 

suppor t o f fu ture read improvement and management. The e x t e n t and 

p l a c e s o f tne movements o f tne v e h i c l e s we need t o m o w ; f i r s t , 

o e c a u s e , th rough tne g a s o l i n e t ax , tne e x t e n t o f the movements must 
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en te r i n t o e s t i m a t e s o f o t h e r impor tant fu ture r e v e n u e s ; and, s e c o n d , 

"because "both the e x t e n t and p l a c e s o f the movements must be f o r e s e e n 

i n o r d e r t o supply road c a p a c i t y adequate t o s e r v e them. 

f o r e c a s t s o f the fu tu re r e g i s t r a t i o n o r numbers o f motor 

v e h i c l e s have o f t e n been a t tempted i n the pa s t by v a r i o u s p e r s o n s and 

a g e n c i e s w i t h v a r y i n g s u c c e s s . In n e a r l y eve ry S t a t e e f f o r t s have 

"been made f o r one reason o r ano the r t o p r e d i c t the fu tu re r e g i s t r a t i o n 

o f v e h i c l e s w i t h i n tne S t a t e . In a l l o f the e a r l y t r a f f i c su rveys 

made by the bureau o f P u b l i c Roads in c o o p e r a t i o n w i t h s e v e r a l S t a t e 

highway depar tments , ll such f o r e c a s t s were a t t empted ; and b e s i d e s 

tnese S t a t e f o r e c a s t s a numoer o f e s t ima te s have been a t tempted f o r 

the e n t i r e Uni ted S t a t e s , Tne most impor tant o f such e s t ima te s a re 

those made by Char les F. K e t t e r i n g o f the Genera l R o t o r s C o r p o r a t i o n 

i n 1 9 3 7 » c y the American Pe t ro leum I n s t i t u t e in 1 9 3 5 * j y John 7 i . S c o v i l l e 

l l Surveys were made in the S t a t e s of C o n n e c t i c u t i n l y 2 3 and 1 9 3 ^ t 
P e n n s y l v a n i a in 1921+, l iaine in 1 9 2 U , Ohio in 1 9 2 5 , Vermont i n I 9 2 6 , 
N e w Hampshire i n 152b and 1931, Michigan i n 1930 and 1931* Sew 
Je r sey in 1 9 3 2 and 1 9 3 3 , Rhode I s l a n d i n 1 9 3 ^ . F l o r i d a in I 9 3 L , 
Arkansas in 1 9 3 ' 4

 a r i d 1 9 3 5 * a n d i n the e l e v e n w e s t e r n S ta t e s o f 
.Arizona, C a l i f o r n i a , C o l o r a d o , Idaho , i lecraska , New M e x i c o , Nevada, 
Cregon, Utan, Washington, and '.Vyoming i n 1 9 3 ^ * 
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2 / K e t t e r i n g , Charles I , , :,iOtor V e h i c l e s and Highways o f the Future , 
A d d r e s s d e l i v e r e d b e f o r e the American S o c i e t y o f C i v i l E n g i n e e r s . 
D e t r o i t , Jul; ' 2 1 , 1 9 3 7 . 

American Pe t ro leum I n s t i t u t e , ,-vmerican Pe t ro leum Indus t ry - A Survey 
o f the P re sen t P o s i t i o n o f the Pe t ro l eum Indus t ry and I t s Out look 
Toward the l u t o i ' e ; 1 9 3 5 . 

S c o v i l l e , Jo.nn v*. , b e h a v i o r o f the a u t o m o b i l e Indus t ry i n D e p r e s s i o n , 
a d d r e s s d e l i v e r e d j e f o r e the Economet r i c S o c i e t y , ITew Y o r k , 
Decemoer 3 ° » 1 9 5 5 -

Bureau o f P u b l i c Hoads, ^ o t o r V e h i c l e P r o d u c t i o n and Use i n the 
Un i t ed S t a t e s , 1S95-1960; 193S. 

o f The C h r y s l e r C o r p o r a t i o n i n 1933. sy the U. 3. bureau o f 

P u b l i c Hoads (now P u o l i c Hoads a d m i n i s t r a t i o n ) i n 1938* — I 
In some o f the e a r l i e r f o r e c a s t s fu tu re r e g i s t r a t i o n was 

e s t i m a t e d by a s imple g r a p h i c a l e x t e n s i o n o f the curve o f a c t u a l 

r e g i s t r a t i o n , as i t aad d e v e l o p e d to d a t e , A S tne a c t u a l cu rves 

were in some i n s t a n c e s not y e t s u f f i c i e n t l y d e v e l o p e d t o i n d i c a t e 

t h e i r fu tu re c o u r s e , such e s t i m a t e s were l i a b l e t o g r o s s e r r o r i f 

ex tended v e r y f a r i n t o tne f u t u r e . 



L a t e r e s t ima te s e m p l o y e ! the r e l a t i o n , between p o p u l a t i o n 

and motor v e h i c l e r e g i s t r a t i o n , and a r r i v e d at an e s t i m a t e o f 

fu ture r e g i s t r a t i o n by d i v i d i n g the p r e d i c t e d p o p u l a t i o n o f the 

fu tu re p e r i o d oy the e s t i m a t e d number o f pe r sons p e r v e h i c l e 

p i c k e d from a g r a p h i c a l e x t e n s i o n o f the pas t t r end o f the ca rve 

o f pe r sons per v e h i c l e . Though t h i s p r o c e d u r e was more r e l i a b l e 

than the s imple e x t e n s i o n o f tne r e g i s t r a t i o n curve i t a l s o was 

s u b j e c t t o c o n s i d e r a b l e e r r o r when employed b e f o r e the ca rve o f 

pe rsons per v e h i c l e had reached a d e f i n i t e i n f l e c t i o n . 

S h o r t l y b e f o r e 1 ^ 3 0 , tne curve o f pe r sons p e r v e h i c l e f o r 

the e n t i r e Un i t ed S t a t e s snowed a d e f i n i t e tendency t o f l a t t e n out 

a t be tween 5 and U perbons pe r v e h i c l e , and most o f the e s t i m a t e s 

that have r e c e n t l y been made f o r the e n t i r e coun t ry have been based 

upon an a p p l i c a t i o n t o p r e d i c t e d fu ture p o p u l a t i o n o f a r a t i o 

approx ima t ing the l o w e r f i r ~ure , 

Tnere i s e v i d e n c e o the r than the r e c e n t g r a p h i c a l form o f the 

p e r s o n s - p e r - v e h i c l e curve t o suppor t the c o n e l u s i o n that the assump­

t i o n s o f r e c e n t f o r e c a s t s are a p p r o x i m a t e l y c o r r e c t , some o f which i s 

p r e s e n t e d i n g r a p h i c a l form i n F igure 1 . 

Cne o f tne cu rves shown in t h i s f i g u r e (Carve 0) r e p r e s e n t s 

the past t r end o f p e r s o n s p e r motor v e h i c l e o p e r a t i n g up t o the 

y e a r 1 9 3 2 * I t w i l l be seen that the v a l u e o f t h i s r a t i o f i r s t p a s s e d 
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be low 5 between 1 9 2 7 a r i d 1923 and r e a d i e d in 1 9 2 9 a low p o i n t o f 

a p p r o x i m a t e l y ^ , 5 from which i t r e t r e a t e d dur ing the d e p r e s s i o n t o 

a l i t t l e o v e r 5 » 1 ^ 3 3 tne downward t r end was resumed and by 

1937 and 193S had reached a new low a t about U.25- The form o f 

the curve a l o n e i n d i c a t e s the p r o b a o i l i t y that i t s fu tu re e x t e n s i o n 

w i l l drop l i t t l e i f at a l l Delow tne v a l u e o f 4 ; and i n some o f the 

o the r cu rves shown the re i s s t r o n g suppor t f o r such an assumpt ion . 

P a r t i c u l a r l y c o n v i n c i n g e v i d e n c e o f t h i s p r o b a b i l i t y i s 

s u p p l i e d by two pa i r s o f c u r v e s , one o f which compares the r a t i o s 

o f Pe r sons p e r l.lotor V e h i c l e Consumed and Persons p e r Motor V e n i c l e 

S o l d in tne Domest ic y.arket , and the o t h e r o f which compares r a t i o s 

o f Income p e r Hot o r ^ e . A e l e Consumed and Income p e r ;,{otor V e h i c l e 

S o l d i n the Domest ic Market , A v e h i c l e consumed, as the term i s here 

used , i s a v e h i c l e that has r ^ a c . e d the end o f i t s l i f e and pas se s 

c o m p l e t e l y cu t o f u s e , p o s s i b l y a f t e r s u c c e s s i v e p o s s e s s i o n by 

s e v e r a l owners . The income r e f e r r e d to i s the t o t a l a c c o u n t a b l e 

r e a l i z e d income o f the Uni ted S t a t e s , as e s t i m a t e d by the N a t i o n a l 

I n d u s t r i a l j o n f e r e n c e Board. Ctxier terms used in the d e s c r i p t i o n 

o f the cu rves w i l l be s u f f i c i e n t l y c l e a r w i t n o u t d e f i n i t i o n . 

I f we r e f e r f i r s t to tne p a i r o f cu rves comparing pe r sons p e r 

v e h i c l e consumed and s o l d , i t w i l l ce seen tha t the r a t i o o f v e h i c l e s 

s o l d , was a t a l l t imes w e l l oelow the r a t i o o f v e h i c l e s consumed from 



the l a t e JO's o f the l a s t c e n t u r y u n t i l 1930. This means that 

throughout tha t e n t i r e p e r i o d o f more than 3^ y e a r s v e h i c l e s were 

b e i n g s o l d a t a f a s t e r r a t e than o t n e r v e h i c l e s were p a s s i n g out 

o f 'use, and c o n s e q u e n t l y the number o f v e h i c l e s i n o p e r a t i o n , i . e . , 

the r e g i s t r a t i o n was s t e a d i l y i n c r e a s i n g , a l l the w h i l e f i l l i n g the 

r e s e r v o i r o f demand w i t h an a g g r e g a t e o f new and used v e h i c l e s . In 

1931i f ° r the f i r s t time the curve o f v e h i c l e s s o l d p a s s e d above 

the curve o f v e h i c l e s consumed, and remained above i t u n t i l 193^i 

when r e v i v a l 0 1 demand aga in caused i t t o r e c r o s s and remain be low 

the consumpt ion curve u n t i l 193& when i t c r o s s e d back a g a i n . This 

c o u r s e o f the two cu rves dur ing the 3 ^ ' s i s s t r o n g i n d i c a t i o n o f the 

approach t o a c o n d i t i o n o f the market i n which i t w i l l be n e c e s s a r y 

to f o r c e an o l d v e h i c l e out o f use b e f o r e i t w i l l be p o s s i b l e to 

s e l l a new v e h i c l e , and t n i s i s the c o n d i t i o n t y p i c a l o f a s a t u r a t e d 

market . H e n c e f o r t h i t may be e x p e c t e d tha t the c y c l i c a l c r o s s i n g 

and r e c r o s s i n g o f the two cu rves w i l l c o n t i n u e and t h e i r g e n e r a l 

t rends w i l l be i d e n t i c a l ; and i f t h i s p roves t o be the c a s e the re 

w i l l be fu tu re i n c r e a s e i n r e g i s t r a t i o n o f motor v e h i c l e s on ly as 

i n c r e a s e o f tne p o p u l a t i o n p r o v i d e s new p o t e n t i a l b u y e r s . 

In the r e l a t i v e c o u r s e s o f the p a i r o f cu rves r e p r e s e n t i n g 

r a t i o s o f r e a l i z e d n a t i o n a l income t o v e h i c l e s consumed and s o l d 

there are e x a c t l y s i m i l a r i n d i c a t i o n s ; and here we perhaps r e a c h 

the r o o t cause o f tne apparent approach t o an e q u a l i z a t i o n o f the 



r a t e s o f v e h i c l e s s o l d and consumed, A S i t i s money tha t makes 

tne mare g o , so i t i s a l s o tne same n e c e s s a r y p u r c h a s i n g medium 

that makes tne motor v e h i c l e g o , and t he re a re d e f i n i t e i n d i c a t i o n s 

that the e x p e n d i t u r e f o r ownership and o p e r a t i o n o f motor v e h i c l e s 

i s a p p r o a c h i n g a l e v e l , e x p r e s s e d i n p e r c e n t a g e o f the t o t a l 

r e a l i z e d income ox the c o u n t r y , aoove which i t i s no t l i k e l y t o 

r i s e . I n d i c a t i o n that t h i s i s t rue w i l l be found in f i g u r e 2 , hut 

b e f o r e d i s c u s s i n g that f i g u r e i t i s d e s i r a b l e to d i r e c t a t t e n t i o n 

b r i e f l y t o the r e g a i n i n g curves o f f i g u r e 1 , a l l o f w h i c h bea r out 

the curves p r e v i o u s l y d i s c u s s e d i n t h e i r i n d i c a t i o n s o f a p r e s e n t 

near app roach t o d e f i n i t e l i m i t s upon the fu tu re g rowth o f motor 

v e h i c l e r e g i s t r a t i o n and uae . p a r t i c u l a r r e f e r e n c e i s made to the 

curve o f motor f u e l consumpt ion p e r v e h i c l e , which i n 1 9 3 & s t o o d 

at a p p r o x i m a t e l y b^O g a l l o n s pe r v e n i c l e . The Amer ican Pe t ro l eum 

I n s t i t u t e , e s t i m a t i n g from 1 9 3 5 » f o r e c a s t an i n c r e a s e to 7 3 0 g a l l o n s 

i n I9I+G, p a r t l y due t o tne i n c r e a s e i n t r u c k s ; a f t e r w h i c h , because 

o f the t r ends toward l i g h t e r ca r s and changes i n eng ine d e s i g n , i t 

e x p e c t e d a c o n t i n u i n g r e d u c t i o n t o c r i n g the requi rement down to S 7 0 

g a l l o n s i n lQoO. Whether the e x p e c t e d d e c l i n e i s r e a l i z e d o r no t i t 

i s prooa"^le that no important i n c r e a s e w i l l o c c u r a f t e r 19 ^ - C and no 

i n c r e a s e a t a l l , e x c e p t as i t may be o c c a s i o n e d by the g r e a t e r 

r e l a t i v e o p e r a t i o n o f motor t rucks and "busses. 
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Turning now t o f i g u r e 2 , we can see i n the cu rves there 

p r e s e n t e d the fundamental r eason Dack o f tne apparent approach t o 

l i m i t s o f motor v e h i c l e r e g i s t r a t i o n and use that i s i n d i c a t e d i n 

a l l tne o t h e r cu rves d i s c u s s e d . Crd ina tes o f the two cu rves i n 

t h i s f i g u r e r e p r e s e n t the t o t a l expense o f ownership and o p e r a t i o n 

o f inotor v e h i c l e s and the expense o f o p e r a t i o n o n l y e x p r e s s e d as 

p e r c e n t a g e s o f the n a t i o n a l income "by y e a r s from IS^o t o 1938 . 

S i m i l a r l y e x p r e s s e d , the p o r t i o n s of annual o r d i n a t e s i n t e r c e p t e d 

between the two curves r e p r e s e n t the expense o f ownersh ip e x c l u s i v e 

o f o p e r a t i o n o f tne v e h i c l e s . 

In p a s s i n g , i t i s o f i n t e r e s t t o n o t e , w i t h p a r t i c u l a r 

r e f e r e n c e t o i t s e f f e c t on highway t r a f f i c , the f a c t that the ups 

and downs o f v e n i c l e o p e r a t i n g e x p e n d i t u r e a re by no means as marked 

as those o f the t o t a l e x p e n d i t u r e , imply ing that e n f o r c e d r e d u c t i o n s 

in t o t a l e x p e n d i t u r e a re abso rbed i n r e d u c t i o n o f the e x p e n d i t u r e 

f o r ownersh ip ( i . e . , a v o i d a n c e of the purcnase o f new v e h i c l e s ) 

w i t h o u t g r e a t l y a f f e c t i n g tne e x p e n d i t u r e f o r o p e r a t i o n o f v e h i c l e s , 

which i s e x p r e s s i v e o f the amount o f t r a v e l . This i n d i c a t i o n , most 

marked i n the e a r l y y e a r s o f tne d e p r e s s i o n , ag rees w i th o o s e r v a t i o n s 

o f the remarkable p e r s i s t e n c e o f motor v e n i c l e "usage i n the f a c e o f 

hard t imes which was a matter o f common n o t i c e a t the t i m e . 

In the g e n e r a l t r end o f these f l u c t u a t i n g c u r v e s there i s 

d e f i n i t e i n d i c a t i o n that the time i s not f a r d i s t a n t when the 

p e r c e n t a g e o f tne n a t i o n a l income tha t w i l l be expended f o r the 
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ownership and o p e r a t i o n o f motor v e h i c l e s w i l l have r eached a 

maximum l e v e l . In 1937 the t o t a l expend i tu r e r e a d i e d an a l l - t i m e 

h igh o f 11 p e r c e n t o f the t o t a l n a t i o n a l income, d r o p p i n g in the 

f o l l o w i n g y e a r to l i t t l e more tnan g p e r c e n t . The s e v e r a l h o r i z o n t a l 

l i n e s drawn through the cu rves r e p r e s e n t the ave rage p e r c e n t a g e s f o r 

l l - y s a r p l a t e a u p e r i o d s ; and i t w i l l be n o t e d that the average t o t a l 

e x p e n d i t u r e f o r the 11 y e a r s from 1922 t o 193^, i n c l u s i v e was n e a r l y 

9 p e r c e n t o f the t o t a l n a t i o n a l income . S i m i l a r h o r i z o n t a l l i n e s 

shown f o r the p l a t e a u p e r i o d 1939 t o 19^9 i n d i c a t e our b e l i e f that 

i n that p e r i o d t o t a l motor v e h i c l e e x p e n d i t u r e w i l l r e a c h a maximum 

a v e r a g i n g 10 p e r c e n t o f the n a t i o n a l income f o r the p e r i o d , w i th 

s l i g h t d e c l i n e i n the f o l l o w i n g p e r i o d , e x t e n d i n g from 1950 t o ltyoQ, 

i n c l u s i v e . I t w i l l be n o t e d t ha t , w h i l e we e x p e c t a s l i g h t d e c l i n e 

i n t o t a l e x p e n d i t u r e we a n t i c i p a t e a s l i g h t i n c r e a s e i n the expense 

o f v e h i c l e o p e r a t i o n and consequen t road usage . 

In the l i g h t o f a l l tne a v a i l a b l e e v i d e n c e we have c o n s i d e r e d 

i t r e a s o n a o l e to assume tha t fu tu re growth o f motor v e h i c l e r e g i s t r a ­

t i o n o v e r the 20 y e a r s between I9U0 and 190O w i l l a p p r o x i m a t e l y 

p a r a l l e l the i n c r e a s e o f p o p u l a t i o n , w i t h a r a t i o o f app rox ima te ly 

k p e r sons f o r each motor v e h i c l e , i n c l u d i n g a l l c l a s s e s o f v e h i c l e s . 

On the b a s i s o f t h i s assumpt ion we can e s t i m a t e the fu tu re 

r e g i s t r a t i o n o f v e h i c l e s i f we can d e c i d e upon a r e a s o n a b l e p r e d i c t i o n 

o f p o p u l a t i o n g rowth . The ra te o f f u tu r e p o p u l a t i o n growth depends 



- 1 2 -

upon a number o f f a c t o r s , none o f whicn can be c e r t a i n l y e v a l u a t e d , 

and f o r t h i s r eason e s t ima tes o f fu tu re p o p u l a t i o n va ry r a t h e r 

w i d e l y . In the e x c e l l e n t work on p o p u l a t i o n Trends in the Un i t ed 

S t a t e s , by Tr'arren S. Thompson and P. K. YTnelpton, p u b l i s h e d under 

tne d i r e c t i o n o f the P r e s i d e n t ' s Resea rch Committee on S o c i a l 

Trends , i n 1933. the au thors p re sen t a number o f e s t i m a t e s v a r y i n g 

a c c o r d i n g t o c e r t a i n assumed t rends o f ne t immig ra t i on , s p e c i f i c 

b i r t h r a t e s and e x p e c t a t i o n o f l i f e . These e s t i m a t e s by 5-year 

p e r i o d s from T93Q t 0 IJoO a r e p r e s e n t e d in the a t t a c h e d t a b l e . 

I t i s p r a c t i c a l l y c e r t a i n that the p o p u l a t i o n o f the fu tu re 

w i l l be s m a l l e r tnan the f i g u r e s g i v e n in Columns I or J o f t h i s 

t a o l e , and q u i t e p r o v a b l e that i t w i l l be l a r g e r than t h o s e in 

Columns JA. o r 3 . We have a c c e p t e d the c o n c l u s i o n o f Thompson and 

Whel^ ton that tne c o u r s e f o l l o w e d may be more l i k e that o f Column E, 

than any o t h e r . These a re the f i g u r e s c o r r e s p o n d i n g t o the assump­

t i o n s o f "medium" b i r t h r a t e s , e x p e c t a t i o n o f l i f e , and immigra t ion ; 

and tney i n d i c a t e , f o r T^Uo, lyyd, and l y o O , t o t a l U. S. p o p u l a t i o n s 

o f I 3 3 . I , 1 U 2 . 9 , and l h p . o m i l l i o n p e r s o n s r e s p e c t i v e l y . A p p l y i n g 

to these f i g u r e s t^e r a t i o o f 4 pe r sons p e r motor v e h i c l e the re 

r e s u l t e s t i m a t e s o f motor v e h i c l e r e g i s t r a t i o n in 1 9 ^ 0 » 1 9 5 ^ » a r i { i 

I96O o f 33.3, 35»7. and 37.U m i l l i o n v e h i c l e s r e s p e c t i v e l y . I t i s 

o e l i e v e d that these e s t ima tes a re as l a r g e as may be e x p e c t e d at 

the s e v e r a l p e r i o d s and t-iev are employed i n p r o j e c t i n g the t r end 
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o f p a s t motor v e h i c l e r e g i s t r a t i o n , as 3urve A in f i g u r e 3« For 

purposes o f compar i son , tne t rends e s t i m a t e d 'ay K e t t e r i n g , S c o v i l l e , 

and the A m e r i c a n Pe t ro leum I n s t i t u t e a re a l s o shown i n the same 

f i g u r e . I t w i l l be n o t e d that Curve A a g r e e s wi th the 195^ f o r e c a s t 

"by S c o v i l l e and i s s l i g h t l y h i g h e r than the e s t i m a t e s f o r 1^60 by 

K e t t e r i n g and the A m e r i c a n Pe t ro l eum I n s t i t u t e . 

Prom the curves p r e s e n t e d in t h i s f i g u r e i t w i l l be apparent 

how f a r the p r o c e s s o f motor v e h i c l e growth has p r o c e e d e d i n t o the 

s t a t e o f ma tu r i ty r e f e r r e d t o in y e s t e r d a y ' s l e c t u r e ; and as I then 

s a i d the re i s i n d i c a t i o n tnat the turn toward t h i s s t a t e was a l r e a d y 

s e t t i n g i n as f a r uack as 1929 or 193C. 

Tne t rends i n d i c a t e d in f i g u r e s 1, 2 , and 3i a re f o r tne Uni ted 

S ta t e s as a w h o l e . In the c o r r e s p o n d i n g tz'ends f o r tne s e v e r a l S t a t e s 

we may e x p e c t a r a t h e r wide range o f v a r i a t i o n ; and the i n f o r m a t i o n 

a v a i l a b l e does not u s u a l l y permit d e c i s i o n s t o be made i n the S ta t e s 

w i t h as h i g h a p r o b a b i l i t y o f a c c u r a c y as we may c o n s i d e r t o e x i s t 

i n the n a t i o n a l t r e n d s . N e v e r t h e l e s s , i t i s d e s i r a o l e in every S t a t e 

to under take tne d e t e r m i n a t i o n o f t rends f o r the S t a t e s i m i l a r t o 

t h o s e w i t h r e s p e c t to motor v e h i c l e r e g i s t r a t i o n and g a s o l i n e consump­

t i o n that have been here d i s c u s s e d f o r the whole U n i t e d S t a t e s ; and 

t h i s unde r t ak ing i s now p r o c e e d i n g w i t h q u i t e s a t i s f a c t o r y r e s u l t s i n 

S ta t e a f t e r S t a t e , employ ing tne same methods tha t were used in 

de t e rmin ing the n a t i o n a l t rends and the b e s t i n f o r m a t i o n a v a i l a b l e in 
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each S t a t e . This i s an e s s e n t i a l and h i g h l y impor tant p r o c e s s o f 

the S t a t e - w i d e highway p l ann ing s u r v e y s , f o r upon i t depends in 

l a r g e measure the a p p l i c a t i o n o f o t h e r o b s e r v a t i o n s o f the surveys 

t o the development o f tne fu ture highway program i n v i r t u a l l y a l l 

i t s p h a s e s . I t i s p a r t i c u l a r l y impor tant as a o a s i s f o r d e c i s i o n s 

i n r e s p e c t t o the d e s i g n and c a p a c i t y o f the highways and t h e i r 

s t r u c t u r e s f o r d e c i s i o n s i n r e s p e c t t o r e a u i r e d and s u p p o r t a b l e 

highway c o s t s , and f o r o t h e r d e c i s i o n s in r e s p e c t to n e c e s s a r y and 

e q u i t a c l e r a t e s o f high..-ay t a x a t i o n and t n e i r y i e l d s . Jo r a l l o f 

these purposes tne e s t ima te s o f fu tu re v e h i c l e r e g i s t r a t i o n need 

t o be c l a s s i f i e d t o the ex ten t p r a c t i c a b l e i n t o numbers o f passenger 

c a r s , b u s s e s , and t r a c k s , and the l a t t e r , i n such d e t a i l as p o s s i b l e , 

i n t o c l a s s e s o f v a r i o u s s i z e s o f s i n g l e v e h i c l e s and t r a i l e r and 

s e m i t r a i l e r c o m c m a t i o n s . In t h i s c o n n e c t i o n i t must be s a i d tha t 

the t a sk o f d e v e l o p i n g u s e f u l f o r e c a s t s i n most S t a t e s i s rendered 

p a r t i c u l a r l y d i f f i c o . l t oy reason o f the c l a s s i f i c a t i o n inadequacy , 

and l a c k o f r a t i o n a l i t y and c o n t i n u i t y o f tne r e g i s t r a t i o n r e c o r d s 

o f the t rucks and b a s s e s . 

In a d d i t i o n to t h t s e r e a s o n s , a s s o c i a t e d >vith the inadequacy 

o f pas t r e c o r d s o f t rucks and c a s s e s , tne f o r e c a s t i n g o f fu ture 

r e g i s t r a t i o n o f these c a s ses o f v e h i c l e s i s r e h i r e d more d i f f i -

c a l t than the f o r e c a s t i n g o f passenger c a r r e g i s t r a t i o n s oy the 

http://diffico.lt
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f a c t tha t the growth i n use o f tuese v e h i c l e s has not y e t p r o c e e d e d 

as f a r toward i t s u l t i m a t e u n i t s as has the growth o f p a s s e n g e r 

c a r u s e . This c i r cums tance and the f a c t that the usage o f t rucks 

depends t o such l a r g e degree upon the fu tu re g rowtu and d i s t r i b u t i o n 

o f b u s i n e s s and i n d u s t r y , makes the f o r e c a s t i n g o f t r u c k r e g i s t r a ­

t i o n s p a r t i c u l a r l y d i f f i c u l t . Aoout a l l tha t we can be sure o f i s 

that the r a t e o f growth in b o t h t r u c k and bus r e g i s t r a t i o n s i s c e r ­

t a i n t o be f o r some y e a r s more r ap id than the growth o f passenger 

c a r r e g i s t r a t i o n . 

In the curves f o r the Uni ted S t a t e s , p r e s e n t e d i n f i g u r e s 1 , 

2, and 3> the v a r i o u s t rend l i n e s r e p r e s e n t changes i n the r e g i s ­

t r a t i o n and use o f a l l motor v e h i c l e s t o g e t h e r . Ti'hile these are 

adequate as a has i s f o r g e n e r a l d i s c u s s i o n , the s t u d i e s made f o r 

the purpose o f a c t u a l f o r e c a s t i n g : i n tne s e v e r a l S t a t e s are d e a l ­

i ng s e p a r a t e l y w i t h the v a r i o u s c l a s s e s o f v e h i c l e s and a t t e m p t i n g , 

by such i n d i c a t i o n s as are a v a i l a b l e , to f o r e c a s t s e p a r a t e l y the 

fu tu re numbers and use o f each c l a s s o f v e h i c l e s . 

For the e s t i m a t i o n o f fu tu re revenue to oe d e r i v e d from 

the t a x a t i o n o f motor v e h i c l e s ana motor f u e l the e s t i m a t e s thus 

made p r o v i d e the n e c e s s a r y b a s i s . They do n o t , however , supo ly a 

s u f f i c i e n t Das i s f o r the e s t i m a t i o n o f t r a f f i c on p a r t i c u l a r r o a d s , 

and cannot be d i r e c t l y used t o r a i s e the o b s e r v e d o r e sen t t r a f f i c 

volume on any road t c i t s p r o b a b l e fu tu re vo lume. 
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I t i s no t even c e r t a i n that t r a f f i c as a sum t o t a l w i l l 

i n c r e a s e i n p r o p o r t i o n e i t h e r t o the number o f v e h i c l e s r e g i s t e r e d 

o r t o the g a l l o n a g e o f g a s o l i n e consumed. The l a r g e r number o f 

v e h i c l e s e x p e c t e d i n the fu ture may be used more o r l e s s than the 

v e h i c l e s in p r e s e n t u s e . The g a s o l i n e consumpt ion o f the fu tu re 

may be u s e d more e f f i c i e n t l y than the p r e s e n t consumpt ion and so 

p roduce more m i l e s c e r g a l l o n . A I S O , as has been remarked, the 

r e l a t i v e l y g r e a t e r i n c r e a s e i n t rucks and b u s s e s , w i t h t h e i r 

l a r g e r f u e l consumpt ions pe r m i l e , w i l l tend t o l e v e r the average 

r a t i o . between mi l eage and g a s o l i n e consumpt ion , 

A S shown i n fig-are 1 , the pas t upward t r end o f motor f u e l 

consumpt ion p e r v e h i c l e pe r y e a r , f o r the Uni ted S t a t e s as a 

w h o l e , shows a t endency to f l a t t e n out a t a consumpt ion somewhat 

a c o v e 700 g a l l o n s . Tne pas t i n c r e a s e has c o i n c i d e d w i t h a s u b ­

s t a n t i a l i n c r e a s e i n the annual mi l eage use o f v e h i c l e s , and a 

c e s s a t i o n o f the i n c r e a s e i n consumpt ion might i n d i c a t e a 

s i m i l a r h a l t in the i n c r e a s e o f v e h i c l e - m i l e a g e , but t h i s would 

not n e c e s s a r i l y f o l l o w . 3y cnanges i n the d e s i g n o f motor 

v e h i c l e s the f u r t h e r r i s e o f annual f u e l consumpt ion p e r v e h i c l e 

might be h a l t e d or even turned i n t o a d e c l i n e , as the American 

Pe t ro l eum I n s t i t u t e a n t i c i p a t e d i n 1935. w i thou t c o r r e s p o n d i n g 

e f f e c t upon the aiinoal mi leage use o f the v e h i c l e s . 

In the approach t o a l i m i t upon the p e r c e n t a g e o f the 

n a t i o n a l income expended f o r ownership and o p e r a t i o n o f motor 

v e h i c l e s , p r e v i o u s l y d i s c u s s e d , t h e r e . i s a d e f i n i t e i n c e n t i v e 
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t o manufacturers o f v e h i c l e s , by d e s i g n changes , to reduce f u e l c o n ­

sumption and o tne r o p e r a t i n g c o s t s o f v e h i c l e s as much as p o s s i b l e 

i n o rde r to make a v a i l a b l e f o r the purchase o f v e h i c l e s a l a r g e r 

pa r t o f the t o t a l expended f o r ownership and o p e r a t i o n . But whether 

such changes i n the e f f i c i e n c y o f o p e r a t i o n would a c t u a l l y i n c r e a s e 

the amount o f v e h i c l e use would depend upon p o s s i b l e changes in the 

u n i t p r i c e o f f u e l and the speed o f v e h i c l e s . Both o f these f a c t o r s 

have u n o u e s t i o n a b l y i n f l u e n c e d the c o n s i d e r a b l e pa s t i n c r e a s e i n 

the usage o f v e h i c l e s . I t i s today p o s s i b l e to t r a v e l f u r t h e r a t 

the same c o s t and a l s o f u r t h e r in the same time than i t f o r m e r l y 

was, and b o t h o f these i n c e n t i v e s combine to induce g r e a t e r t r a v e l , 

A s i m i l a r combina t ion o f i n c e n t i v e s , by the fu r the r r e d u c t i o n o f 

the c o s t and time o f t r a v e l , would d o u b t l e s s c o n t r i b u t e t o the 

s t i l l g r e a t e r use o f v e h i c l e s in the f u t u r e , but i f e i t h e r the 

time o r c o s t advantage were l a c k i n g such g r e a t e r use might be p r e ­

v e n t e d by the i n a b i l i t y o f owners to s c a r e e i t h e r tne g r e a t e r c o s t 

or the g r e a t e r t ime, as the ca se might b e , that would be r e q u i r e d 

f o r a more e x t e n s i v e o p e r a t i o n . 

I t w i l l be seen that these a u e s t i o n s are h i g h l y s p e c u l a t i v e 

and p r o t a b l y s u s c e p t i b l e to no v e r y c e r t a i n answers . Moreover , 

even i f i t were p o s s i b l e to f o r e c a s t w i th some c e r t a i n t y the e f f e c t s 

o f p r o b a b l e d e s i g n changes in v e h i c l e s o f a l l o r any c l a s s e s , the 

f a c t that f u e l t ax r e c o r d s , as they a re now k e p t , do not permi t a 

c l e a r d e t e r m i n a t i o n o f the consumpt ion o f f u e l by each c l a s s o f 



v e h i c l e s , would put s e r i o u s o o s t a c l e s in the vay o f an es t imate o f 

the v e h i c l e - m i l e a g e e o u i v a l e n t s o f changed t o t a l f u e l consumpt ion . 

C o n s i d e r a t i o n s such as t ne se s u g g e s t tnat, at l e a s t in the 

p r e s e n t s t a t e o f a v a i l a c l e i n f o r m a t i o n , i t i s not f e a s i b l e m a t e r i a l l y 

to improve the a c c u r a c y o f fu ture v e h i c l e - m i l e a g e est-imates by the 

f i n e s p i n n i n g o f t h e o r i e s o f the e f f e c t o f p o s s i b l e v e h i c l e d e s i g n 

changes , Tnis b e i n g t rue i t f e l l o w s tha t a computa t ion o f v e h i c l e -

mi l eage from es t ima ted fu ture t o t a l f u e l consumpt ions oy a p p l i c a t i o n 

o f the p r e s e n t l y de termined average m i l e s pe r g a l l o n cannot, be 

g r e a t l y improved w i t h i n the l i m i t s c f p r a c t i c a l i t y . P r a c t i c a l l y , 

then, the e s t ima te ox fu ture v e h i c l e - m i l e a g e v o u l d r e s u l t from 

m u l t i p l i c a t i o n o f the f o r e c a s t fu ture v e h i c l e r e g i s t r a t i o n by the 

e s t ima ted annual f u e l consumpt ion per v e h i c l e , and the m u l t i p l i c a t i o n 

o f t n i s p r o d u c t by an average v a l u e o f v e h i c l e - m i l e s per g a l l o n , 

Dased r e a s o n a o l y upon tne determined p re sen t v a l u e o f the l a t t e r 

rate , f i n a l l y , compar i son o f the fu tu re t o t a l v e h i c l e - m i l e a g e p e r 

year, thus computed, w i th the e s t ima ted p r e s e n t t o t a l based upon 

c u r r e n t t r a f f i c c o u n t s , w i l l de termine tne average ra te o f t r a f f i c 

growth i n tne fu ture p e r i o d . 

The r a t e o f growth thus e s t a o l i s n e d , however , cannot r ea son -

ab ly be a p p l i e d to the o b s e r v e d p r e s e n t t r a f f i c on any road t o form 

an e s t ima te o f the p r o o a c l e f a t :a*e t r a f f i c on the same road , because 

t r a f f i c does not i n c r e a s e a t a un i fo rm r a t e on a l l r o a d s . In 

g e n e r a l i t i s apparent that tne r a t e o f t r a f f i c growth i s g r e a t e r 



on pr imary roads than on s econda ry roada , Consequen t ly a r e a s o n a b l e 

es t ima te o f the fu tu re growth o f t r a f f i c on a l l s e c t i o n s o f a 

c o m p o s i t e system o f roads must de fend upon a d e t e r m i n a t i o n o f 

growth f a c t o r s a p p l i c a b l e t o the v a r i o u s o rde r o f roads in v a r i o u s 

l o c a l i t i e s w i t h i n the sys tem, that w i l l be b o t h c o n s i s t e n t w i t h 

ODserved pas t t rends on roads o f the r e s p e c t i v e o rde r s in the 

s e v e r a l l o c a l i t i e s and e. ua l in t h e i r we igh t ed ave rage t o the d e t e r ­

mined average r a t e o f t r a f f i c growth f o r the whole sys tem. 

F igure U snows how t r a f f i c i s p r e s e n t l y l i s t r i o u t e d over the 

e n t i r e r u r a l road systems o f the S ta t e s o f Iowa, Texas , and 

C a l i f o r n i a as de termined by tne hi-", hway p l a n n i n g su rveys o f those 

S t a t e s . I t w i l l oe ouse rved that in each S ta te a l a r g e pa r t o f 

the t o t a l v e h i c l e - m i l e a g e i s c o n c e n t r a t e d on u. smal l pa r t o f the 

m i l e a g e , and t^at the c o n c e n t r a t i o n i s g r e a t e r in C a l i f o r n i a than 

in Texas , and g r e a t e r i n Texas than i n Iowa, There i s r ea son t o 

b e l i e v e t ha t i n each S t a t e the p r e s e n t d i s t r i b u t i o n i s a s t a g e i n 

a development marked by an i n c r e a s i n g c o n c e n t r a t i o n o f t r a f f i c on 

the more impor tant pr imary h ighways . 

How t h i s p r o c e s s may have p r o c e e d e d i n the eas t and how i t 

may c o n t i n u e i n the fu ture in one o f t i .ese S ta t e s i s i n d i c a t e d i n 

f i g u r e 5 - l n tne beg inn ing tne t r a f f i c on a l l roads was p r o o a b l y 

w i t h i n narrow l i m i t s e q u a l . Tnis was s u b s t a n t i a l l y tne c o n d i t i o n 

tnat e x i s t e d b e f o r e the i n t r o d u c t i o n o f the motor v e h i c l e . A l l 
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roads were then , "by modern s t anda rds , l o c a l r o a d s ; a l l s e r v e d a 

t r a f f i c gene ra t ed a lmos t e x c l u s i v e l y i n t h e i r immediate l o c a l i t i e s 

and v a r i e d in the amount o f t h e i r usage o n l y as the d e n s i t y o f 

s e t t l e m e n t a l o n g them v a r i e d . Under these c o n d i t i o n s a cu rve 

d e f i n i n g the r e l a t i o n oetween cumula t ive mi l eage w i t h i n the system 

and the c o r r e s p o n d i n g cumula t ive v e h i c l e - m i l e a g e would approximate 

the s t r a i g h t dashed l i n e , marked I n i t i a l Uniform D i s t r i b u t i o n , prom 

t h i s i n i t i a l s t a t e the o b s e r v e d d i s t r i b u t i o n o f 1936 must nave 

d e v e l o p e d by a p r o c e s s p a s s i n g through s u c c e s s i v e s t a t e s such as 

are i n d i c a t e d by the curves marked w i t h tne dates 1^20 and 1925, 

and i f t h i s has "been the manner o f the pas t g rowth , i t i s p r o o a b l e 

that the same p r o c e s s w i l l c o n t i n u e i n the fu ture and produce i n 

i960 some sucn d i s t r i b u t i o n as i s i n d i c a t e d by tne cu rve marked 

w i t h t ha t d a t e . While t h i s i s a s p e c u l a t i v e c o n c l u s i o n that can­

not be p r o v e d Decause o f tne l a c k o f r e c o r d s o f t r a f f i c d i s t r i b u t i o n 

o v e r the whole highway system a n t e d a t i n g the p l a n n i n g s u r v e y s , i t 

i s a c o n c l u s i o n tnat seems c o n s i s t e n t w i t h a g e n e r a l h i s t o r i c a l 

knowledge o f the development o f roads and w i t h i n t ima te o c s e r v a t i o n 

o f p r e s e n t t r a f f i c t r e n d s . I f i t i s sound (and t he re i s l i t t l e 

doubt that i t i s a p p r o x i m a t e l y c o r r e c t ) i t i m p l i e s , as a g e n e r a l 

r u l e that a t any g i v e n time a f t e r the p r o c e s s o f c o n c e n t r a t i o n has 

begun the r a t e o f t r a f f i c growth i s g r e a t e s t on the roads o f g r e a t e s t 

d e v e l o p e d t r a f f i c and d e c r e a s e s a p p r o x i m a t e l y w i th the volume o f 

d e v e l o p e d t r a f f i c . 
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I x p r e s s e d i n g r a p h i c a l form t h i s theory o f t r a f f i c growth i s 

p r e s e n t e d i n f i g u r e f . The v a r i o u s cu rves i n t h i s f i g u r e have no 

c e r t a i n f a c t u a l b a s i s . They r e p r e s e n t the diagramming o f an i d e a 

and not a p l o t t i n g o f r e l a t i o n s h i p s o f e i t h e r p a r t i c u l a r o r g e n e r a l 

a p p l i c a t i o n , Tney are p r o b a b l y , however , q u i t e s i m i l a r in form t o 

curves tha t might be p r e c a r e d wherever o r whenever e s s e n t i a l da ta 

w i t h r ega rd to pa s t t r a f f i c growths a re a v a i l a b l e ; and i f such da ta 

are not now a v a i l a b l e tney s h o u l d be accumula ted by c o n t i n u i n g 

s t u d i e s o f t r a f f i c growth o f sucn c h a r a c t e r as w i l l supp ly them. 

The s i g n i f i c a n c e o f the t h e o r y may be i l l u s t r a t e d by compar­

ing the pa s t and fu ture t r a f f i c deve lopment on roads o f two w i d e l y 

d i f f e r e n t volume c l a s s e s as r e p r e s e n t e d in the t h e o r e t i c a l diagram 

of f i g u r e 6. A c c o r d i n g t o t n i s diagram a road , which i n 1£20 s e r v e d 

an ave rage d a i l y t r a f f i c o f a p p r o x i m a t e l y IOC v e h i c l e s had p robab ly 

d e v e l o p e d by 193 c a t r a f f i c o f UOO v e h i c l e s pe r day , and t n i s volume 

w i l l p r o c a b l y be i n c r e a s e d oy l i t t l e more tnan 1 5 p e r c e n t by 1 9^0, 

so tnat i t s t r a f f i c at tha t time w i l l s t i l l be l e s s than 5OC v e h i c l e s 

p e r day . Compared w i t h such a road , one which i n 1^20 s e r v e d an 

average d a i l y t r a f f i c volume o f 1 , 2 0 0 v e h i c l e s had p r o b a b l y d e v e l o p e d 

by 1 9 3 & a t r a f f i c o f 1 2 , 0 0 0 v e h i c l e s d a i l y and by i960 w i l l be c a r r y ­

ing SO p e r c e n t more, o r around 21,6C0 v e h i c l e s d a i l y . 

I t i s emphasized that the cu rves o f f i g u r e 6 and the examples 

c i t e d a re i n t ended f o r i l l u s t r a t i v e pu rposes on ly and are not ba sed , 

e x c e p t by g e n e r a l i n f e r e n c e upon any s p e c i f i c da ta ; but there i s 
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eve ry p r o b a b i l i t y tha t they r e p r e s e n t t y p i c a l l y the normal laws o f 

t r a f f i c g rowth , and they i l l u s t r a t e the importance o f o b t a i n i n g the 

da ta n e c e s s a r y f o r e s t a b l i s h m e n t o f such t rends i n e a c h S t a t e . Only 

when t h i s has been done w i l l i t be p o s s i b l e w i t h c o n f i d e n c e t o p r o ­

j e c t e s t ima te s o f fu tu re t r a f f i c g rowth on the v a r i o u s pa r t s o f the 

highway sys tem; and the n e c e s s i t y o f p r o j e c t i n g such r e l i a b l e e s t i ­

mates i s becoming s t e a d i l y more u rgen t as we approach the l i m i t s 

w i t h i n which we shou ld e v e n t u a l l y e s t a b l i s h a c o n s i s t e n t s t a t e o f 

improvement, 

The d e t e r m i n a t i o n o f f a c t o r s o f t r a f f i c growth a p p l i c a b l e t o 

p a r t i c u l a r s e c t i o n s o f road , i n one r e s p e c t , more impor tant than i t 

fo rmer ly was, because the t r a f f i c on some roads i s now approach ing 

the volume a t wh ich i t i s d e s i r a b l e t o i n c r e a s e the number o f l a n e s 

from two to f o u r , A c o n s i d e r a b l e mi l eage in most S t a t e s has a l r e a d y 

reached t h i s p o i n t , and the f u r t h e r growth o f t r a f f i c w i l l b r ing 

a d d i t i o n a l s e c t i o n s t o t h i s c r i t i c a l p o i n t o f deve lopmen t . I t i s 

d e s i r a b l e to a n t i c i p a t e t h i s change as much as p o s s i b l e in o r d e r 

tha t p r e p a r a t i o n s , such as the a c q u i s i t i o n o f a d d i t i o n a l r i g h t s o f 

way, may be made on the s e c t i o n s i n v o l v e d w e l l i n advance o f tne 

need . I t i s d e s i r a b l e to f o r e s e e i t s coming as fa r ahead as p o s s i b l e , 

a l s o , because o f the l a r g e l y i n c r e a s e d c o s t s that i t i n v o l v e s and 

the n e c e s s i t y o f p r o v i d i n g adeaua t e ly to meet such c o s t s as s c h e d u l e s 

o f t ax r a t e s are from time to time r e v i s e d . 



The making o f sucn f o r e c a s t s i m p l i e s an a b i l i t y t o do two 

t h i n g s ; ? i r s t , to e s t ima te w i t h some a c c u r a c y the fu ture volume o f 

t r a f f i c on p a r t i c u l a r road s e c t i o n s , and, s e c o n d , t o d e c i d e at what 

s tape o f volume i n c r e a s e in the p a r t i c u l a r s e c t i o n s the v i d e n i n g w i l l 

be r e q u i r e d . 

U n f o r t u n a t e l y tne volume o f t r a f f i c j u s t i f y i n g w iden ing i s 

not a f i x e d q u a n t i t y , out r a the r a v a r i a b l e depending noon the a l i g n - , 

ment and grades o f the road and tne speed o f t r a f f i c . This i s c l e a r l y 

i n d i c a t e d by t^e s t u d i e s o f p a s s i n g p r a c t i c e and highway c a p a c i t y 

made by the P u b l i c Roads A d m i n i s t r a t i o n dur ing tne l a s t two or th ree 

y e a r s . Tnese s t u a i e s make i t q u i t e c l e a r tnat there i s no sudden 

change in the freedom o f t r a f f i c f l ow w i t h i n c r e a s i n g d e n s i t y , to 

i n d i c a t e a p o i n t a t which tne road must be widened . They snow r a t h e r 

that the o p p o r t u n i t y f o r E .ass in-, and the i n d i v i d u a l c h o i c e o f speed 

i s g r a d u a l l y reduced u n t i l , i n the extreme c o n d i t i o n , each d r i v e r 

must g o v e r n h i s speed by tne speed o f the v e h i c l e ahead. Tnis u l t i ­

mate c o n d i t i o n and the v a r i o u s degrees o f r e s t r i c t i o n l e a d i n g up to 

i t a re r eached on 2-lane roads o f bad a l ignment and s h o r t s i g h t d i s ­

tance at l o w e r tra.fi i c volumes than on roads o f good a l i g n m e n t , 

because the r e s t r i c t i o n c f s i g h t d i s t a n c e adds i t s e f f e c t to the 

volume o f t r a f f i c as a p r e v e n t i v e o f f r e e p a s s i n g . 

S tud ie s made on tangent s e c t i o n s o f h ip /way in s e v e r a l pa r t s 

o f tne c o u n t r y i n d i c a t e that vner. the t r a f f i c volume r i s e s t o ^00 

v e h i c l e s pe r nour f200 i n each d i r e c t i o n ) more than 5 0 p e r c e n t o f 

http://tra.fi
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the t r a f f i c is affected t o some deg ree in i t s a b i l i t y to operate 

free ly at desired speeds. With a t r a f f i c o f 800 vehicles per hour 

(MDO in each direction) tne percentage affected r ises to 70; a n -d 

wi th a to ta l t r a f f i c o f 2,COO per hour (1.G0C in each direction) 

more than 9C percent o f the t r a f f i c is affected and a condition of 

v i r t u a l l y absolute congestion preva i l s . Just what percentage of 

the tota l t r a f f i c may be af fected without intolerable congestion 

has not been determined and is probably only r e l a t i v e l y determinable. 

Thus, a S t a t e possessed by l i b e r a l revenues might decide that the 

time for widening had arrived when only half o f the drivers on a 

road over considerable periods of time are made a*vare of tne e f fec t s 

of congestion. Another S t a t e , with less adequate funds, might of 

necess i ty set the cr i ter ion percentage higher. 

The studies thus far made indicate that there is o o s s i b i l i t y 

of undesirable congestion on some roads at average dai ly volumes of 

t ra f f i c much lower than the f ig ,res t na t nave previously teen assumed 

as cr i ter ion for widening. They show tha t there is p o s s i b i l i t y of 

such undesiracle congestion at any time a f ter the average volume 

reaches 2 ,000 vehicles dai ly; and e x c e p t where alignment l i e s on 

continuous tangent for long distances, tne studies indicate that 

i t would be desirable to investigate the ^articular conditions on 

a l l roads when they reach the t r a f f i c l eve l of 2 ,000 a day in 

order to determine the degree of congestion ex is t ing . For the 

purpose of sucn investigations the administration has now developed 
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vhat appear to be e n t i r e l y p r a c t i c a b l e ins t ruments and a s a t i s f a c t o r y 

t e c h n i q u e . I f by these means the degree o f c o n g e s t i o n p r e s e n t l y 

e x i s t i n g i s measured, the a p p l i c a t i o n o f f a c t o r s r e p r e s e n t a t i v e o f 

p r o b a b l e fu tu re i n c r e a s e o f volume v / i l l permi t an e s t i m a t e t o oe made 

o f the approx imate fu tu re date a t w h i c h the e f f e c t s o f c o n g e s t i o n \ i l l 

i n c r e a s e t o a p o i n t a t v h i c h widen ing w i l l Decome d e s i r a b l e . 

Cf the v a r i o u s c o n d i t i o n s tha t nave c o n t r i b u t e d t o i n c r e a s e 

the r a te o f o b s o l e s c e n c e o f highways p r e v i o u s l y c o n s t r u c t e d , none has 

been more i n f l u e n t i a l than the i n c r e a s e o f v e h i c l e s p e e d . Highways 

on which the cu rva tu re and s i £ , h t d i s t a n c e s were adequate f o r the 

speeds p r e v a i l i n g in the e a r l y twen t i e s are today i n many i n s t a n c e s 

inadequate o r p o s i t i v e l y dange rous . 

I t i s a mat ter o f common knowledge that the speed o f t r a f f i c 

on the roads has s u b s t a n t i a l l y i n c r e a s e d in the l a s t d e c a d e . 

U n f o r t u n a t e l y , i t i s not p o s s i b l e t o form a v e r y s a t i s f a c t o r y i d e a 

o f the e x t e n t o f the i n c r e a s e , hecause o f tne p a u c i t y o f dependable 

ODservat ions o f road speed in the e a r l i e r y e a r s , '<7e can form some 

i m p r e s s i o n from a rev iew o f the t r end o f l e g a l speed l i m i t s , but 

i t w i l l be a v e r y i n e x a c t one b e c a u s e , as eve ryone knows, such speed 

l i m i t s have always oee:: honored more in tne b r each than in the 

o b s e r v a n c e . 

An i n d e x that may be r ega rded as a measure o f the maximum 

l i m i t s o f v e h i c l e d e s i g n a t eve ry p e r i o d i s a f f o r d e d by the r e c o r d s 

o f the I n d i a n a p o l i s Memorial Day r a c e s . These r e c o r d s have been 
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e s t a b l i s h e d each y e a r s i n c e 1 ^ 1 1 , w i th tne e x c e p t i o n of tne war 

years 1^17 a n a lHl<?. As shown in f i g u r e ff they t r a c e a s t ead i ly -

r i s i n g curve that shows no i n d i c a t i o n o f f l a t t e n i n g even i n 1 ^ 3 2 . 

These r e c o r d s may be assumed to r e p r e s e n t tne speed c a p a c i t y o f 

au tomob i l e s e s p e c i a l l y d e s i g n e d f o r speed when o p e r a t e d under c o n d i ­

t i o n s e s p e c i a l l y advantageous f o r s p e e d , a l t hough they are o f c o u r s e 

very much below the m i l e r e c o r d speeds e s t a b l i s h e d under the i d e a l 

c o n d i t i o n s a v a i l a b l e a t the Great S a l t Lake and s i m i l a r l o c a t i o n s . 

However, a b e t t e r i n d i c a t i o n o f tne speed c a _ a c i t y o f a u t o ­

mob i l e s such as are o p e r a t e d on the p u b l i c highways i s fu rn i shed 

by the o f f i c i a l American s t o c k c a r r e c o r d s e s t a b l i s h e d under the 

s u p e r v i s i o n o f the .-American Au tomob i l e a s s o c i a t i o n . These r e c o r d s 

have Deen e s t a b l i s h e d i r r e g u l a r l y by s t o c k ca r s o f v a r i o u s makes 

s i n c e the l a t e r t w e n t i e s . Tney have been e s t a b l i s h e d f o r bo th 

open and c l o s e d c a r s , f o r h c l a s s e s o f horsepower as i n d i c a t e d by 

p i s t o n d i s p l a c e m e n t , and f o r v a r i o u s l e n g t h s o f run by v e h i c l e s o f 

the two body types and s e v e r a l p i s t o n d i sp l acemen t c l a s s e s . 

In f i g u r e 8 are shown the r e c o r d s as they have been e s t a b ­

l i s h e d f c r tne 5 - m i l t d i s t a n c e by c l o s e d ca rs o f p i s t o n d i sp lacemen t 

c l a s s e s £ , 3 , and C. por Class A — the c l a s s o f l a r g e s t p i s t o n 

d i s p l a c e , ent — there i s on ly one r e c o r d a t the 5 -mi l e d i s t a n c e , 

and that a r e c o r i e s t a b l i s h e d by a garmon l b in tne e a r l y t h i r t i e s , 

which i s not shown on tne d iagram. Unl ike the I n d i a n a p o l i s r e c o r d s , 

i t w i l l be n o t e d that these r e c o r d s form, f o r each c l a s s o f c a r s , 

a cu rve tha t shows a d e f i n i t e tendency t o l e v e l o f f i n r e c e n t y e a r s . 



In these l a t t e r c a rves tne re i s some i n d i c a t i o n that a l i m i t 

may be p l a c e d upon f u r t h e r i n c r e a s e o f v e h i c l e speed by v o l u n t a r y 

a c t i o n o f the manufac tu re r s . I f a l i m i t i s not so p l a c e d i t i s 

p r o v a b l e tha t i t has to be f i x e d by l aw , and f i x e d more p o s i t i v e l y 

than i t can be oy o rd ina ry road speed l i m i t s . T h i s , i t seems t o 

me, w i l l be n e c e s s a r y f o r two r e a s o n s : ? i r s t , because the r a t e o f 

highway o b s o l e s c e n c e , -unavoidably n i g h i n tne p i o n e e r p e r i o d through 

which we nave p a s s e d , v - i l l have to be reduced by a l l p o s s i b l e means 

in tne mature p e r i o d i n t o which we have now advanced; and t h i s w i l l 

not ce p o s s i b l e i f speeds are pe rmi t t ed c o n t i n u o u s l y t o o v e r l e u p the 

l i m i t s o f sa fe t" ' f o r roads as they a re des igned ana b u i l t . Such 

a l i m i t a t i o n v / i l l a l s o be n e c e s s a r y b e c a u s e there i s a tendency f o r 

the d i f f e r e n c e c^tw-^n maximum and minimum speeds o f v e h i c l e s on 

the road t o widen a lmost to the f u l l e x t e n t o f the i n c r e a s e in the 

maximum s p e e d , i , e . , miiurr.^ speeds do no t m a t e r i a l l y i n c r e a s e . 

This d i f f e r e n t i a l o f o^eeds i s one o f the most f r a i t f u l s o u r c e s o f 

a c c i d e n t hazard and cannot be pe rmi t t ed g r e a t l y to i n c r e a s e w i t h o u t 

s e r i o u s c o n s e q u e n c e s . 

I t c e r t a i n l y would not have been d e s i r a b l e t o impose d e f i n i t e 

r e s t r i c t i o n s upon t..e speed c a p a c i t y o f r.iotor v e h i c l e s in the e a r l y 

y e a r s o f t h e i r deve lopment . I L e l i e v e , nowevs r , t,.at the o b j e c t i o n 

t o such r e s t r i c t i o n no l o n g e r e x i s t s and that i t w i l l be n e c e s s a r y 

i n the near fu tu re to impose such d e f i n i t e l i m i t s upon the d e s i g n 

o f v e h i c l e s . I f t h i s i s done the f o r e c a s t i n g o f speed w i l l no 



l o n g e r p r e s e n t a p rob lem, and i n s t e a d o f that problem the re w i l l be 

s u b s t i t u t e d the n e c e s s i t y o f d e c i d i n g , in harmony w i t h a p u b l i c 

s p i r i t e d motor v e h i c l e i n d u s t r y , upon such maximum l i m i t s as w i l l 

be sa fe i n v iew o f the p r a c t i c a l l i m i t a t i o n s o f e c o n o m i c a l highway 

d e s i g n . 

In r e s p e c t to tne d imensions and we igh t s o f v e h i c l e s a some­

what s i m i l a r s i t u a t i o n e x i s t s . I t i s p o s s i b l e to d e s i g n roads 

c o n s i s t e n t l y w i th any f i x e d l i m i t s o f t he se v e h i c l e c h a r a c t e r i s t i c s . 

I t i s not p o s s i b l e to d e s i g n them, w i t h a s su rance o f r e a s o n a b l e 

economic l i f e , u n l e s s such v e h i c l e c h a r a c t e r i s t i c s are kep t w i t h i n 

some d e f i n e d 1 i m i t s , 

A l r e a d y t he re i s s u b s t a n t i a l agreement upon r a t h e r d e f i n i t e 

l i m i t s o f v e h i c l e width and h e i g h t , and upon maximum a x l e l o a d s , 

agreement embodied i n the laws and r a t h e r remarkably honored in 

o p e r a t i o n . The p r i n c i p a l remaining u n c e r t a i n t i e s a re those which 

e x i s t i n r e s p e c t t o t^.e l e n g t h s and g r o s s l o a d s o f v e h i c l e s and 

c o m b i n a t i o n s . In both r e s p e c t s the re i s s t i l l wide v a r i a t i o n i n 

the laws o f the s e v e r a l S t a t e s ; and in r e s p e c t to g r o s s weigh t tne re 

i s not o n l y the v i d e l e g a l d i f f e r e n c e , but a l s o a marked d i s c r e p a n c y 

between law and o p e r a t i n g p r a c t i c e . The l a t t e r i s p a r t i c u l a r l y 

n o t i c e a b l e in the case o f the t r a i l e r and s e m i t r a i l e r c o m b i n a t i o n s , 

and, in r e s p e c t to these c o m b i n a t i o n s , the most s e r i o u s p rob lem is 

p r e s e n t e d by the tendency t o o v e r l o a d beyond the power c a p a c i t y o f 

tne towing u n i t , Ti'hile t h i s does not o f t e n r e s u l t i n the 
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o v e r l o a d i n g o f road pavements , because o f the r a t h e r comple t e c o n ­

f o r m i t y t o a x l e l o a d l i m i t s , i t does impose e x c e s s i v e l o a d s on 

many e x i s t i n g b r i d g e s , and i t does o f t e n so reduce the speed o f 

such combina t i ons on tne s t e e p e r grades as t o cause an i n t o l e r a b l e 

o b s t r u c t i o n o f f a s t e r t r a f f i c . 

I t w i l l o r o o a o l y be n e c e s s a r y i n the immediate fu tu re t o 

impose e f f e c t i v e l i m i t s ujon these v e h i c l e c h a r a c t e r i s t i c s a l s o , 

l i m i t s wh ich w i l l be a p p l i e d i n the manufacture o f the v e h i c l e s 

and so c e r t i f i e d by the manufac turer ; and the r e c e n t p r o p o s a l o f 

the S o c i e t y o f Automot ive Engineers f a v o r i n g a s c a l e o f t a x a t i o n 

based upon the r a t i o o f ; , r o s s we igh t to engine ho r sepower i s 

s i g n i f i c a n t in t h i s c o n n e c t i o n . 

I f the maximum s p e e d , d i m e n s i o n s , and we igh t s o f v e h i c l e s 

can be thus d e f i n i t e l y f i x e d o;v lav; at l e a s t f o r p e r i o d s c o n s i s t e n t 

w i th the n e c e s s i t i e s o f an o r l e r l y and e c o n o m i c a l road program, the 

n e c e s s i t y o f approx imat ing such c r i t e r i a o f road d e s i g n by f o r e ­

c a s t i n g methods , w i l l be a v o i d e d , and the problems t o which such 

methods w i l l have to oe a p p l i e d w i l l reduce s u b s t a n t i a l l y t o those 

c o n c e r n e d wi th the numbers c f v e h i c l e s r e g i s t e r e d and in o p e r a t i o n , 

tne fu tu re f u e l consumption o f v e h i c l e s , and the i n c r e a s e o f t r a f f i c 

on p a r t i c u l a r road s e c t i o n s . The a b i l i t y t c d e a l s a t i s f a c t o r i l - w i th 

these problems w i l l ..naede us t o cope w i t h most o f the requ i rements 

o f a r a t i o n a l le te-rminat ion o f f i n a n c i a l and admini t r u . f i v e p o l i c i e s 

and a r a t i o n a l d e s i g n o f tne road s t r u c t u r e , I f e e l tuut s a t i s f a c t o r y 

techniou.es f o r such f o r e c a s t i n g p r o c e s s e s •«•• i l l r e s u l t s h o r t l y from 

the s tudy o f the l a r g e oody o f t r a f f i c f a c t s now f a s t becoming a v a i l ­

a b l e th rough tht highway planning s u r v e y s . 
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