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Highway user taxes act as p r i c e s f o r the use of h ighways , thus i n 
f l uenc ing the a l loca t ion of t r a f f i c ( and resources ) among the v a r i 
ous t r an spo r t a t i on agencies. A s s u m i n g that o p t i m a l use of the t r a n s 
p o r t a t i o n sys t em i s one of the a i m s of pub l ic p o l i c y , i t i s i m p o r t a n t 
that highway user tax ra tes be cons t ruc ted so as to f o s t e r a t ta inment 
of t h i s goa l . Al though t h i s c a l l s f o r a p r i c i n g o r m a r k e t approach to 
highway f inance , i t i s equal ly i m p o r t a n t to segregate, i d e n t i f y and 
a l l o w f o r those values ( i n d i r e c t benef i t s ) wh ich a re not r e f l e c t e d i n 
the m a r k e t choices of i n d i v i d u a l s . 

I t appears that the t r a d i t i o n a l a l l oca t i on of highway cost between 
u s e r s and non-use r s does not i n gene ra l represen t a response to i n 
d i r e c t bene f i t s . Rather , i t r e f l e c t s a d m i n i s t r a t i v e p r o b l e m s and 
c e r t a i n not ions about equi ty o r j u s t i c e . The t h e o r e t i c a l condi t ions 
under wh ich a non-user share i s app rop r i a t e may be spec i f i ed , but 
app l ica t ion of the theory r a i s e s d i f f i c u l t p r a c t i c a l p r o b l e m s . N o t 
wi ths tanding these p r a c t i c a l d i f f i c u l t i e s , i t seems c l ea r that the a l 
loca t ion of shares between u se r s and non-users should f o l l o w , not 
precede , the de t e rmina t i on of p r i c e s f o r highway use . M o r e o v e r , 
the non-user share should be s c r u t i n i z e d c a r e f u l l y , so that u se r ra tes 
a re not d i m i n i s h e d o r d i s t o r t e d by deductions f o r i n d i r e c t benef i t s 
w h i c h acc rue i n the f o r m of r en t s , w i n d f a l l s and su rp luses . Such i n 
d i r e c t benef i t s mus t be cons idered i n the l i gh t of gene ra l s tandards 
of tax equ i ty . 

Economica l l y e f f i c i e n t highway use r tax r a t e s t r u c t u r e s can be 
cons t ruc ted by adher ing to the economic p r i c e c r i t e r i o n : P r i c e 
should equal m a r g i n a l cos t . F o r an o p t i m a l l y u t i l i z e d h ighwayp lan t , 
" p r o g r a m cos t " i s a reasonable a p p r o x i m a t i o n of m a r g i n a l cos t . A n 
equal ly s a t i s f a c t o r y a p p r o x i m a t i o n f o r roads wh ich have excess ca
p a c i t y and low m a r g i n a l costs i s not ava i l ab le . However , such roads 
may be f i n a n c e d economica l ly t h r o u g h use of the " t w o - p a r t t a r i f f " . 
The t w o - p a r t t a r i f f combines a low p r i c e which v a r i e s w i t h use w i t h 
a l u m p sum tax wh ich does not v a r y w i t h use . 

To p r o v i d e p r a c t i c a l guideposts f o r app l ica t ion of the m a r g i n a l 
cost s tandard, highway design, p r i c e t heo ry and f i n a n c i a l a d m i n i s 
t r a t i o n may be i n t e r r e l a t e d and in t eg ra ted in to an opera t iona l f r a m e 
w o r k o r " m o d e l " . The c r u c i a l e lement i n es tabl i shment of the " m o d e l " 
i s the separa t ion of specia l o r i n c r e m e n t a l pavement cost f r o m common 
o r g e o m e t r i c des ign cos t . Speculation concern ing the i m p a c t of the 
f r a m e w o r k suggests the p o s s i b i l i t y of es tab l i sh ing the gasol ine tax r a t e 
so that gasol ine tax " ea rn ings" on the p r i m a r y roads cover p r i m a r y 
r o a d common cos t . A d d i t i o n a l o r i n c r e m e n t a l pavement cost may be 
r e c o v e r e d th rough the use of lump sum r e g i s t r a t i o n taxes o r weight 
dis tance t axes . L i g h t l y t r a v e l l e d roads may be f i nanced th rough the 
use of gasol ine tax " ea rn ings" supplemented by lump sum l icense taxes 
on l i g h t veh ic l e c lasses . The genera l conclus ion i s tha t i t i s poss ib le 
t o manage the highway f i n a n c i a l s t r u c t u r e i n the i n t e r e s t of economic 
e f f i c i e n c y wi thou t c r e a t i n g se r ious inequ i t i e s . 

• W I T H I N the past f e w yea r s the not ion that h ighways should be f i nanced "equ i t ab ly" 
has been supplemented by the v i e w tha t the highway user tax s t r u c t u r e should also 
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f o s t e r the economic u t i l i z a t i o n and development of the highway p lan t . Th i s change i n e m 
phasis i m p l i e s a p a r t i a l s h i f t f r o m theuse of e th ica l s tandards of tax equity to the use of m o r e 
o r less ob jec t ive standards of p r i c i n g i n the development of the highway f i n a n c i a l s t r u c t u r e . 
The a i m of t h i s paper i s to set f o r t h the r e l a t ionsh ips between p r i c e and t ax s tandards 
as they apply to highway f inance and to es tabl ish c r i t e r i a f o r the combina t ion of p r i c e s 
and taxes in to a comprehens ive sys tem of charges f o r the f i n a n c i n g of h ighways . 

A b s t r a c t economic theory has es tabl ished the p r i n c i p l e that , w i t h i n the l i m i t s of a 
g iven d i s t r i b u t i o n of income , m a x i m u m economic w e l f a r e i s approached when p roduc t ion 
and consumpt ion a re ad jus ted so that m a r g i n a l cos t and p r i c e become equal ( l ) . I f i n 
come r e d i s t r i b u t i o n i s not an e x p l i c i t a i m of the highway u s e r tax s t r u c t u r e , i t m i g h t be 
appropr ia t e to eschew benef i t and a b i l i t y - t o - p a y s tandards of t axa t ion ai^d to es tab l i sh 
highway use r taxes i n r e l a t i o n to a m a r g i n a l cost p r i c i n g s tandard . One of the i m p l i 
cat ions of a p r i c i n g o r " m a r k e t " approach i s the assumpt ion that the benef i t s o r u t i l i 
t i e s re levant to highway f inance acc rue , i n one f o r m o r another , d i r e c t l y to highway 
u s e r s . However , cons idera t ion of the i n d i r e c t o r so -ca l l ed non-user benef i t s wh ich 
accrue to v a r i o u s i nd iv idua l s may lead to a sys t em of taxa t ion based on the p r e m i s e 
that i nd iv idua l s should pay i n p r o p o r t i o n to " b e n e f i t s - r e c e i v e d " . Simultaneous a p p l i 
ca t ion of both p r i c e and tax standards may in t roduce c o n f l i c t in to the o v e r - a l l f i n a n c i a l 
s tructure—what i s pa id as a tax by the non-user does not have to be pa id as a p r i c e by 
the highway u s e r . The p o s s i b i l i t y of u n w a r r a n t e d subsidy to one group o r another i s 
obvious , h i o r d e r to an t ic ipa te t h i s p r o b l e m , the d i scuss ion begins w i t h a cons ide ra t ion 
of the t r a d i t i o n a l a l l oca t ion of cost between highway u s e r s and non-use r s . 

T H E NON-USER QUESTION 

A recent p r i c i n g p roposa l set f o r t h by Brownlee and H e l l e r demons t ra tes the v a l i d i t y 
of a p r i c i n g approach i n s o f a r as p r i m a r y o r " t r u n k " r o a d f inance i s concerned ( 2 ) . 
However , there have been objec t ions to t h i s p roposa l f r o m proponents of a u s e r - n o n -
use r a l loca t ion of highway cost who ma in t a in that the p r i c i n g p roposa l abs t rac t s the 
mos t d i f f i c u l t p a r t s of the problem—the r e l a t i onsh ip of i n d i r e c t o r soc ia l benef i t s to 
secondary road f inance ( J ) . Some p r o g r e s s i n the way of c l a r i f y i n g t h i s issue can be 
made by r ecogn iz ing e x p l i c i t l y that the a l loca t ion of a share of secondary r o a d cost to 
non-users i s m o r e a response to a d m i n i s t r a t i v e p r o b l e m s than to i n d i r e c t bene f i t s . 
R i c h a r d Ze t t e l ( J ) , among o the r s , has noted that p r o p e r t y taxes , spec ia l assessments 
and other f o r m s of revenue a re s i m p l y a c rude means of c o l l e c t i n g d i r e c t l y f r o m the 
highway u s e r that p o r t i o n of h i s highway b i l l that cannot be co l l ec t ed th rough the use of 
o r d i n a r y use r charges . The expendi ture of "gene ra l " o r non-user funds f o r highway 
purposes does not nece s s a r i l y i m p l y that highways y i e l d i n d i r e c t benef i t s n o r does i t 
i m p l y that highways ought to be f i nanced i n t e r m s of tax equi ty . M o r e o v e r , the a d m i n i s 
t r a t i v e p r o b l e m of c o l l e c t i n g f r o m the use r does not c a l l f o r an a l loca t ion of highway 
cost between u s e r s and so -ca l l ed non-use r s o r i n d i r e c t b e n e f i c i a r i e s . B a s i c a l l y , the 
cost a l l oca t i on i s among those who use the h ighway. 

Recogni t ion of the a d m i n i s t r a t i v e bas i s f o r non-user revenue sources does not r e 
solve the economic i ssues r a i s e d by v a l i d i n d i r e c t bene f i t s . In o r d e r to examine the 
economic basis of a non-user share, i t i s necessary to examine the condi t ions under 
which v a l u e - o f - s e r v i c e o r b e n e f i t s - r e c e i v e d a l loca t ions of cost a r e a p p r o p r i a t e . The re 
a re two such s i tua t ions : (a ) j o i n t cost o r supply and ( b ) j o i n t o r c o l l e c t i v e demand. 
Joint supply c rea tes a p r o b l e m of cost ass ignment because two o r m o r e p h y s i c a l p r o 
ducts emerge f r o m a s ingle app l ica t ion of r e s o u r c e s . Joint o r c o l l e c t i v e demand 
creates the p r o b l e m of d i s t r i b u t i n g the cost of a s ingle p roduc t (whose cost i s de t e r 
minate) among m o r e than one b e n e f i c i a r y . A n examinat ion of these two p o s s i b i l i t i e s 
may p r o v i d e the t h e o r e t i c a l s tandards f o r evaluat ing a l loca t ion of cost between u se r s 
and non-use r s . 

Joint Cost 

Joint cost a r i s e s when p roduc t s cannot be p roduced separa te ly . The c lass ic ex
ample i s the case of beef and hides; the re a re two d i s t i n c t p roduc t s whose separate 
costs a re i nde t e rm ina t e . I t appears to be se t t l ed that the " s o l u t i o n " i n such cases r e -
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qu i re s an a l loca t ion of t o t a l cost on the bas i s of the v a l u e - o f - s e r v i c e o r va lue - in -use 
of the separate p roduc t s (_5). Highways do c rea te some j o i n t p roduc t s , and t h i s m i g h t 
j u s t i f y an a l l o c a t i o n of cost to non-use r s o r genera l t axpaye r s . Highways crea te f i r e 
stops, openings f o r l i g h t and a i r and v a r i o u s o ther phys i ca l p roduc t s wh ich have v a l u e . 
These examples of jo in tness do not appear to weigh heav i ly i n the usual a l l oca t ion of 
cost to non-use r s . M o r e o v e r , the phys i ca l b y - p r o d u c t s of highway development do not 
appear to p l ay a s i gn i f i c an t r o l e i n dec is ions concern ing expansion and con t r ac t i on of 
the p lan t . On the whole , h ighways a re b u i l t f o r ac tua l o r po ten t i a l highway use and 
l i t t l e m o r e . I t appears tha t the p h y s i c a l b y - p r o d u c t s of highway development do not 
p r o v i d e an i m p o r t a n t bas i s f o r a non-user share . On the o ther hand, these e lements 
should be cons idered , e spec ia l ly when s t ree t p r o g r a m s a re a f f ec t ed by plans f o r m u n i c 
i p a l redevelopment . 

Jo in t Demand 

Jo in t demand a r i s e s when one i n d i v i d u a l gains o r r ece ives benef i t f r o m the consump
t i o n of another . Economis t s desc r ibe such phenomena as " e x t e r n a l e c o n o m i e s . " A 
pe r son who p rov ides f o r the p h y s i c a l p r o t e c t i o n of h i s own p r o p e r t y a lso p r o v i d e s i n 
d i r e c t l y f o r the p r o t e c t i o n of h i s ne ighbors ' p r o p e r t y . S i m i l a r l y , a f a r m to c i t y h i g h 
way wh ich i s cons t ruc ted and p a i d f o r by f a r m e r s i n d i r e c t l y benef i t s merchan t s , l a n d 
owners and o thers loca ted i n the c i t y . Al though the f a r m e r s w i l l use the road , o thers 
stand to benef i t f r o m that use . Since only f a r m e r s use the road , cos ts may be a l l o 
cated d i r e c t l y to f a r m e r s . The quest ion that a r i s e s re la tes to the c i r cums tances under 
w h i c h downtown merchan t s and o thers wou ld ( o r should) subsid ize the f a r m e r s ' use . 
In v i e w of the f a c t tha t downtown merchan t s r ece ive many and v a r i e d benef i t s , i t may 
seem " f a i r " that they share the r o a d b i l l . Th i s not ion of j u s t i c e , that i s , the benef i t 
t heory of t axa t ion , m i g h t l ead to an i n i t i a l a l l oca t i on of cost between use r s and non-
u s e r s . In addi t ion to being i n c o r r e c t t e chn i ca l l y , such an a l l oca t i on r e q u i r e s a c o n 
s iderab le amount of r e s e a r c h t i m e and cos t . A f a r be t te r approach wou ld r e q u i r e a t 
tent ion to these quest ions: (a) I s i t necessary to subsidize the u se r? (b ) Is i t " f a i r " 
tha t i n d i r e c t b e n e f i c i a r i e s shoulder a p a r t of the b i l l ? The f i r s t ques t ion can be e v a l u 
ated i n t e r m s of ob jec t ive s tandards; the second r e q u i r e s the adoption of a s tandard of 
j u s t i c e . 

SUBSIDY TO T H E USER 

F i g u r e s 1-3 depict the u se r -non -use r r e l a t ionsh ips r e l evan t to highway f i nance . In 
o r d e r to s i m p l i f y the p resen ta t ion , i t i s assumed that : ( a ) highway cost v a r i e s d i r e c t l y 
w i t h some u n i t , say v e h i c l e - m i l e s , (b ) there i s on ly one c lass of veh i c l e , ( c ) highway 
s e r v i c e i s p roduced under condi t ions of constant average and m a r g i n a l cos t . Another 
s i m p l i f i c a t i o n i s made by employ ing s t r a igh t l ines f o r the demand cu rves of i n d i v i d u a l s . 
These assumpt ions and s i m p l i f i c a t i o n s do not a f f e c t the gene ra l i t y of the g r a p h i c a l p r e 
senta t ion . Three s i tua t ions a r e presented: (a ) No i n d i r e c t benef i t s of highway use; 
( b ) I n d i r e c t benef i t s w h i c h r e q u i r e a non-user share , and ( c ) I n d i r e c t benef i t s which 
do not r e q u i r e a non-use r share . 

No I n d i r e c t Benef i t s 

In F i g u r e 1 the h o r i z o n t a l ax i s measures veh ic l e m i l e s , Mf. r epresen ts the p r i c e o r 
m a r g i n a l cos t , D ^ represen t s the demand of i n d i v i d u a l A f o r highway use . D ^ depicts 
the quant i t ies of veh ic le m i l e s that i n d i v i d u a l A w i l l purchase at each of a se r i e s of 
p r i c e s . I f t he r e i s no i n d i r e c t b e n e f i c i a r y , the charge i s P, and i n d i v i d u a l A pays the 
e n t i r e highway b i l l . The t o t a l payment made by A i s shown by the a rea OQRP. The 
p r o p e r p rocedu re , t o be d e s c r i b e d i n a subsequent sec t ion , r e q u i r e s t ha t u s e r t a x r a t e s 
be es tabl ished i n accordance w i t h m a r k e t o r p r i c e s tandards . 

I n d i r e c t B e n e f i t s Which Requi re a N o n - U s e r Share 

F i g u r e 2 r ep resen t s the s i tua t ion when i n d i v i d u a l B i s a non-user who r ece ives i n 
d i r e c t benef i t s because of i n d i v i d u a l A ' s use of the h ighway. I n d i v i d u a l B may represen t 
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a downtown merchant , r e a l estate p r o m o t e r o r some governmenta l agency wh ich has 
an i n t e r e s t i n encouraging highway use . I t i s i m p o r t a n t to note that i n d i r e c t benef i t s 
accrue to B only i f the highway i s used. The m e r e exis tence of a highway does not 
c rea te i n d i r e c t benef i t s , al though i t does crea te the j o i n t p roduc ts p r e v i o u s l y desc r ibed . 
Ind iv idua l B , the non-user who rece ives i n d i r e c t benef i t s , a lso has a demand f o r t r a v e l 
between the same two po in t s as i n d i v i d u a l A . A s a non-user , however , B does not use 
the road d i r e c t l y . The demand, D^^, of the non-user i s f o r A ' s d i r e c t use of the h i g h 
way . Both demands may be measured along the same h o r i z o n t a l ax i s because both de
mands r e l a t e to the same u n i t of s e r v i c e . F i g u r e 2 m i g h t r ep resen t the r e l a t i onsh ip 
between f a r m e r s and downtown bus inessmen. I f the c u r r e n t p r i c e i s P , and the i n d i v i 

duals do not ( o r cannot) take t h e i r i n t e r d e 
pendence in to account, A w i l l purchase Q 
veh ic l e m i l e s . Since B i s a non-user he 
can purchase none. In r ecogn i t i on of the 
interdependence, however , B may o f f e r a 
subsidy to encourage A ' s use of the h i g h 
way . I nd iv idua l B has a l ready r ece ived a 
w i n d f a l l i n the f o r m of i n d i r e c t benef i t s be 
cause he wou ld have been w i l l i n g to pay a 
p r i c e P Q f o r each veh ic le m i l e that A has 
t r a v e l e d . Th i s w i n d f a l l i s depic ted by the 
a rea O Q S P Q . Indeed, B stands to gain i f 
he o f f e r s to subsidize A ' s purchase of a n 
other v e h i c l e - m i l e . I nd iv idua l A i s w i l l i n g 

Quantity 

Figure 1. Private demand (The User Share), 

to purchase an addi t iona l u n i t at a p r i c e 
s l i g h t l y be low P , wh i l e the va lue of an a d d i 
t i ona l un i t to B i s a pos i t i ve quant i ty s l i g h t l y 
below P Q . A s s u m e that B o f f e r s an 
amount U to i n d i v i d u a l A i n o r d e r to en
courage A ' s use of the h ighway. W i t h t h i s 
o f f e r , the p r i c e of an add i t iona l u n i t to A 
i s P - U , and A w i l l i nc rease h i s purchases 
to q . I nd iv idua l B w i l l increase the sub
s idy o f f e r e d as long as add i t iona l un i t s a r e 
f o r t h c o m i n g at a subsidy p e r un i t below h i s 
demand p r i c e f o r those quan t i t i e s . S i m 
i l a r l y , A w i l l continue to purchase a d d i 
t i o n a l un i t s u n t i l quant i ty Q' i s reached 
such that h i s ( A ' s ) demand p r i c e f o r Q' 
p l u s B ' s subsidy o f f e r ( B ' s demand p r i c e 
f o r Q') become equal to P , the going p r i c e . 
The e q u i l i b r i u m i s depic ted by po in t M 
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Collective demand (The Non-User 
Share). 

where the respec t ive con t r i bu t ions of A and B t o w a r d the purchase of Q' a r e P^ and 
and Pb ( Pa + Pb = P) • The t o t a l amounts pa id by A and B a re depic ted by the areas 
OQ'WPa and O C ' V P ^ , r e s p e c t i v e l y . I t should be noted that the u se r charge i s below 
m a r g i n a l cost r e f l e c t i n g the genera l o r soc i a l d e s i r a b i l i t y of inc reased highway use . 

Other po in ts l i k e M cou ld be d e t e r m i n e d by assuming a d i f f e r e n t m a r k e t p r i c e . T h i s 
se r i e s of po in t s de t e rmines the j o i n t o r co l l ec t i ve demand ( D Q ) f o r highway use . Dc 
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can be cons t ruc ted d i r e c t l y by a v e r t i c a l s u m m a t i o n of and . When the econom
i c s of the m a r k e t p lace i s cons idered , the demands of i nd iv idua l s ar^; summed h o r i z o n 
t a l l y (6) . However , when a s e r v i c e y i e l d s i n d i r e c t benef i t s i t takes on a " p u b l i c " o r 
" c o l l e c t i v e " cha rac t e r because a l l i n d i v i d u a l s demand the same p h y s i c a l p r o d u c t . P o 
l i c e p r o t e c t i o n , na t iona l defense and many o ther p r o g r a m s i n s t i t u t ed i n the pub l i c i n t e r 
est may be conceptual ized th rough a v e r t i c a l summat ion of i n d i v i d u a l demands. The 
p rocedure s employed i n F i g u r e 2 were set f o r t h o r i g i n a l l y i n Sweden by W i c k s e l l and 
l i n d a h l and have been developed r e c e n t l y i n the Uni ted States by H o w a r d Bowen (T) and 
Paul A . Samuelson {8). I m p l i c i t i n the so lu t ion i s a " n e u t r a l " t heo ry of taxa t ion r e 
f l e c t i n g the v o l u n t a r y choices of i nd iv idua l s i n a c o l l e c t i v e contex t . 

The a l l o c a t i o n of shares depic ted i n F i g u r e 2, i s a k i n , but not i d e n t i c a l , to the t r a 
d i t i o n a l a l l o c a t i o n of cos t between u s e r s and non -use r s . A c t u a l d e t e r m i n a t i o n of the 
non-user share poses s i g n i f i c a n t p r o b l e m s of measurement . The subsidy w i l l not be 
o f f e r e d by the non-user un less i t b r i n g s about increases i n A ' s use of the h ighway. 
That i s , i f a subsidy o f f e r i n the f o r m of a non-user share w o u l d r e s u l t i n no o r i n neg
l i g i b l e change, the subsidy i s super f luous and charges f o r the road a r e assessed against 
the u s e r s of the r o a d . A l though the downtown merchan t may benef i t f r o m the use of the 
road , i t does not ( o n economic grounds) f o l l o w that he should d e f r a y p a r t of the cost of 
the f a r m to c i t y s y s t e m . I t i s a lmos t c e r t a i n that r en t s and w i n d f a l l s of v a r i o u s s o r t s 

w i l l a cc rue to many i n d i v i d u a l s . H i e i n 
c lu s ion of these e lements i n the highway 
f i n a n c i a l s t r u c t u r e may lead only to a r e d i s 
t r i b u t i o n of i ncome f r o m those r e c e i v i n g 
w i n d f a l l s to highway u s e r s . However , i f 
a l m s a re to be g iven , the re may be o the r s 
who occupy a h ighe r p lace on our scales of 
p r e f e r e n c e . 

Silence on the p a r t of i n d i r e c t b e n e f i c i 
a r i e s i s evidence that the i n d i r e c t benef i t 
i s of a su rp lus cha rac t e r and does not have 
to be cons ide red i n a f r a m e w o r k of econom
ic e f f i c i e n c y . I f the subsidy i s r e q u i r e d , 
bus inessmen and o the r s w i l l e x e r t p r e s s u r e 
on the l e g i s l a t u r e o r the highway au tho r i t y 
to p r o v i d e expanded f a c i l i t i e s . A s a gen
e r a l r u l e , c o l l e c t i v e o r p o l i t i c a l ac t ion of 
some s o r t w i l l be r e q u i r e d . The task of 
the highway analys t i s to r econs t ruc t the 
p r e s s u r e s and the c o l l e c t i v e ac t i on . The 
highway f i n a n c i a l analyst r ece ives an e x 
pend i tu re p r o g r a m along w i t h the r e c o r d 
of l e g i s l a t i v e and execut ive hear ings and 
o ther evidences of c o l l e c t i v e ac t i on . The 
p r o g r a m i s a r e s u l t o f t r a f f i c s tudies i n i 
t i a t e d by the highway au tho r i t y and the 
v i e w s of v a r i o u s non-user groups w h i c h 

a r e a f f e c t e d . A s c r u t i n y of the p r o g r a m and the hear ings may ind ica te the i n d i r e c t 
bene f i t s wh ich ought to p l a y a r o l e i n highway f inance . By i n f e r ence , the highway ana
l y s t can a t tempt to r e c o n s t r u c t r e l a t ionsh ips invo lved i n the c o l l e c t i v e ac t ion and w i t h i n 
w ide l i m i t s may be able to de te rmine appropr i a t e paymen t s . B e f o r e h i m a r e a lways the 
f o l l o w i n g quest ions: ( a ) Does t h i s group o r i n d i v i d u a l r ece ive an i n d i r e c t benef i t ? 
( b ) I f so, i s a payment by the i n d i r e c t b e n e f i c i a r y a necessary cond i t ion f o r r e c e i p t of 
t h i s i n d i r e c t benef i t ? ( c ) What i s the m i n i m a l amount that he would have to pay to 
b r i n g about a s i tua t ion that y i e ld s t h i s amount of benef i t ? The p r o b l e m s a r e d i f f i c u l t , 
bu t not i n su rmoun tab l e . A l though p e r f e c t i o n may be i m p o s s i b l e , i t i s f e l t that the ap
p r o a c h suggested i s s u p e r i o r to the b r o a d and of ten i l l u s o r y conception of i n d i r e c t o r 
" s o c i a l " bene f i t s so f r e q u e n t l y brought in to highway f i n a n c i a l ana ly s i s . M o r e o v e r , the 
opposite e x t r e m e of o v e r l o o k i n g i n d i r e c t benef i t s e n t i r e l y i s avoided. A t leas t a f e w 

Quantity Q 

Figure 3. Windfall (Equity). 
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l i m i t s have been set and some c r i t e r i a have been es tab l i shed . 

I n d i r e c t B e n e f i t s Wi thout a N o n - U s e r Share 

F i g u r e 3 r epresen t s the s i tua t ion when t he re a r e i n d i r e c t benef i t s wh ich have no 
s ign i f i cance unless a s tandard of tax equi ty i s adopted. The h o r i z o n t a l summat ion of 
Da and E)u y i e l d s the c o l l e c t i v e demand, D ^ . A t p r i c e P, both D ^ and y i e l d a 
quant i ty Q. A t output Q the demand of B , the non-user , f o r add i t iona l i n c r e m e n t s of 
t r a f f i c i s z e r o . A n inc rease i n t r a f f i c beyond Q does not y i e l d any add i t iona l advantages 
to the i n d i r e c t b e n e f i c i a r y . No subsidy i s o f f e r e d and A pays f o r the h ighway . The 
shaded a rea i n F i g u r e 3 represen ts a w i n d f a l l o r r en t wh ich may o r may not be ex
t r a c t e d f r o m the i n d i r e c t b e n e f i c i a r y depending on equi ty . These ren t s and w i n d f a l l s , 
of cou r se , w o u l d p r o v i d e an excel lent source of revenue f o r r e d i s t r i b u t i v e purposes . 
However , the no t ion that " l i k e th ings should be t r e a t ed a l i k e " a long w i t h p r i n c i p l e s of 
tax equi ty such as " n e u t r a l i t y " o r "reasonable c l a s s i f i c a t i o n " , i m p l y that r e n t s and 
w i n d f a l l s associa ted w i t h the highway f u n c t i o n should be t r e a t e d i n the same manner as 
any o the r r en t s o r w i n d f a l l s . On a d m i n i s t r a t i v e and oppor tun i s t i c grounds , the case 
f o r the e x t r a c t i o n of such ren t s i s much s t ronge r . F o r example , the uncap i t a l i zed 
r en t s associa ted w i t h a new highway p r o g r a m a re easy to measu re and i n t h i s w r i t e r ' s 
op in ion represen t an excel lent source of gene ra l tax revenue. Th i s op in ion i s based on 
oppor tun i s t i c and a d m i n i s t r a t i v e grounds coupled w i t h a no t ion about j u s t i c e . However , 
such oppor tun i s t i c t axa t ion should not be r e l a t ed to the highway tax s t r u c t u r e wi thou t 
f i r s t assess ing the i m p l i c a t i o n s of r educ ing the share assigned to u s e r s . 

Perhaps the mos t s i g n i f i c a n t p r a c t i c a l conc lus ion i s tha t the t r a d i t i o n a l a l l oca t i on 
of cost between u s e r s and non-use r s i s p r i m a r i l y a response to an a d m i n i s t r a t i v e 
p r o b l e m . However , the p r o p e r p lace to consider a d m i n i s t r a t i o n i s a f t e r cos t s have 
been a l loca ted , not b e f o r e . The f i r s t s tep i n highway f i n a n c i a l ana lys i s should es tabl i sh 
the cost of h ighway use . I f the " s o c i a l l y " des i r ab le amount of h ighway s e r v i c e ( d e 
p i c t e d by Dj j ) " c l e a r s the m a r k e t " at a c o s t - d e t e r m i n e d p r i c e , a non-user share i s not 
r e q u i r e d . K the " s o c i a l l y " des i r ab le amount does not " c l e a r the m a r k e t " , h ighway use 
mus t be encouraged th rough subsidy i n the f o r m of a non-user sha re . Equ i ty may also 
c a l l f o r a non-user share; t h i s r e q u i r e s evaluat ions concern ing the d i s t r i b u t i o n of i n 
c o m e . Al though the a t t a inment of equi ty i s des i r ab le , i t does not p r o v i d e a p r i n c i p l e 
f o r the d e t e r m i n a t i o n and a l l o c a t i o n o f h ighway cos t . The p r a c t i c e o f i n c o r p o r a t i n g 
e i the r a " b e n e f i t " o r " a b i l i t y to p a y " t heo ry of t axa t ion w i t h i n the a n a l y t i c a l f r a m e w o r k 
of cos t a l l oca t ion may se rve only to reduce the amounts assessed against u s e r s , and 
cou ld lead to an u n w a r r a n t e d subsidy d i sgu ised i n the f o r m of a " s c i e n t i f i c " a l l oca t i on 
of cos t . The r e s u l t m i g h t w e l l be a m i s a l l o c a t i o n of r e sources and t r a f f i c i n the domes
t i c t r a n s p o r t a t i o n s y s t e m . 

H I G H W A Y P R I C I N G 

I t has been suggested that the d e t e r m i n a t i o n o f p r i c e s f o r the use of h ighways ought 
to be the f i r s t , not the second, step i n highway f i n a n c i a l ana ly s i s . I n the abs t rac t , the 
appropr i a t e p r i c e i s f o u n d at the po in t on the t h e o r i s t ' s m a r g i n a l cos t c u r v e w h i c h c o r 
responds to the quant i ty of s e r v i c e t aken . T h e o r e t i c a l m a r g i n a l cost cu rves a r e i n 
t e r e s t i n g a n a l y t i c a l t oo l s , u s e f u l i n d e m o n s t r a t i i ^ the p r i n c i p l e , but of l i t t l e help i n 
app l i ca t i ons . The ensuing d i scuss ion d e l i b e r a t e l y eschews the t r a d i t i o n a l t h e o r e t i c a l 
m a c h i n e r y i n f a v o r of an app l i ed i n t e r p r e t a t i o n of the m a r g i n a l cost s tandard . 

M a r g i n a l cost has been def ined as the d i f f e r e n c e i n t o t a l cost a t two consecut ive 
l eve l s of output {9). A l t e r n a t i v e l y , i t i s the cost w h i c h cou ld be avoided i f an a d d i t i o n 
a l u n i t , b lock of u n i t s , o r c lass of un i t s w e r e not p roduced . A c c o r d i n g to James E . 
Buchanan ( 1 0 ) , t he r e a r e two components of m a r g i n a l cost r e l evan t to highway f i nance : 
(a ) The d i r e c t m a r g i n a l money cost imposed by a u se r and ( b ) the i n d i r e c t add i t iona l 
burdens i m p o s e d on o t h e r u s e r s , tha t i s , de lays and inconveniences assoc ia ted w i t h 
congest ion. D i r e c t m a r g i n a l money cost i s " that p o r t i o n of t o t a l maintenance costs 
wh ich v a r y d i r e c t l y w i t h r o a d usage . " I n d i r e c t o r " r e a l " m a r g i n a l cost cannot be t r a n s 
l a t ed eas i ly in to a money equivalent . E m p l o y i n g t h i s two-p ronged concept ion of m a r 
g i n a l cos t , Buchanan concludes tha t : 
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1 . Secondary r o a d u se r s who cause l i t t l e congest ion should be r e q u i r e d to pay less 
p e r ton o r veh ic l e m i l e than p r i m a r y r o a d u s e r s . 

2. Heavie r and l a r g e r veh ic l e s should be charged h igher ra tes than l i g h t e r and 
s m a l l e r ones because bo th the d i r e c t and i n d i r e c t components of m a r g i n a l soc ia l cost 
a r e g r ea t e r . 

3. Slower veh ic l e s w h i c h add m o r e to congestion should pay h i g j i e r r a t e s than f a s t e r 
v e h i c l e s . 

4. V e h i c l e s known to t r a v e l m o r e d u r i n g congested t i m e p e r i o d s should be charged 
h igher r a t e s . Higher ra tes should be charged on week-ends and hol idays and d u r i n g 
r u s h h o u r s . 

One d i f f i c u l t y w i t h Buchanan's conception of m a r g i n a l cost i s the assumpt ion that 
maintenance cost i s the re levan t m a r g i n a l money cos t . Th i s e l imina t e s cons t ruc t ion 
expendi ture f r o m the p u r v i e w of the highway p r i c e s t r u c t u r e . Al though the cost of 
sunk, f i x e d o r p r e v i o u s l y c o m m i t t e d resources i s not m a r g i n a l ( 1 1 ) , i t does not f o l l o w 
tha t cons t ruc t ion cost i s wi thout s ign i f i cance to highway p r i c i n g ( T 2 ) . Expansion and 
c o n t r a c t i o n of the highway p lan t t h rough v a r i a t i o n s i n cons t ruc t i on expendi ture i s a 
d a i l y occurence . Al though such expendi tures become sunk costs , new cons t ruc t ion ex
pendi tu res a r e con t inua l ly being made and, t h e r e f o r e , a r e m a r g i n a l . T o have any r e a l 
s ign i f i cance , m a r g i n a l cost mus t r e f e r to those r e sources wh ich a re c u r r e n t l y a v a i l 
able f o r o ther uses and w h i c h management may o r may not choose to a p p r o p r i a t e . I n 
a s i m i l a r v e i n , L e r n e r main ta ins that m a r g i n a l costs "are costs the i n c u r r e n c e of wh ich 
i s i n ques t ion" ( ^ 3 ) . 

"Costs the i n c u r r e n c e of wh ich i s i n ques t ion" a re found i n the p r o g r a m o r p l an of 
the a u t h o r i t y . The p r o g r a m i s con t inua l ly i n question and represen t s both p roduc t ion 
and p lann ing ( s h o r t and long run ) costs ; i t does not inc lude costs tha t have been i n 
c u r r e d p r e v i o u s l y . I f the p r o g r a m i s w e l l conceived, i t i s geared as evenly as poss ib l e 
t o the demand tha t i s expected to p r e sen t i t s e l f at a s e r i e s of f u t u r e dates. I f the de 
mand develops as an t ic ipa ted , the highway p l an t w i l l operate as near to the o p t i m u m as 
poss ib l e . F r o m t i m e t o t i m e the p r o g r a m w i l l be r e v i s e d i n response to changes i n the 
out look, and p r o g r a m cost w i l l e i the r be inc reased o r decreased . K demand decl ines 
and add i t i ona l c o n s t r u c t i o n i s not r e q u i r e d , p r o g r a m cos t w i l l dec l ine t o the l e v e l of 
maintenance; i f demand inc reases , p r o g r a m cost w i l l i nc rease so as to inc lude the 
cos t of added capac i ty . 

The d i f f i c u l t y w i t h p r o g r a m cost i s obvious . I t i s a v a l i d i n t e r p r e t a t i o n of m a r g i n a l 
cost on ly on the assumpt ion that the p r o g r a m r e f e r s to an o p t i m a l l y ad jus t ed p l an t . 
T h i s assumpt ion may be quest ioned. P a r t i c u l a r roads o r the sys tem as a whole may 
be c h a r a c t e r i z e d by congest ion (excess demand) o r u n d e r - u t i l i z a t i o n (excess s u p p l y ) . 
In the event of u n d e r - u t i l i z a t i o n , add i t iona l t r a f f i c can be handled at a v e r y low a d 
d i t i o n a l cos t . On the o ther hand, congest ion c rea tes a s i tua t ion wh ich i s c h a r a c t e r i z e d 
by h igh m a r g i n a l costs some of w h i c h a r e exceedingly d i f f i c u l t to measure . Such c o n 
d i t ions may a r i s e because of (a ) shor t r u n o r t e m p o r a r y excess supply o r demand (b) 
i n d i v i s i b i l i t i e s , tha t i s , the p h y s i c a l i m p o s s i b i l i t y of ad jus t ing the p lant and ( c ) peak 
load . Al though these condi t ions a re c lo se ly i n t e r r e l a t e d , each may c a l l f o r a p a r t i 
c u l a r k i n d of p r i c e p o l i c y . 

B e f o r e examin ing these s i tuat ions i t may be h e l p f u l to d i s t ingu i sh between " t e m p o r a r y " 
and "permanen t" i n d i v i s i b i l i t i e s of the highway p l an t . T e m p o r a r y i n d i v i s i b i l i t i e s a r e those 
that can be e l i m i n a t e d by increases o r decreases i n demand o r supply . F o r example, a d d i 
t i o n a l lanes a r e added i n an t i c ipa t i on o f the demand a f e w y e a r s hence. T h e r e i s excess supply 
of a t e m p o r a r y na ture because of the i n a b i l i t y to make f r equen t and s m a l l ad jus tmen t s . P e r 
manent i n d i v i s i b i l i t i e s appear on secondary roads . T y p i c a l l y , such roads have excess supply 
because of an inadequate demand coupled w i t h the f a c t that roads mus t have c e r t a i n m i n i m u m 
design f ea tu re s to wi ths tand the e lements and to p r o v i d e a reasonable m i n i m u m qua l i ty of s e r 
v i c e . In the ensuing d i scuss ion , permanent i n d i v i s i b i l i t i e s ( secondary roads) a r e t r e a t e d 
separa te ly . However , t e m p o r a r y i n d i v i s i b i l i t i e s a r e t r e a t e d a s a s h o r t - r u n m a l a d j u s t m e n t . 

Short Run Excess Supply o r Demand 

If t he re w e r e no peak load p r o b l e m o r pe rmanen t i n d i v i s i b i l i t i e s , excess supply o r 
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excess demand could be r e m o v e d th rough appropr ia t e ad jus tment of the p lan t . However , 
the p lant cannot be ad jus ted i m m e d i a t e l y . A n a t tempt to e l i m i n a t e congest ion o r ex
cess capaci ty i m m e d i a t e l y th rough p r i c e v a r i a t i o n s involves d i f f i c u l t a d m i n i s t r a t i v e 
p r o b l e m s . M o r e o v e r , i t i s poss ib le to ma in t a in that p r i c e d i s c i p l i n e i s not a necessary 
condi t ion f o r e f f ec t i ve shor t r u n u t i l i z a t i o n of the highway p l an t . An ad jus tment to t e m 
p o r a r y excess capac i ty o r congest ion o c c u r s m o r e o r l e ss a u t o m a t i c a l l y because t r a f 
f i c has a tendency to d i s t r i b u t e i t s e l f so as to r e f l e c t m a r g i n a l r e a l cos t . Congestion 
r a i s e s r e a l cost to the m o t o r i s t ; excess capaci ty reduces such cos t . The m o t o r i s t , 
i n r educ ing r e a l cos t , w i l l a t t empt to select tha t t i m e and rou te wh ich has the l o w e r 
m a r g i n a l r e a l cos t . Of course , t h i s automat ic ad jus tment f o r excess capac i ty and c o n 
ges t ion i s l i m i t e d , e spec ia l ly i n r u r a l a reas , by the number of a l t e r n a t i v e s ava i l ab le 
to m o t o r i s t s . Another aspect of t h i s ad jus tment i s the f l u c t u a t i o n i n u se r tax ea rn ings . 
I f u se r tax r a t e s a r e es tabl ished on the assumpt ion of o p t i m a l opera t ions , congest ion 
w i l l r e s u l t i n " p r o f i t s " to the highway au tho r i t y w h i l e excess capac i ty w i l l lead to 
" l o s s e s . " The accumula t ion of p r o f i t s may be i n t e r p r e t e d as a r e f l e c t i o n of r i s i n g 
m a r g i n a l cos t w h i l e the i n c u r r e n c e of losses may r e f l e c t d e c l i n i n g m a r g i n a l cos t . 

The ad jus tment desc r ibed above may also be i n t e r p r e t e d as a r e f l e c t i o n of the i n t i 
mate r e l a t ionsh ip between the vo lume o r density of t r a f f i c and the qua l i ty of s e r v i c e . 
Al though ra tes a re not v a r i e d , the m o t o r i s t r ece ives a l o w e r qua l i ty of s e rv i ce on a 
congested highway and a h igher qua l i ty of s e rv i ce on a highway which has excess 
capaci ty . The e f f ec t i s much the same as that w h i c h wou ld be obtained i f the qua l i ty 
s tandard were main ta ined and p r i c e v a r i a t i o n s w e r e used to ad jus t the v o l u m e of 
t r a f f i c . Instead o f p r i c e v a r i a t i o n s , the ad jus tmen t may occur p a r t i a l l y th rough 
qua l i ty v a r i a t i o n s wh ich a re " b u i l t - i n " to the sys t em. 

In pass ing , another i m p l i c a t i o n should be noted. The addi t ion of a veh ic l e imposes 
add i t iona l " r e a l " costs on o ther veh ic l e s , a l though the add i t iona l money out lay o f the 
highway a u t h o r i t y i s qui te l o w . These " r e a l " costs may be measured by cons ide r ing 
the i m p a c t of the v e h i c l e on the " p r a c t i c a l " capac i ty of the h ighway. P r a c t i c a l capac i ty 
has been def ined i n the Highway Capaci ty Manual (_14) as: "the m a x i m u m number of 
veh ic l e s tha t can pass a g iven po in t on a roadway o r i n a designated lane d u r i n g one 
hour wi thou t the t r a f f i c densi ty being so g rea t as to cause unreasonable delay, haza rd 
o r r e s t r i c t i o n to the d r i v e r s ' f r e e d o m to maneuver under the p r e v a i l i n g roadway and 
t r a f f i c c o n d i t i o n s . " E v e r y d i m i n u t i o n of ava i l ab le capac i ty can r ep resen t an i n c r e m e n t 
of cos t imposed on other v e h i c l e s . Thus , the m a r g i n a l cost imposed by each veh ic le 
i s a f u n c t i o n of veh ic l e s inconvenienced o r even d i sp laced ( r e d u c t i o n i n c a p a c i t y ) . 
Since eve ry veh ic l e i s m a r g i n a l , p r i c e s cou ld be es tabl ished on the bas i s of r e l a t i v e 
capac i ty u t i l i z e d on the assumpt ion that the m o r e capaci ty u t i l i z e d by a p a r t i c u l a r v e 
h i c l e , the m o r e the p r a c t i c a l capaci ty i s r educed . The capaci ty approach p r o v i d e s a 
means f o r t r a n s l a t i n g r e a l cost in to money cos t . However , i f the road i s capable of 
handl ing add i t iona l t r a f f i c , wi thout any i m p a c t on p r a c t i c a l capaci ty , the m a r g i n a l cos t 
can be no g rea t e r than that p o r t i o n of maintenance cost w h i c h v a r i e s d i r e c t l y w i t h road 
11 use . 

The burden of the a rgument i s tha t highway u se r s who do not bear the b r u n t of h igh 
m a r g i n a l costs i n t e r m s of h igher u se r tax ra tes mus t s t i l l bear r e a l cost i n t e r m s of 
delay, inconvenience and f r u s t r a t i o n . A p o l i c y of m a i n t a i n i n g r a t e s at the p r o g r a m 
cost l e v e l has m o r e to c o m m e n d i t than the a rgument of a d m i n i s t r a t i v e f e a s i b i l i t y . 
A l though m o r e r e f i n e d r a t e v a r i a t i o n s i n response to t e m p o r a r y excess supply and ex 
cess demand wou ld be d i f f i c u l t to a d m i n i s t e r , i t may be des i r ab le i n some instances 
to add p r i c e d i s c i p l i n e to the " b u i l t - i n " ad jus tment a l r eady de sc r i bed . 

Permanent I n d i v i s i b i l i t i e s 

F requen t ly i t i s i m p o s s i b l e to ad jus t the h ighway p lan t to the demand f o r i t s use and 
t he re i s a pe rmanen t condi t ion of excess capac i ty . None of the poss ib le ad jus tments 
desc r ibed i n the p reced ing sect ion can be made. M a r g i n a l cost on a l i g h t l y t r a v e l e d 
road i s w e l l below the u n i t p r o g r a m cost f o r that r o a d . However , the m a r g i n a l cost 
a rgument f o r l o w ra t e s i s not espec ia l ly s t rong as the demand f o r such roads p r o b a b l y 
i s r e l a t i v e l y ine las t i c ; t h e r e f o r e , the excess capaci ty cannot be r e m o v e d th rough i n -
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creases i n t r a f f i c b rought about b y l o w m a r g i n a l cost p r i c e s . Never the less , a f o r m a l 
adherence to the p r i c i n g s tandard r e q u i r e s l ow ra tes f o r l i g h t l y t r a v e l e d roads . 

M a r g i n a l cost p r i c i n g r e q u i r e s that secondary roads having excess capaci ty be o p 
era ted at a " l o s s . " I n a sense t h i s o f f e r s an excel lent t h e o r e t i c a l r a t i o n a l i z a t i o n f o r a 
non-user share on secondary roads . The quest ion of " losses" due to m a r g i n a l cost 
p r i c i n g has been discussed by many w r i t e r s ( 1 5 ) . One so lu t ion to the p r o b l e m i s the 
" t w o - p a r t " t a r i f f ( 1 6 ) . Under t h i s p roposa l the consumer pays a low m a r g i n a l cost 
p r i c e at the t i m e of purchase . I n add i t ion , l u m p sum charges independent of use a re 
employed to cover the losses that a r i s e . A n appl ica t ion of t h i s idea to highway f inance 
leads to a l u m p sum tax not to exceed the v a l u e - o f - s e r v i c e to the user , combined w i t h 
a l ow user charge based on m a r g i n a l cos t . The gasol ine and weight distance taxes a re 
appropr i a t e candidates f o r the m a r g i n a l ra te w h i l e l i cense taxes , d r i v e r ' s l i cense f ees , 
p r o p e r t y taxes on au tomobi les , spec ia l assessments against those abut t ing p r o p e r t y 
owners who use the road and many o the r s appear to be sui table f o r the l u m p sum charge . 
I t i s f e l t that l icense taxes and d r i v e r ' s l i cense fees a re best sui ted f o r t h i s purpose b e 
cause t h e i r purchase i s v o l u n t a r y . Thus , the payment does not exceed v a l u e - o f - s e r v i c e . 
Of course , t h i s does not p rec lude the use of any other l u m p sum tax p r o v i d e d i t i s p a i d 
by the use r and does not exceed v a l u e - o f - s e r v i c e . 

Peak Loads 

E l i m i n a t i o n of peak load does not invo lve conceptual p r o b l e m s that have not been de
s c r i b e d by Buchanan and o the r s , bu t app l i ca t ion to highways does i n v o l v e s i g n i f i c a n t 
a d m i n i s t r a t i v e p r o b l e m s . Al though there a re oppor tun i t i e s f o r peak load p r i c i n g that 
ought to be examined by highway a d m i n i s t r a t o r s , i t i s l i k e l y that the genera l p r o b l e m 
i s solved as w e l l as i t can be by the " b u i l t - i n " ad jus tmen t . M o t o r i s t s do not d r i v e head
long in to congest ion un less t h e i r demand i s h igh ly ine las t i c ; i t poss ib le , they tend to 
a r range t h e i r a f f a i r s i n o r d e r to avo id the t r a f f i c . Reasonable r a t e d i f f e r e n t i a l s p r o b 
ably wou ld have l i t t l e impac t on the peak load p r o b l e m , al though o ther so lu t ions of a 
m o r e gene ra l na tu re a r e poss ib l e , e . g . , subs id ized t r a n s i t sy s t ems . I n r e a c h i n g t h i s 
conc lus ion r e l a t i v e to the peak load p r o b l e m , i t i s not i m p l i e d tha t peak load p r i c i n g 
should be abandoned. In some instances, appropr i a t e peak load p r i c e p o l i c y of the s o r t 
advocated by Buchanan m i g h t r e s u l t i n a m o r e e f f e c t i v e u t i l i z a t i o n of the highway s y s t e m . 
The p r o b l e m s r e l a t i v e to peak load a r e a d m i n i s t r a t i v e , not conceptual . 

T H E F R A M E W O R K O F A P P L I C A T I O N 

I t has been suggested tha t a highway use r tax s t r u c t u r e consis tent w i t h the m a r g i n a l 
cost s tandard m i g h t be based on p r o g r a m cos t . T e m p o r a r y congestion and excess 
capac i ty a r e e l i m i n a t e d p a r t i a l l y by a " b u i l t - i n " ad jus tment desc r ibed e a r l i e r . I f such 
condi t ions p e r s i s t f o r any length of t i m e , they w i l l have an i m p a c t on p r o g r a m cost and 
w i l l lead e i the r to h ighe r o r l o w e r ra tes u n t i l the p lan t i s ad jus t ed . I f i t i s p r a c t i c a l , a 
sys tem of peak load and s h o r t - r u n p r i c e s may be i n c o r p o r a t e d in to the f i n a n c i a l s t r u c 
t u r e . M o d i f i c a t i o n s f o r l i g h t l y t r a v e l e d roads wh ich have h igh average p r o g r a m costs 
but l ow m a r g i n a l cos ts a r e also r e q u i r e d . A f t e r a l l ad jus tmen t s have been made, the 
r e v i s e d p r i c e s t r u c t u r e may deviate cons iderab ly f r o m the i n i t i a l p r i c e s t r u c t u r e based 
on p r o g r a m cos t . 

The bas ic e lement i n the es tab l i shment o f the p r i c e s t r u c t u r e w i l l be an i n c r e m e n t a l 
a l l oca t ion of p r o g r a m cos t . The usua l i n c r e m e n t a l cost a l l oca t ion invo lves a d i r e c t 
ass ignment of specia l cos t to v e h i c l e c lasses a l o i ^ w i t h an appor t ionment of c o m m o n 
cost among a l l v e h i c l e s . To have e m p i r i c a l v a l i d i t y , these cost ass ignments u sua l ly 
a re based on engineer ing design c r i t e r i a . These "des ign-cos t " ass ignments o r "cos t 
r e s p o n s i b i l i t i e s " mus t be conver ted into economic c o s t - p r i c e r e l a t i o n s h i p s . F i n a l l y , 
c o s t - p r i c e r e l a t ionsh ips mus t be combined w i t h a d m i n i s t r a t i v e r e l a t ionsh ips i n o r d e r 
t o p r o v i d e a workab le so lu t ion . The p r o b l e m i s l a r g e l y one of a r r a n g i n g v a r i o u s 
ca tegor ies in to a s ingle f r a m e w o r k that in tegra tes the f a c t o r s imp ing ing on the t o t a l 
highway p r o g r a m . The r e l a t ionsh ips that sha l l be cons idered f a l l in to t h r ee c lasses : 

1 . Design-Cost—Cost o f supply ing h ighway s e r v i c e s d e t e r m i n e d f r o m highway de 
s ign c r i t e r i a . 
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2 . C o s t - P r i c e — P r i c e s f o r highway s e r v i c e s de t e rmined i n accordance w i t h the 
m a r g i n a l cost c r i t e r i a . 

3. P r i c e - A d m i n i s t r a t i v e — C o l l e c t i o n of p r i c e s i n accordance w i t h a d m i n i s t r a t i v e 
c r i t e r i a . 

Des ign-Cos t Rela t ionships 

A l l v a r i a t i o n s i n h ighway design due to v a r i a t i o n s i n e i ther t r a f f i c v o l u m e o r to the 
s ize , weight and p e r f o r m a n c e of veh ic l e s can be r e l a t ed e i the r to pavement r e q u i r e m e n t s 
o r t o g e o m e t r i c des ign . Pavement des ign r e f e r s t o pavement cha rac t e r i s t i c s—sur face , 
base and subbase; geome t r i c design deals w i t h length , w i d t h , c u r v a t u r e , g rad ien t and 
a l inement . Fundamenta l ly , the geome t r i c design of a highway i s a f u n c t i o n of (a ) the 
v o l u m e of a l l c lasses of t r a f f i c , ( b ) the d imens ions and speeds of v e h i c l e s and ( c ) the 
qua l i t y of s e r v i c e (speed, ease of d r i v i n g , r i s k , e t c . ) that has been se lected. A s s u m i n g 
g iven s o i l and weather condi t ions , pavement design i s a f u n c t i o n of the axle load of v e 
h i c l e s and, pos s ib ly , of the number of r epe t i t i ons of the ax le load ( v o l u m e of p a r t i c u l a r 
weight c lasses of t r a f f i c ) . 

V o l u m e r e l a t ionsh ips re levan t to the geomet r i c design have been establ ished by 
studies of highway capaci ty (_14). These r e l a t ionsh ips a re not so " l u m p y " as one w o u l d 
suppose. When a two- l ane highway becomes congested, the j u m p to a f o u r - l a n e highway 
i s not i n e v i t a b l e . The two lanes may be widened, grades and c u r v a t u r e may be reduced 
and many o ther e lements of geome t r i c design may be v a r i e d i n an a t tempt to ad jus t the 
geome t r i c design to the t r a f f i c . Of course , the p o s s i b i l i t y of ad jus t ing the p lant on the 
d r a w i n g boa rd i s a d i f f e r e n t p r o b l e m f r o m ad jus t i ng the p lan t i n an economic sense. 
M o r e o v e r , the p o s s i b i l i t y of m a k i n g ad jus tment i n the geome t r i c design i s severe ly 
l i m i t e d w i t h r e g a r d to f a c i l i t i e s wh ich c a r r y a v e r y low v o l u m e of t r a f f i c because of the 
m i n i m u m design f o r m necessary to p r o v i d e a reasonably s a t i s f a c t o r y s e r v i c e . 

V o l u m e o r quant i ty r e l a t i onsh ips f o r pavement th ickness a re not as w e l l es tabl ished 
as those f o r geome t r i c des ign . The pavement th ickness , f o r example , may be a f f ec t ed 
by the number and f r equency of r epe t i t i ons of a p a r t i c u l a r ax le l o ad . However , pave 
ment design does not cons ider t h i s r e l a t i onsh ip i n a manner such that a de f in i t e r e 
la t ionship between number o f r epe t i t i ons and pavement th ickness can be de t e rmined ( 1 7 ) . 
The chief d i f f i c u l t i e s i n i s o l a t i n g weigh t r e l a t e d pavement cos t s appear i n the l o w - v o l u m e 
roads which a r e not designed f o r " i n f i n i t e " r epe t i t i ons of a m a x i m u m p e r m i s s i b l e ax le 
load (_17). A s a r e s u l t of these p r o b l e m s , d i f f e r e n t methods and a cons iderable amount 
of judgment a r e r e q u i r e d i n o r d e r to i so l a t e w e i g h t - r e l a t e d cos t s f o r a h ighway sys t em 
having both h igh and low v o l u m e roads . I n o r d e r to s i m p l i f y the d i scuss ion , i t w i l l be 
assumed tha t the sys tem of highways i s composed of two c lasses of r o a d each designed 
i n accordance w i t h the f o l l o w i n g s tandards , l i m i t a t i o n s and assumpt ions : 

1 . P r i m a r y o r h i g h - v o l u m e roads a r e designed f o r an i n f i n i t e number of r epe t i t i ons 
of a l e g a l l y p e r m i s s i b l e m a x i m u m ax le l oa d . I n c r e m e n t a l weight cos ts can be c a l c u 
la ted and assigned to the v a r i o u s weight c lasses u s i i ^ the road ( 1 8 ) . 

2. Secondary o r l o w - v o l u m e roads a re designed to the h igher of two standards: 
(a ) To wi ths tand the e lements over a g iven p e r i o d of yea r s o r (b ) to wi ths tand the 
m a x i m u m axle load wh ich appears w i t h a s u f f i c i e n t f r equency to a f f e c t design s tandards . 
Secondary road pavements a r e capable of handl ing m i x e d t r a f f i c i n p r o p o r t i o n s that a r e 
not known . P r o v i d e d they appear i n " l i m i t e d " n u m b e r s , heavy veh ic les do not impose 
measurab le i n c r e m e n t a l weight cos ts (IT) • 

I t should be noted that these s tandards , l i m i t a t i o n s and assumpt ions w i l l v a r y de
pending on the state of engineer ing knowledge . Al though a m o r e sophis t ica ted s e r i e s 
of design r e l a t ionsh ips cou ld be d e r i v e d , those that have been presented a r e s u f f i c i e n t 
f o r the ana lys i s which i s to f o l l o w . I t i s a lso w o r t h no t ing that geome t r i c design c rea tes 
highway capaci ty w h i l e pavement th ickness c rea tes the a b i l i t y to bear loads . Since h i g h 
way capaci ty i s c rea ted on behalf of a l l veh ic l e s , geomet r i c design may be i n t e r p r e t e d 
as i m p o s i n g on ly common cos t . I n t e r p r e t e d i n t h i s manner , the geomet r i e s of the ex t r a 
f o o t o r two o r d i n a r i l y associa ted w i t h t r u c k t r a f f i c i s a common , not a spec ia l cost , be 
cause the add i t iona l capac i ty i s ava i lab le to a l l v e h i c l e s . I f the ava i lab le h ighway c a -
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pac i ty i s e i the r inc reased o r decreased, the condi t ions under wh ich a l l veh ic l e s operate 
a re changed because of the e f f e c t on congest ion. T h i s does not ho ld f o r pavement t h i c k 
ness wh ich imposes spec ia l cos t . The r e m o v a l of an i nc r emen t of weight o r axle load 
( s i z e , speed and v o l u m e of t r a f f i c r e m a i n i n g constant) reduces highway cost , but does 
not a f f e c t the condi t ions under w h i c h a l l veh i c l e s opera te . 

A s s u m i n g that the pavement of p r i m a r y highways i s designed to wi ths tand " i n f i n i t e " r e 
pe t i t ions of a m a x i m u m axle load , the m a r g i n a l cost of pavement i s zero because the a d d i 
t i o n of one m o r e veh ic le does not increase the t o t a l cost of pavement . On the o ther hand, i f 
a continuous r e l a t i onsh ip i s es tabl ished between the numbers (and f requency) of a p a r t i c u l a r 
axle load and the pavement r e q u i r e m e n t , m a r g i n a l pavement cost can be de t e rmined by e v a l 
ua t ing the i m p a c t of an add i t iona l v e h i c l e on the pavement th ickness r e q u i r e m e n t . The en 
suing d i scuss ion proceeds on the assumpt ion that a continuous r e l a t ionsh ip between r e p e t i -
t i o n a l loading and pavement th ickness has not been es tabl i shed. However , the i m p l i c a t i o n s 
of t h i s p o s s i b l e r e l a t i o n s h i p w i l l be noted i n the course of the d i scuss ion . 

W i t h t h i s background i t i s poss ib le to es tab l i sh a se r i e s of tenta t ive r e l a t ionsh ips 
around wh ich a sys tem of highway f inance may be cons t ruc ted . The re l a t ionsh ips de
s c r i b e d below are of t w o sor t s—geomet r ic and pavement; they a re deduced f r o m the 
assumed c r i t e r i a f o r highway des ign . 

A . G e o m e t r i c Rela t ionships 

1 . G e o m e t r i c design p r o v i d e s capac i ty . 
2 . Capacity i s u t i l i z e d by a l l v e h i c l e s . T h e r e f o r e , geomet r i c design imposes 

c o m m o n cos t . 
3. Changes i n geome t r i c design crea te m a r g i n a l costs which do not inc lude i n c r e 

men ta l ( s p e c i a l o r we igh t - r e l a t ed ) pavement cos t s . 

B . Pavement Rela t ionships 

1 . Specif ic o r f i n i t e changes i n vo lume of t r a f f i c a re not cons idered i n the de te r 
mina t ion of the pavement s t r u c t u r e . 

2 . Because of " i n f i n i t e " des ign, the m a r g i n a l cost of pavement s t r u c t u r e i s p r e 
sumed to be ze ro on p r i m a r y roads . However , l a r g e i n c r e m e n t s of pavement can be 
ass igned to a l l weight c lasses be low the l e g a l m a x i m u m on p r i m a r y roads . 

3. Inc remen t s of pavement s t r u c t u r e cannot be assigned on secondary roads where 
heavy veh ic l e s appear i n " l i m i t e d " n u m b e r s . I n so fa r as design i s concerned a l l costs 
on such roads a re c o m m o n cos t s . 

4 . The pavement s t r u c t u r e ( b u t not the geomet r i e s ) of a secondary r o a d i s equiva
len t to the pavement s t r u c t u r e of a p r i m a r y road designed f o r the same weight c lass of 
t r a f f i c . 

These r e l a t ionsh ips p r o v i d e the basic ingred ien t s i n the development of a m a r g i n a l cost 
sys tem of highway f i nance . By r e l a t i n g the sys tem to highway design, the p r o b l e m i s 
p laced i n an e m p i r i c a l o r appl ied se t t i ng . 

C o s t - P r i c e Rela t ionships 

The s t a r t i n g po in t i n an ana lys i s of c o s t - p r i c e r e l a t ionsh ips i s the segregat ion of 
spec ia l pavement co s t . One may assume that t h i s specia l i t e m has been segregated i n ac -
cordance w i t h the usua l i n c r e m e n t a l cost p r o c e d u r e . W i t h the e l i m i n a t i o n of spec ia l pave 
ment cost , the s i m p l i f i e d h ighway ne twork under cons ide ra t ion i s d e s i g n e d f o r a s ingle 
weight c lass of t r a f f i c , al though i t s t i l l cons iders d i f f e r ences i n d imens ions and speeds of 
v e h i c l e s . The pavement i s designed e i the r to wi ths tand the e lements o r to wi ths tand i n f i n i t e 
r e p e t i t i o n s o f the f i r s t o r l i gh tes t v e h i c l e c l a s s . W i t h t h i s "bas ic" s t r u c t u r e , t h e l i m i t s 
wh ich have s ign i f i cance to both design and economic ana lys i s a r e geomet r i c i n na tu re . 
These geome t r i c r e l a t ionsh ips have a spec ia l s ign i f i cance to highway p r i c i n g . 

The m a r g i n a l cost bas i s f o r the a l loca t ion of common o r geomet r i c cost by evalua t ing 
the i m p a c t on p r a c t i c a l capaci ty was desc r ibed e a r l i e r . A n addi t iona l i n c r e m e n t of 
t r a f f i c on a f u l l y u t i l i z e d f a c i l i t y d imin i shes i t s p r a c t i c a l capaci ty and r e q u i r e s i m p r o v e -
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ments in the geometric design. Since every vehicle is marginal, marginal cost is the 
cost of improving the geometric design, that is,.adding capacity. Capacity relation
ships are ideal f o r marginal cost pr ic ing. The elimination of one unit provides capacity 
f o r a l l other units; the addition of one unit displaces others. Marginal cost of a par
ticular use can be determined by evaluating these displacements. 

It appears that data are available f o r establishing prices consistent with the view 
that has been presented. According to the Highway Capacity Manual (14) : "approxi
mately the same operating conditions w i l l prevail on an expressway through rol l ing 
terra in when there are 1,500 passenger cars per lane per hour as when there are 115 
trucks and 1,040 passenger cars per lane." Thus, 115 trucks displace 460 passenger 
vehicles. In this particular case, passenger vehicles are responsible f o r about two-
thirds (1 ,040/1 , 500) of total common (geometric) cost, while commercial vehicles 
are responsible for about one-third (460/1, 500). This is an "opportunity cost" basis 
f o r the determination of marginal cost. The addition of a single commercial vehicle 
displaces capacity f o r four passenger vehicles. Such ratios are available in the High
way Capacity Manual which lays the foundations f o r the marginal cost pricing of high
way services. In addition to the common costs described above, commercial vehicles 
w i l l receive an assignment of special pavement cost to be defrayed either through lump 
sum or use taxes depending on the relationship between pavement thickness and number 
of repetitions of the axle load. 

There are many elements of cost that are not considered in highway design. Thus, 
design provides almost no empirical basis fo r the allocation of cost of administration 
and maintenance. However, these costs may be either special or common and they 
may or may not vary with incremental additions of t r a f f i c . To the extent that these 
costs do vary with t r a f f i c , they may be added to the marginal costs implied by design 
c r i t e r i a i n order to a r r ive at a total pr ice to be charged on the basis of use. To the 
extent that they do not vary with incremental additions to t r a f f i c , marginal cost is zero 
and "losses" w i l l have to be covered through lump sum taxes. 

The relationships described above do not hold when there is a significant amount of 
under-utilized capacity. In such instances an additional vehicle w i l l have no measurable 
impact on the practical capacity or design of the highway. However, i t might be held 
that any increase in t r a f f i c imposes marginal " rea l" costs on other t ra f f ic even if i t 
does not affect highway design or practical capacity. Since workable distinctions of 
this sort are d i f f icul t to maintain, the ensuing discussion of secondary road finance 
adheres to a money cost interpretation. 

The determination of marginal money cost on secondary roads which have excess 
capacity raises dif f icul t problems. An additional vehicle has no impact on highway de
sign, although i t might have some impact on maintenance. In short, marginal cost is 
fa r below design cost. Although marginal cost would be exceedingly di f f icul t to calcu
late in such situations, adherence to the pricing standard requires that these roads be 
operated at a "loss". An examination of applied marginal cost pr ic ing proposals re 
veals that the so-called two-part t a r i f f includes a variable or marginal charge based on 
operating expense (maintenance cost) and a fixed charge based on overhead (19 ) . 
Strictly speaking, maintenance expense is not a marginal cost. But this seems to be 
the only interpretation of marginal cost that can be applied realist ically in excess 
capacity situations. A more satisfactory term f o r this concept is "out-of-pocket" cost. 
A l l serious attempts at realistic applications of the marginal cost standard rely on the 
out-of-pocket concept. This is not acceptable under increasing cost situations, but i t 
probably comes close when there is obvious permanent excess capacity. One now has 
two crude, but workable, marginal cost standards fo r two types of road. These are 
summarized below: 

1. Program cost (exclusive of special weight cost) represents an approximation to 
pr imary road marginal cost. If the road is f u l l y uti l ized, this cost may be allocated 
among vehicles on the basis of the proportion of capacity util ized by each vehicle. 

2. Maintenance cost represents an approximation of secondary road marginal cost. 

The two standards suggested above determine two extreme points on the traditional 
marginal cost curve; one f o r a "high" volume road, the other f o r a "low" volume 
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road. Highway financial analysts are not without experience in "smoothing out" or 
" f i l l i n g i n " the missing l inks. Meanwhile, the discussion is based on the extremes. 

I t is necessary now to consider the pricing cr i ter ion to be employed for vehicles 
which impose special pavement costs. The special weight cost applicable to a given 
weight class is a common cost with respect to the vehicles in that class and other 
heavier weight classes. On the assumption that these weight costs do not vary with the 
number of repetitions of load there is no justification f o r penalizing additional use of 
these pavement increments. Insofar as the marginal cost standard is concerned, the 
use of such increments by heavy vehicles should be encouraged through lowprices. (Of 
course, any encouragement that this might offer fo r increaseduse of the highway may be o f f 
set by the impact of additional heavy vehicles on congestion, that i s , geometric requirements.) 
Pursuitof a low or zero pricepolicy fo r the pavement component wouldinvolve "losses" due 
to economical or marginal cost pr ic ing. These losses would be equal to special pavement 
cost. If the service is to be continued, beyond the design l i fe of such highways, these losses 
must be recouped. The losses on each increment maybe recoveredfrom the operators of 
the heavy vehicles requiring such increments, through the use of lump sum charges. 

These conclusions concerning pr ic ing fo r special weight increments do not hold if a 
relationship can be established between number of repetitions of axle loads and pavement 
cost. If pavement cost is a continuous function of number of repetitions, an additional 
vehicle w i l l impose additional pavement cost and a price based on use should be em
ployed. It seems possible that a relationship might be established between special 
weight cost and axle miles. In this event, the axle-mile standard f o r the inter-class 
allocation of special pavement cost might be appropriate. This appears to be the cur
rent practice. This is an interesting example of the relationship between the state of 
engineering knowledge and highway pr ic ing. The assumption of " inf in i te" design leads 
to lump sum taxes while the assumption of "continuous" design leads to prices which 
vary with use such as axle-mile or ton-mile taxes. 

Tentative Price-Administrative Relationships 

The usual procedure in establishing the highway user structure involves the calcu
lation of a " b i l l " (cost responsibility) f o r the motoriat. Once cost responsibility is 
calculated, various taxes and tax rates are adjusted so that this amount is collected 
f r o m each user. In attempting to administer the system of highway finance without t o l l 
gates, one may take advantage of any fortuitous relationships that w i l l fur ther his pur
pose. The ensuing discussion suggests two possible price-administrative relationships 
that do not have as strong a foundation as the design-cost and cost-price relationships. 
Nevertheless, the relationships that shall be suggested appear to have enough validity 
to qualify as tentative hypotheses awaiting empirical ver i f icat ion. The two price-ad
ministrative hypotheses are: 

1. If there is but one weight class of vehicle, a single price f o r the use of both 
pr imary and secondary systems is more likely to conform to marginal cost principles 
than to f u l l or average cost principles, that i s , cost responsibility. 

2. Gasoline consumption provides as adequate a measure f o r pr ic ing in accordance 
with capacity util ized as can be had without the use of to l l gates or elaborate reporting 
devices. 

To evaluate the f i r s t hypothesis one may recall the two pr ic ing c r i t e r ia established 
in the cost-price section. These are: (a) Marginal cost on the pr imary system is 
determined by unit program cost, and (b) marginal cost on the secondary system is 
determined by unit maintenance cost. Unit program cost on the secondary system is 
considerably above unit program cost on the p r imary system. However, average main
tenance cost on the secondary system is considerably below unit program cost of the 
secondary system. Thus, unit program cost on the pr imary system may have a closer 
relationship to unit maintenance cost on the secondary system than to unit program cost 
on the secondary system. If one translates theoretical cost curves into metaphor, this 
involves saying that the marginal cost of a small plant operating with excess capacity 
is l ikely to have a closer relationship to the marginal cost of an optimally operating 
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large plant than the average cost of the small plant has to the average cost of the large 
plant. This relationship assumes that average cost declines over the range embracing 
the small and large plants. A graphical demonstration is not necessary to grasp the 
nature of the relationship between the average and marginal costs of small and large 
plants operating under conditions which involve a large proportion of f ixed costs. This 
possible relationship between the two marginal costs provides a means fo r rationalizing 
the administrative problem. If i t is hypothesized on the basis of the possible relation
ships described above that the two marginal costs are roughly equal, i t follows that a 
single price can be charged f o r both pr imary and secondary roads m the absence of 
heavy axle loads. 

The second hypothesis is suggested by a proposal set fo r th by Leland James ( 2 0 ) . 
Although James' figures and theory have been questioned {20), no one appears to have 
disputed the existence of the gasoline consumption-capacity uti l ized relationship. A 
comparison of relative gasoline consumption and space occupancy ratios indicates that 
this relationship might have considerable validi ty. An empirical test is not attempted 
in this paper, although the design fo r such a test involves no diff icul t ies . In order to 
demonstrate the possibilities, i t shall be adopted as an hypothesis f o r administrative 
purposes. In addition to providing another possible tool for marginal cost pricing, 
gasoline consumption makes possible a significant analytical short-cut. If the relation
ship between gasoline consumption and capacity ut i l ized were "perfect", the common 
(geometric) cost of pr imary roads would not have to be apportioned directly among 
vehicles. Af te r special pavement cost is assigned, the task would be completed by 
establishing a gasoline tax rate such that gasoline tax "earnings" on the pr imary system 
would cover its common cost. It seems that there is a good possibility of achieving two 
ends in one maneuver: (a) Establish marginal cost rates and (b) obviate the calculation 
of total cost responsibility fo r each vehicle. Only special cost responsibility would have 
be to calculated. Moreover, if marginal pavement cost is presumed to be zero (because 
of " inf in i te" load bearing capacity), the problem resolves itself into the determination 
of a gasoline tax and the establishment of a system f o r recovering losses through lump 
sum taxes. 

SUMMARY OF TENTATIVE RELATIONSHIPS 

It is now possible to bring the relationships that have been developed into a complete, 
albeit speculative, system of highway finance and administration. The more important 
relationships are: 

A . Design-Cost Relationships 

1. Changes in geometric design create measurable marginal costs. 
2. Changes in pavement thickness create special cost. 
3. The pavement structure (but not the geometry) of the secondary system is 

equivalent to the pavement structure of the f i r s t increment of the p r imary system. 

B . Cost-Price Relationships 

1. Price should be established at the marginal cost level. 
2. Common (geometric) cost may or may not be significant to highway pricing de

pending on the amount of capacity available, (a) If there is under-utilization, the 
economic cost of providing additional service is below the design-cost of providing 
additional capacity. Maintenance cost represraits a reasonable approximation of marginal 
cost, (b) If there is f u l l util ization the economic cost of providing additional service 
is at least equal to the design-cost of providing additional capacity. Program cost is a 
reasonable approximation of marginal cost f o r applied purposes. 

3. Marginal cost of special pavement structure may be either zero or some positive 
quantity depending on the l imi t s of engineering design. 

4. Losses due to marginal cost pr ic ing must be recovered f r o m users in the f o r m of 
lump sum taxes not to exceed the value of service. 
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C. Price Administrative 
1. If there is but one class of vehicle, a single price charged f o r the use of both 

(pr imary and secondary) faci l i t ies is more l ikely to conform to marginal cost standards 
than to f u l l or average cost standards. 

2. Gasoline consumption provides as adequate a measure fo r pricing in accordance 
with capacity util ized as can be had without the use of to l l gates or elaborate reporting 
devices. 

I t is important to note that the relationships are integrated. Highway design, price 
theory, and financial administration are now parts of a single model. The three sets 
of relationships described above may be arranged in whatever manner appears to suit 
the institutional fabric and may be extended, refined and validated through further re 
search and testing. It is f e l t that they represent a reasonable application of an abstrac
tion, the marginal cost principle, to highway design, highway pricing and highway ad
ministrat ion. In order to demonstrate a possible application of these relationships, 
a provisional synthesis is offered. 

A SYNTHETIC SYSTEM OF HIGHWAY FINANCE 

Assume at the outset that special pavement cost, along with the axle loads to which 
i t applies, i s isolated ( A 2 ) . (Notations refer to the relationships described in the p re -
ceeding outline.) Now, the pavements of p r imary and secondary systems are structur
ally equivalent ( A 3 ) . Uniform rates established at the marginal cost of the pr imary 
system w i l l result roughly in marginal cost prices on the secondary system ( C I ) . Now, 
set the gasoline tax rate so that "earnings" on the p r imary system cover the common 
cost of the pr imary system (C2) . The result is approximate marginal cost prices on 
a l l systems. 

Gasoline tax earnings on the p r imary system w i l l cover a l l but special pavement 
costs of the p r imary system. Gasoline tax earnings on the secondary system may cover 
maintenance costs but this is not assured. If the pr imary road system is congested, 
"prof i t s" w i l l be earned at the established gasoline tax rate. If highways are provided 
under long-run increasing cost conditions, revenue yielded at the established rate may 
prove inadequate fo r optimal expansion. In this event, (a) the gasoline tax rate w i l l 
have to be raised or (b) "intolerable" conditions may persist unt i l an adequate surplus 
is accumulated. If there is persistent excess capacity on the pr imary system, losses 
w i l l occur and the plant must be contracted. Secondary roads w i l l incur losses because 
of permanent excess capacity. The amount of secondary road losses w i l l be the d i f f e r 
ence between secondary road program cost and secondary road gasoline tax earnings. 
Such losses w i l l be large or small depending on the amount of excess capacity. Where 
marginal cost i s lowest, the losses w i l l be greatest. 

Regardless of the specific conditions under which they arise, losses due to conform
ance with the marginal cost standard call fo r lump sum taxes levied on the user. These 
taxes cannot exceed value-of-service or the direct benefits accruing to the user. A l 
though any lump sum tax may qualify f o r this purpose, license taxes are indicated. 
Their imposition would not interfere greatly with use and they cannot exceed value of 
service because they are voluntarily purchased. Since p r imary roads tend to operate 
under optimal or congested conditions, losses w i l l be incurred on secondary roads where 
excess capacity is prevalent. Therefore, the license tax on light vehicles may be re 
served f o r secondary road purposes. 

Special pavement costs must now be considered. In this simplif ied system, such 
costs are incurred on the p r imary system. The current state of engineering knowledge 
indicates that the marginal cost of pavement is either zero or some positive quantity. 
If marginal pavement cost is presumed to be zero, additional lump sum taxes may be 
imposed on appropriate vehicle weight classes. If marginal pavement cost is positive, 
axle-mile or other third-structure taxes may be indicated. I t is possible that a com
bination of lump sum and th i rd structure taxes may be required. To a large extent a 
specific solution to this problem depends on the state of engineering knowledge and on 
administrative and jurisdictional considerations. To summarize this synthetic system: 
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Pr imary road finance relies on gasoline taxes levied on the assumption that a l l vehicles 
are of the lowest weight class and on lump sum and/or third-structure taxes designed 
to recover special pavement cost imposed by heavier vehicles. Secondary road finance 
relies on gasoline tax earnings fo r a l l or a portion of maintenance expense and on local 
license taxes on light vehicles in order to recover the balance. 

SOME SPECULATIONS RELATIVE TO HIGHWAY FINANQAL POLICY 

Assuming that the basic relationships on which the model rests bear the scrutiny of 
students and administrators, i t is interesting to consider some of the possible impl ica
tions to public policy. If the direct benefits to users exceed the cost of the highway pro
gram, a "user pay a l l " policy can be established. Surpluses, rents and other windfalls 
may be considered by those responsible f o r justice or equity in the tax system as a 
whole. However, as a practical matter the highway analyst may have to make the value 
judgment concerning the appropriation and disposition of these surpluses. If the direct 
benefits accruing to users do not exceed the cost of a given program, payments establish
ed on the basis of the foregoing principles w i l l not cover cost. This does not imply that 
the highway system is overexpanded. However, the highway program w i l l have to be r e 
viewed in the light of the indirect benefits which may have played a role in the investment 
decision, but which have not yet played a role in the financial structure. Appropriate 
non-user taxes to cover the "losses" due to "social" expansion of the plant may be de
termined in accordance with the theory of joint demand presented at an earlier point. 
An appropriately determined non-user share results in an adjustment of user taxes to 
a level below marginal cost. To economic theorists this represents the adjustment for 
"external economies" or social value. In this wr i te r ' s opinion this adjustment would be 
minimal . 

The motorist or truck operator probably w i l l pay a higher price because the bulk of 
the present non-user share has been eliminated. However, the non-user funds released 
would be available to finance other governmental programs of a more "general" nature. 
It is possible that the present non-user share which is devoted p r imar i l y to secondary 
roads w i l l be roughly equivalent to any increase in gasoline or license tax revenue for 
secondary road purposes. Secondary road users might simply trade one f o r m of tax 
f o r another. This study may lead only to a rearrangement of administrative relation
ships, especially those having to do with the jurisdictional distribution of centrally 
collected funds. The validity of such a rearrangement ultimately rests on factors other 
than those with which this paper is concerned. On the other hand, i f the present non-
user share has led, on one way or another, to a distortion of the pr imary or commercial 
rate structure, there is a possibility that the present allocation of resources is i n e f f i 
cient. This raises again the questions of the proper level of commercial truck rates and 
the propriety of uti l izing rents, windfalls, and surpluses f o r highway purposes. Because 
such surpluses appear to have been restr icted to secondary road finance, i t i s l ike ly that 
the impact on the commercial rate structure may have been minimal . 

Although some exceptions have been made to the analyses, procedures and techniques 
that are employed in the establishment of the highway user tax structure, i t appears that 
the highway user tax structure has survived and remains a powerful tool f o r the attain
ment of economic efficiency. I t is reasonable to agree with Zettel (_4) that: "When we 
consider that user taxation was conceived in expediency, born of necessity and nurtured 
of poli t ics, i t is surprising that the offspring is as healthy and works as well as i t does 
to serve sound economic objectives. " The chief concern, however, is not with the de
cisions that have been made in the past, but with those that are about to be made f o r the 
fu ture . A vastly expanded Federal Highway Program has been inaugurated. The means 
f o r the financing of this program are s t i l l tentative. The Congress and students of high
way problems are now awaiting completion of studies undertaken by the Bureau of Public 
Roads. This w i l l represent the th i rd federal study of highway problems, and like the 
Coordinator's Report, probably w i l l establish a nation-wide pattern for a host of state 
and local investigations. The concressional request f o r investigation and research is 
broad enough to allow f o r either a benefits-received or pricing approach to highway prob
lems. If one reads between the lines of the F i r s t Progress Report of the Bureau of Public 



48 

Roads, i t is possible to distinguish some disenchantment with the benefits-received 
approach and a renewed interest in economic efficiency. The decisions now being 
made w i l l have an important bearing on the possibilities for the attainment of economic 
efficiency in the highway user tax structure. 
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