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Annual Vehicle Taxation Policies in Europe: 

and Who Loses from Change? 

Who Gains 

STEVE COUSINS AND STEPHEN POTTER 

Annual vehicle taxes c.1n bo ,eplocod by ta1<e1 on fuol. This may ho d&silablo 
for onorgy or uansport policy purposes. Tho effects of this abolition option 
aro e1<amlned (a) between Into rest groups in • singlo nalion and (b) between 
member nations of the European Economic Community (EEC). In the Unitod 
Kingdom, rural motorisu claimed they would be disadvantaged by such a 
change. Uso of the United Kingdom National Travel Survey showed that they 
would benefit or show no change In total tax paid . In lhe United Kingdom, 
60 percent of now car purchases are made by companies. The cars purchased 
by companies are larger than privately purchased now cars and e1<hibit-high 
annual mileages. Abolition of annual vehicle taxes would increase the taxation 
of company cars. In tho EEC countries, abolition of annual taxes would ro· 
suit In more fuel tax paid by Iorgo, vehicles in lhe United Kingdom and Ireland; 
about the samo level of tax in Denmark, Holland, and Germany ; and loss tax 
in frMce, Bolglum, and Italy. The different annual automobile taxes provide 
somo nontnrlff protection of national car manufacturing industries. A mi1< 
of higher fuel taxes, hfghor initlal purchase taxes, and improved consumer in· 
formation is recommended if annual automobile t.axes a.re abolished in the EEC 
for reasons of onergy and transpon policy . 

In the aftermath of the 1973-1974 oil crisis, 
several European studies (l-!) have examined the 
role of vehicle taxation in promoting energy-effi­
cient transportation. Traditionally, vehicle taxa­
tion has been used primarily as an instrument of 
fiscal, industrial, and economic policy rather than 
transport policy. Vehicle taxes are general taxes 
that are levied from the transport sector. Of ne­
cessity, any use of vehicle taxation for transport 
policy purposes must influence these other policy 
areas. 

There are three main types of vehicle taxes 
levied by European Economic Community (EEC) govern­
ments--purchase tax, a single tax on the initial 
purchase of an automobile; annual vehicle license 
tax, an ownership tax that, although it may vary 
with vehicle weight or engine size, remains constant 
however much that vehicle is used; and fuel tax, 
which of course is very much related to the ve­
hicle's use and its fuel efficiency. 

In recent years, an increasing concern with 
e nergy conservation and a shift in transport policy 
toward recognizing the social effects of high auto­
mobile use have led a number of European countries 
to question the validity of the annual vehic1.e li­
cense system. 

For example, in Britain all owners 
automobiles pay the same license fee. 
1 i ttle to encourage the development of 
cient vehicles and does not reflect the 
vehicle makes of the road system. 

of private 
This does 
fuel-effi­

use that a 

One possible change is the abolition of the an­
nual veh i cle license and its replacement by a vari­
able tax , such as a tax on fuel. This option has 
been extensively debated in B'ritain (5), in tbe 
Netherlands (4), and for the EEC as a wh;j_e (1), In 
this paper w; examine the transport goals to which 
changed taxation could contribute. We then examine 
the likely effects that such a use of transport 
taxes would have on different groups with in a 
country and how different national interests are af­
fected within the EEC. 

BRITISH CASE STUDY 

The British annual vehicle license system, vehicle 
excise duty (VED), is the only system in Europe in 

which all automobiles pay a fixed tax. Originally 
Britain had a graduated fiscal horsepower license, 
but this was replaced by the fixed-rate system in 
1948. The major reason for this was to encourage 
the sale of large-engine automobiles, thus providing 
British manufacturers w.ith a domestic market base on 
which exports to the United States and Australia 
could be built (§_). 

By the late 1970s the basis of this particular 
industrial policy had changed, and in 1978 it was 
proposed that the automobile license be abolished 
and the lost revenue be made up by an additional 
fuel tax. Five major reasons were cited by the De­
partm·ent of Transport (l): 

1. Reduction in tax evasion, estimated to cost 
£50 000 to £63 000 annually; 

2. Fairer basis (with the tax shifted to fuel, 
larger automobiles would pay more than small automo­
biles; also, it was known that higher-income house­
holds drive more and own larger vehicles, so this 
would produce a progressive tax system); 

3. Administrative savings; 
4. Energy conservation (the marginal nature of 

fuel tax would aid energy conservation and encourage 
the use and production of fuel-efficient vehicles); 
and 

5. Change in transport policy--the shift to a 
totally marginal tax system would make people more 
aware of the real automobile costs relative to al­
ternative transport modes. 

The net effect of this proposal would have resulted 
in the amount of tax paid being directly propor­
tioned to fuel used. This is a function of vehicle 
consumption rates and distance driven, as Table 1 
shows. 

PUBLIC REACTION 

Th is proposal met with considerable resistance from 
the British Press and Parliament. Both were con­
cerned with the distributional effects of such a 
change. It was seen as a move that would shift the 
burden of taxation from urban areas, where automo­
bile mileages were perceived to be low, to the ruxal 
community, where automobile mileages were perceived 
to be high. The effects on low-.income groups in 
rural areas were emphasized. 

DISTRIBUTION OF COSTS AND BENEFITS 

In order to test the validity of such claims, we 
conducted a study into the distributional effects of 
the existing and proposed automobile tax systems by 
using the very detailed information available from 
Britain's 1975-1976 National Travel Survey. To our 
surprise, this government survey had not been used 
in preparing the tax-change proposals. 

There is a clear relationship between income and 
vehicle mileage, as Table 2 shows {1£ ... S2.02 (1976 
u.s. dollars)]. Under average motoring conditions, 
the "break-even" mileage between the two tax systems 
was estimated by the Department of Transport to be 
7500 miles (12 077 km) in urban areas but 10 000 
miles (16 108 km) in the countryside. The latter 
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Table 1. Index of fuel tax re­
placement of annual vehicle li­
cense for range of European 
automobiles. 

Index of Tax Existing 
Engine Paid Based Index of Overall Annual Ve-

Automobile Size on Fuel Avg Annual Index hicle License 
Type (cc) Consumption3 Mileagesb of Tax Index 

Citroen Dy ane 6 600 JOO 100 100 100 
Fiat 127 900 118 JOO 118 100 
BL Mini 1000 1000 118 110 119 100 
Renault 14 TL 1200 129 126 132 100 
VW Passant 1300 164 144 236 100 
Fiat 131 1600 180 144 259 100 
BMW 320 2000 221 161 356 100 
Mercedes 280 2800 267 161 430 100 

8E£C Commission Interim Report (1 ). 
bN ational Travel Survey, 1975-1976 (mileoge and engine-size data from unpublished tables). 

Table 2. Distribution of annual 
Annual Household Income (r) vehicle mileage in Britain by in-

come of household. Annual 0 < 1250 < 2000 < 3000 < 4000 < 6000 < 7500 < 
Mileage 1250 2000 3000 4000 6000 7500 JO 000 JO 000 + All 
(miles) N=241 N=520 N=1252 N=J424 N=2765 N=964 N=645 N=362 N=8173 

Under 3000 38 19 15 14 II 8 8 5 13 
3000 < 5000 18 25 15 14 11 II 10 12 13 
5000 < 7000 20 22 21 19 18 18 15 19 19 
7000 < 9000 7 JO 12 12 14 14 12 II 13 
9000 < IO 000 3 2 3 3 3 3 5 3 3 
10 000 < 12 000 5 9 13 14 15 16 18 14 14 
12 000 < 18 000 8 9 13 16 18 21 20 22 17 
18 000 < 25 000 I I 5 5 5 5 7 7 5 
25 000 < 35 000 I 2 2 3 4 3 3 6 3 
35 000 < 50 000 I I 2 I 
50 000 + I 

Notes: In 1h i, 1oblo nlono nll vchlcle:i, lndudfnac motorc)'olw. , -,ro Included, JincCI lhi!! 1u~c-llnntc pro1,o;.,ail would arfecc all V O,p11yJ111 
whlc.Jci; ln ,-11t~e,1i.11::nt tflble.s. only :auromohHcs nre na.Juded.1inc11 lhclr u&o It 1he man ro c1iJ 0 1' U1U. , tody. I mlle :a:: 1.6 km! 
I £ = $2 .02. 
Data are fro m National Travel Survey, 1975-1976. 

reflects better fuel consumption on uncon- gested 
rural roads. Those who travel in excess of this 
figure would pay more if VED were replaced by fuel 
tax, and those driving less would gai n. This 
indicates that the change to an all-fuel tax system 
would shift the burden of taxation onto higher-in­
come groups and so make automobile taxes more pro­
gressive. 

The fact that lower-income households would pay 
less overall tax does not deal with the rural/urban 
argument, in part icular the argument that there are 
low-income rural motorists forced to drive higher 
mileages. But in actual fact, according to the Na­
tional Travel Survey, the differences between aver­
age urban and rural automobile mileages are remark­
ably small, as shown below {"ru.ral " is defined as 
households in settlements with populations of less 
than 3000; 1 mile= 1.6 km): 

Milea9e (miles) 
Area Urban Rural 
England 8 900 9 500 
Wales 9 700 10 600 
Scotland 10 400 10 100 
Great 9 400 10 000 

Britain 

Given a similar pattern of vehicle performance 
and fuel consumption, this 9 percent higher mileage 
would represent a shift in taxation to rural areas 
of a comparable magnitude, But fuel-consumption 
rates are not the same. In rural areas, Department 
of Transport road tests have estimated fuel consump­
tion to be up to 25 percent better than in urban 
areas, due to lack of congestion. Hence, rather 
than representing a shift in taxation from urban to 
rural areas, the reverse is more likely. 

TRANSPORT AND ENERGY POLICY 

The transport and energy policy inputs in the pro­
posal to abolish the automobile license reflected an 
increasing concern for trends in transport energy 
use and for the social effects that high car use was 
causing via the associated decline in public trans­
port provision. 

An important influence on such a transport and 
energy policy is the use of company automobiles. 
These are vehicles that are purchased by the company 
for an employee and are then available for the em­
ployee's normal household travel. It should be 
noted that usually these vehicles are not given to 
the employee because of high mileage driven in the 
course of work but as an addition to a salary. Al­
though the use of company automobiles is greatest in 
the United Kingdom, it is also growing in other EEC 
countries. 

Over the last eight years, companies have rapidly 
increased their share of the new-automobile market 
and now account for more than 60 percent of all ve­
hicles sold in the United Kingdom. They have a ma­
jor influence on the vehicle stock. As shown below, 
the type of vehicle purchased by companies and that 
purchased by private individuals are very different 
according to a Department of Transport unpublished 
1979 analysis of registration documents: 

Engine Size Percent of Total 
(cc) Com12any Private 
Up to 1200 11.3 29.5 
1200-1500 28.5 33.9 
1500-1800 28.6 18.1 
1800-2200 17.6 10.8 
2200-3000 11.1 4.3 
3000+ 2,9 1.4 

-... 
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Average engine size of company cars is 1650 cc and 
that of private cars is 1390 cc. 

Sixty percent of company car purchases have en­
gines larger than 1.5 L, whereas only 37 percent of 
private car purchases are larger than this size. 
Company vehicles also cover higher annual mileages 
and, taken together, this means that although the 
shift in taxation between rural and urban areas 
would be minimal, the abolition of annual automobile 
tax would have resulted in a large shift in taxation 
from private individuals to the commercial sector. 

Th i s proved to be a n important fac to r in decid ing 
the fa te of the a utomobile t ax r efo rm proposal, for 
in May 1979 the Conservative Party , unde r Pr ime 
Minister Marga ret Thatcher, came into power with a 
policy to i mprove business incentives and lower 
taxation. In November 1979, the Minister of Trans­
port announced that the existing automobile license 
system was to be retained (_!!): 

We have carefully considered the arguments for 
and against abolishing excise duty on petrol­
driven vehicles and replacing it by increased 
petrol taxation. But we have concluded that the 
case is not sufficiently s trong to justify this 
major change. We were par t i cularly concerned 
that aboli tion woul d place too big a share of the 
burden of motori ng taxation on h i gh mileage rural 
motori sts and e ssenti a l busines s users. 

The cited reasons show the influences behind this 
dec ision. The wi despread be lief among rural motor­
ist s that they would be disadva nt aged by th is tax 
change had litt le basis in real.ity , But a percep­
tion or a bel i e f , howeve r i nacc urate i t may be , can 
still be a n impor t ant poli t ical i nfluence. 

The a bove quota tion also indicated the way in 
which transport a·nd energy policy became subservient 
to f i scal policy. In terms of equity , income dis­
tribution, and transport or energy policy, there are 
no reasons why companies should not pay more taxes. 
They use the roads more and impose on other motor­
ists a cos tly , high-fue l - c onsuming t ype of au t omo­
bi l e. Yet the gene ral de s i re. t o r educe company 
taxe s led t o t he re t e ntion of the f i xed a nnual t ax. 
For much the same reason , t he alte rnati ve o f retu rn­
i ng to the g r adua ted a utomobile license system ap­
pears not to have been considered. 

In Britain it appear s that transport taxation is 
still a branch of general fiscal policy. A coherent 
policy on transport taxes, reflecting transport and 
energy goals, has yet to develop. 

COMPARISON BETWEEN EEC NATIONS 

All EEC nations, with the exception of the United 

Table 3. EEC automobile annual license taxation systems. 

3 

Kingdom and Ireland, have an annual vehicle license 
system that is related to vehicle size. In Germany 
and Luxembourg, engine cylinder capacity determines 
the tax; in Belgium, France, and Italy there is a 
fiscal horsepowe r ra ti ng system. Ireland had a pro­
gressive fiscal horsepower tax until 1977 when an­
nual tax was abolished for all but the largest cate­
gory, 16-hp, and an annual . registration fee was in­
troduced. Only 1.5 percent of vehicles are of 16 hp 
or more and the annual registration fee has since 
been inc reas ed substantially . Thus for 98.5 percent 
of its c a r s , Ireland may be grouped with the United 
Kingdom as having a fixed tax sys tem. Incidentally, 
no addi tional fuel tax accompanied the Irish aboli­
tion of the vehicle license in 1977. This was a 
tax-reduction measure designed to benefit higher-in­
come groups. 

Table 3 shows t he ra ng e o f tax paid acco r di ng t o 
the va rious vehi cle lic ense systems i n Europe . 
There i s a g r eat variety in t he ra te of progres sion , 
from a ratio over th i s r ange of 1: l in Br i t ain t o 
nearly 20 : l in Italy. For the Bri tish pattern of 
veh i c le use , a fuel-tax replacement would prod uce a 
l evel of progresslon rough ly halfway along this 
European l eague. 

The abolition of the annual vehicle tax and its 
replacement by a fuel ta.!( woul d have radi cally dif­
ferent effects i n member countr i es . From Table 3, 
three groups of nations can be disting uished in 
which there would be similar socioeconomic and 
energy conservation effects: 

Group l: In the United Kingdom and Ireland, the 
tax change wou ld be progress i ve: higher-income 
highe r-fue l consumers would pay mo r e, as was dis­
cussed in the previous section for the United King­
dom. 

Group 2: In a second group, made up of Denmark, 
the Netherlands, and Germany, there would be little 
change in the distribution of taxation if annual li­
censes were abolished. This assumption does depend, 
however, on the positive relationship between the 
engine size of a vehicle and its annual miieage (see 
Table 1) . Since little cha nge is likely i n the 
total taxat ion of veh i c les of different s i zes, un­
like the case in the United Kingdom, the decision to 
adopt the change must be based purely on the merits 
of taxation of use versus taxation of ownership and 
t he eff ec ts of this on ene rgy a nd transport policy. 
The intr ins.ic impor tance of s uch a c hange in the 
me thod o f taxation is discussed later . 

Group 3: The third group of nations--Fra nce , 
Belg ium, a nd Italy--would recei ve a conside r able 
stimulus to the purchase of larger, less fuel-effi­
cient vehicles if a nnua.l taxes we re replaced by a 
f uel t ax. This c ha nge would also favo r high- i ncome 
g roups r ather. t han low-i ncome g roups . 

Index of Vehicle License Tax Paidb 

Fuel Unladen Engine United 
Automobile Consumption Weight Capacity King- Ireland Den- Nether- Ireland 
Type (L/100 km) (kg) (cc)3 dom (1978+) mark lands Germany (to 1977) France 

Citroen Dyane 6 6.1 600 600 100 100 lOO {00 100 100 100 
Fiat 127 7.2 705 900 100 100 120 120 150 190 160 
BL Mini 1000 7.2 615 1000 100 100 120 120 l?O 210 160 
Renault 14 TL 8.0 865 1200 100 JOO 170 170 200 255 160 
VW Passant 10.0 885 ]300 100 JOO 170 170 210 255 160 
Fiat 131 11.0 965 1600 100 JOO 170 200 260 380 400 
BMW 320 13.5 1115 2000 100 100 170 240 330 460 400 
Mercedes 280 16.3 1455 2800 100 780 290 340 460 690 690 

No cc: 0110 uo from EEC Commission In terim Report(!); information on Ireland from B.P. Fdm:y (2); l L -== 0.264 gal; 1 km = 0.6 mile; J kg= 2.2 lb . 
8Porcent11Jc or now registradon under 1000 cc: UK. 11; Germany, 10; Ireland (to 1977), I B; f•"r,mec , 26; Italy, SJ . 
boyano. 6 = 1 oo. 

Proposed 
Bel- UK Fuel-
gium Italy Tax Index 

100 JOO 
120 190 118 
180 190 119 
230 340 132 
230 390 236 
340 570 259 
520 800 356 
990 1960 430 
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Another way in which EEC countries have different 
interests is in the distribution of automobile manu­
facturers (1>• The number of automobiles manu­
factured and assembled in the EEC in 1977 is dis-
tributed among the EEC countries as follows: 

Automobiles (OOOs) 
Country Manufactured Assembled 
Germany 3.796 0 
France 3.559 0 
Italy 1. 440 0 
United Kingdom 1.316 0 
Belgium 0 1.013 
Netherlands 53 15 
Ireland 0 50 
Denmark 0 0 
Luxembourg 0 0 

The risk that energy conservation measures will 
depress the European automobile industry, though 
valid, is a concern that is very differently shared 
between the producer and nonproduce.r nations. In 
the United Kingdom, the 30 percent rise i n i::eal fuel 
cost over the period 1973-1975 was associated with a 
25 pe-rcent fall in ne~vehicle purchases. Automo­
biles i n their first two years of life have high an­
nual mileage--15 000 miles ( 24 000 km) --compared 
with 7000 miles (11 200 km) average for t he rest of 
the vehicle ' s life (10) . The refore, transferring the 
annual tax to petrol will result i n a real increase 
in motoring costs for those oper-ati ng ne.w vehicles , 
which would thus lead to fewer new a u tomobi l e sales 
according to Mogridge's model (1977) (_!1). 

There are also significant differences among the 
interests of the producer countries themselves. 
Simply removing the annual tax would cause grave 
problems for the French and Italian car industries, 
which specialize in the production of s mall ve­
hicles . The highly progressive annual vehicle taxes 
in these two countries favor their own national car 
i ndustries a nd so create some protection for domes­
tic markets. 

The German industry would appear to be little af­
fected by such a change, since it has already suc­
ceeded in se lling domestically produced large 
vehicles in spite of the existing progressive annual 
tax system. Factors such as a well-developed free­
way system a nd the high per capita gross national 
product are probably celevant to the choice of large 
vehicles in Germany. 

One avenue not yet explored in the studies of 
European vehicle taxation is to replace the highly 
progress ive annual taxes in France and Italy by a 
fuel or use tax coupled with a progressive purchase 
tax. This would maintain the incentive to buy small 
(domestically produced) vehicles and maintain the 
current distribution of wealth and also allow some 
increased taxation of vehicle use rather than owner­
ship. Member nations could substantially increase 
purchase taxes before reaching Denmark 's current 
level, but automobile producers a r e likely to be op­
posed to such a policy. Purchase taxes as a per­
centage of pretax retail price are as follows ( 12) 
(those for the Netherlands and Denmark depend -;;n 
price): 

Country 
Luxembourg 
Germany 
United Kingdom 
Belgium 
France 
Ireland 
Italy 
Netherlands 
Denmark 

Tax (% of re·ai l price) 
10 
13 
24.6 
25 
33.3 
18 
18 
40-50 

150-234 
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Thus for the United Kingdom and Ireland, the 
aboli tlon of a nnual fixed vehicle taxes would be a 
progress i ve economic and energy-conservation mea­
sure. The abolition of progressive annual vehicle 
taxes in GeC"many, the Netherlands, and Denmark re­
mains valid only if the policy of replacing annual 
~y use-related taxes C"eally does achieve energy 
savings . For those countries with high progressive 
annual ·taxe s , a part al remova is possi ble if 
coupled with an i ncreased fuel tax . Total C"e.moval of 
the annual tax could be justified if it were coupled 
with both an increased fuel tax and an increased 
purchase tax to ensure the continuation of their 
highly progressive taxation system. 

USER PERCEPTION OF AUTOMOBILE COSTS 

Automobile running costs are not accurately per­
ceived by the vehicle user (Jl). This contrasts 
with other use charges relevant to automobile users, 
such as car-park charges , road tolls, and public 
transport fares. These direct payments are clearly 
perceived . Metcalf (13) concluded that although of 
all running costs fuel is the only commonly per­
cei ved expenditure, money was twice as easily spent 
on fuel as on the direct expenditures. 

So , for example , someone might use 20 pence worth 
of fue.1 to avoid a 10-pence parking charge. The 
mechanism that Metcalf proposed to account for this 
was that the driver does not normally perceive the 
cost of travel and so does not rationally compare 
the parking and driving options. (The driver is 
thus short of important information.) Dix and Good­
win !il have shown that private motorists are pre­
cisely aware of the annual tax rate for their ve­
hicle but have an i naccurate perception of the auto­
mobile ' s running costs per mile. Given this, 
shifting l:ai<ation from an accurately perceived cost 
(annual vehicle tax) to a poorly perceived cost 
(running costs and fuel) may nullify the energy and 
transpoct policy gains anticipated. Indeed, Dix a nd 
Goodwin consider that chang_es in the type of ve­
hicles purchased might offset fuel savings, given 
the low short-term price elasticity in the United 
Kingdom (-O.l to 0.15), although they consider the 
long-term elasticities to be higher (approaching 
-1.0). 

Because of the problems of user perception of ve­
hicle running costs and the comparative clarity of 
annual taxes, one approach is to try to overcome the 
lack of infor-mation that motorists have about run­
ning costs . Metcalf proposes the use of electronic 
travel cost meters on automobile dashboards, an in­
novation that is already available in some new ve­
hicles. A similar approach, that of providing im­
proved consumer information , can be made at the 
point of sale of new vehicles. EEC countries re­
quire new automobiles to display mile-per-gallon 
data based on a standard urban driving cycle and for 
cruising at 56 and 70 mph (90 and 110 km/h). This 
requirement could be extended to express tota l an­
nual fuel costs (includ ing the fuel-tax element) 
derived from national average mileages. This would 
aid the perception of annual costs in a way similar 
to the annual license for each vehicle type. How­
ever, these would not be e xac tly equivalent since 
the prospect of spending such a s um on fuel is not 
the same as an i mmediate payment, even though the 
former may be larger. 

CONCLUSION 

The EEC member countries could shift all or part of 
their annual vehicle license taxation to taxes on 
fuel without regressive changes in the distribution 
of wealth. Such a measure holds the prospect of 
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achieving energy conservation and beneficial effects 
for the promotion of coordinated transport poli­
cies. However, the implementation of such a policy 
is complex, given motorist perceptions and the wide 
range of existing vehicle license systems and na­
tional car stocks. 

In the United Kingdom and Ireland, the abolition 
of the flat-rate annual license and a return to a 
progressive system, be it related to engine size or 
a fuel tax, would certainly be beneficial, but for 
other countries the choice between a fuel tax and a 
graduated vehicle license is less clear and very 
much depends on a motorist's perception of costs and 
the way in which improved consumer information may 
supplement it. 

The Dutch are currently considering the abolition 
of their annual vehicle license and its replacement 
by an increased fuel tax. If it proceeds, this 
should provide important evidence as to the role and 
potency of transport taxation in transport and 
energy policies. The value of consumer information 
innovations in conjunction with this taxation issue 
merits further investigation. 
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Subsidies in Oregon Highway Transportation 
MILAN KRUKAR,JOHN MERRISS, AND LOYD HENION 

Subsidies have been identified in Oregon highway transportation since the 
first cost-responsibility study was done in 1937. The 1980 Oregon Motor Ve­
hicle Cost-Responsibilily Study ldantlfied si milar equity problems. Tha lack 
of adequate highway i unds makes it imperntivo that they be spont optimally 
and that a ll road userJ pay for their responsibility. In t imes of scarcity, 
favored groups cnn no longer be subsidized a t tho expense of others. Tho pur­
pose of this paper is to examine tho ox rent of subsidies inherent in Oregon's 
existing road usor tax schedules. These subsidi"s aro calculated on the basis 
of tho tnx schedules and recommendations developed from the 1980 Oregon 
Motor Vehicle Cost-Responsibility Study. Tho existing subsidies are compared 
with 1hose found in tho 1963 and 1974 Oregon cost-responsibility studies. 

Subsidies have been identified in Oregon highway 
transportation since the first cost-responsibility 
study was done in 1937 (!). The 1980 Oregon Motor 
Vehicle Cost-Responsibility Study (2) has identified 
similar equity problems. The lack ;;-f adequate high­
way funds makes it imperative that they be spent 
optimally and that all road users pay for their 
responsibility. In times of scarcity, favored 
groups can no longer be subsidized at the expense of 
others. 

The purpose of this paper is to examine the ex­
tent of subsidies inherent in Oregon's existing road 
user tax schedules. These subsidies are calculated 
on the bas is of the tax schedules and recommenda-

tions developed from the 1980 Oregon Motor Vehicle 
Cost-Responsibility Study. The existing subsidies 
are compared with those found in the 1963 and 1974 
Oregon cost-responsibility studies (1,il· 

OREGON COST-RESPONSIBILITY STUDIES 

Background 

The State of Oregon has long been a leader in apply­
ing cost responsibility to road user taxation. The 
1980 study is in the trad ition of previous Oregon 
studies that date back to 1937 (l-Il. The use of 
the modern incremental approach in Oregon for allo­
cating certain construction and maintenance costs 
started with the 1963 study (3) after the completion 
of the American Association of State Highway Offi­
cials (AASHO) Road Test. 

Since 1905, three principles have guided the 
development of Oregon's road user tax system. These 
are that (a) those who use the public roads should 
pay for them, (b) road users should pay in propor­
tion to the road user costs for which they are 
responsible, and (c) road user taxes should be used 
for constructing, improving, and maintaining the 
highways. Oregon has followed a pay-as-you-go phi­
losophy in paying for its highways (i). 
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Each of the Ocegon studies has addcessed the fol­
lowing questions: 

l, Is there equity among road user classes and 
especially among the tcuck classes? 

2. If there is inequity, how should the current 
highway tax structure be modified to cectify it? 

3. What level of taxation is necessacy to pee­
serve the state's investment in highways and how 
should this tax burden be distributed among road 
users? 

Expenditures Vecsus Costs Approach 

Should cost-allocation studies allocate costs or 
expenditures to the various user classes? Cost re­
spons ibility should be based on the true costs im­
posed on the highway system by road usei::s. Finances 
may be so limited that maintenance funds are insuf­
ficien t to prevent the h ighway system from deterio­
rating faster than it is being repaired. The unre­
pait'ed mileage represen ts costs that are borne by 
society in one form or another. They must i n fact 
be borne by current and future road users, either in 
the form of higher road user taxes to address the 
deferred maintenance or in the form of increased 
private costs for vehicle repairs and related oper­
a ting costs. 

Even though a particular budget may fall far 
short of meeting a true cost-responsibility funding 
level, the expenditures within that budget should be 
allocated on a fair and equitable basis. 

The 1980 study uses three expenditure levels, 
which range from a level based on existing road user 
tax rates to one that appcoximates the true costs of 
maintaining the existing system. This third expen­
diture level is defined as "the budget that includes 
sufficient road user taxes to: (1) adequately main­
tain the existing highway system at 'status quo' 
condition levels, (2) keep road capacity at an ac­
ceptable but slowly declining level of service, and 
(3) provide some highway improvements.• 

The preservation program assumes that system 
deficiencies will remain at present levels through­
out the next 10 years. The costs of postponed con­
struction and deferred maintenance are not in­
cluded. This budget level is based on costs 
identified in the 1981 State Highway Preservation 
Study (2). 

Results from Cost-Responsibility Studies 

Distribution of Shares 

Comparing cost-responsibility studies for different 
time periods is difficult since the expenditures, 
conditions, and parameters are different. However, 
such comparisons do indicate changing trends that 
may be useful for future studies. 

Table l shows the expenditure responsibility 
distributions between basic and heavy vehicles in 
the 1963, 1974, and 1980 studies. As shown, the 
unadjusted heavy-vehicle responsibility shares for 
the current-expend iture-level budget are 38.5, 36,2, 
and 47.l percent for the 1963, 1974, and 1980 stud­
ies, respectively. After adjustments have been made 
for subsidies, these shares are reduced to 35.2, 
35.4, and 44.5 percent, respectively. For the 
preservation-level budget (budget 3 ), the unadjusted 
and adjusted responsibility shares for heavy vehi­
cles are 49. l percent and 46.0 percent, respectively. 

The principal explanation for th is s hift in re­
sponsibility toward heavier vehicles is that most of 
the additional funds in the preservation-level bud­
get are going into overlays and pavement maintenance 
projects that are weight-related and hence involve a 
greater heavy-vehicle responsibility . 
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Net Responsibility and User Charges 

1974 Study 

This study found that basic vehicles (i.e., all 
vehicles weighing 6000 lb or less) were essentially 
meeting their responsibility under the current­
expenditure-level budget. Adjustments were recom­
mended in truck wei,ght-mile rates to meet inequities 
as shown in Table 2 and Figure 1. The 1974 study 
recommended an increase in weight-mile tax rates for 
vehicles weighing between 6001 and 34 000 lb and a 
decrease in the rates applying to those vehicles 
registered between 34 001 and 76 000 lb. This 
recommendation was not adopted and the existing 
schedule remained in effect until 1977 when it was 
increased proportionally to match an increase of 2 
cents in the state fuel tax. 

1980 Study 

Budget l, the current expenditure level, totals 
$187 .3 million. Expenditures for construction and 
maintenance are $155 .5 million and maintenance ac­
counts for more than one-third. Priority is given 
to preserving rather than expanding the existing 
highway system. 

Table 3 shows the net responsibility and the 
recommended and existing weight-mile schedules in 
mills -per mile. Net responsibility is obtained 
after adjusting for payment of registration fees and 
the reallocat ion of subsidies given to farm and 
exempt vehicles. The net responsibility for the 
lightest veh icle class, the 0-6000-lb gross weight 
group (the basic veh icle) , is 4.312 mills/mile, 
wher eas the net responsibility of the gross weight 
group of 78 001 to 80 ~00 lb is 69.98_4 mills/mi~e. 

The net responsibility together with the existing 
and recommended weight-mile schedules are plotted in 
Figure 2. '!.'he net responsibility increases grad­
ually but irregularly from 52 000 to 74 000 lb and 
then increases rapidly from 74 000 lb up to approxi­
mately 86 000 lb. This occurs because axle weight 
is a more i mportant factor i n cost responsibility 
than gross weight for heavy trucks. Truck combina­
tions from 74 000 lb up to approximately 88 000 lb 
tend to use the heaviest allowable axle weights. 
The decline in responsibility for vehicles that 
weigh more than 88 000 lb gross weight reflects the 
fact that most of the vehicles operating in this 
weight range are double- and triple-trailer combina­
tions that have more than five axles. 

Budget 3, the preservation-level budget, repre­
sents the true costs of preserving Oregon's highway 
system. It represents the level of expenditures 
needed to do the necessary construction and mainte­
nance projects to maintain the system at its present 
level. The 1981 preservation study (l) results show 
that in the next 10 year s , based on 1980 dollars, it 
will be necessary to spend a total of $890 million, 
$170 million, and $204 mi.lJ.ion on pavement overlays, 
bridge replacement, and traffic operations , respec­
tively, on state highways. This excludes the cost 
of maintaining city streets and county roads. 

Total expenditures under t his budget are $408.7 
million. Expendi tures for construction and mainte­
nance total $361.8 million, which is 133 percent 
larger than those under budget l. Although mainte­
nance expenditures have been increased by $43.1 
million over those in budget l, the level of expen­
ditures for surface maintenance has not increased. 
The increase has been allocated to other maintenance 
items. Expenditures for construction under th i s 
budget are $163, 2 million higher than t hose under 
budget l. Approximately 43. 7 percent of all con­
struction expenditures are for pavemen t overlays, 
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Table 4 shows the recommended weight-m i le sched­
ules in mills per mile. The net responsibility of 
the lightest vehicle c lass, the 0-6000- lb gross 
weigh t group ( the bas ic vehicle), is 10 .728 mills/ 
mile, whereas the net responsibility of the 78 001-
to 80 000-lb gross weight group is 171.069 mi lls/ 
mile. 
Implications from 1980 Study 

Budget 1: Current Expenditure Le~el 

The distribu t ion of cost res-ponsibiLi ty between 
basic and heavy veh i cles is appr oximate ly the same 
as the projected 1983 distribution of road user 
revenue from these vehicles. This implies that the 
basic vehicle is meeting its fair share for the 

Table 1. Comparison of cost-responsibility distributions between basic and 
heavy veh icles. 

Cost-Responsibility Distribution 

Unadjusted Adjustedb 

Basic Heavy Basic Heavy 
Study Budget• Vehicles Vehicles Vehicles Vehicles 

1963 I 61.5 38.5 64.8 35.2 
1974 I 63.8 36.2 64.6 35.4 
1980 l 52.9 47.1 55.5 44.5 

3 50.9 49.1 54.0 46 .0 

anudgou : I d,m o tes t unent expenditure-level budget and 3 denotes preserva­
tion-lovcil budget. 

bAdJuucd for ttdlstrlbudon of subsidies. 

Table 2. Comparison of existing and adjusted rates for Schedule B, Budget 1. 

Declared Combined Existing Rate Recommended Rate 
Weight Group per Mile per Mile 
(lb) (mills) (mills) 

Oto 6 000 5.5 5.5 
6 001 to 8 000 7.0 8.0 
8 001 to 10000 8.5 10.0 

10 001 to 12 000 10.5 12.5 
12 001 to 14 000 12.0 15.0 
14 001 to 16 000 14.0 17.5 
16 001 to 18 000 15.5 20.0 
18 001 to 20 000 17.5 22.0 
20 001 to 22 000 19.0 23.5 
22 001 to 24 000 21.0 25.0 
24 001 to 26 000 22.5 26.5 
26 001 to 28 000 24.0 27.5 
28 001 to 30 000 25.5 28.0 
30 001 to 32 000 27.5 28.5 
32 001 to 34 000 29.0 29.0 
34 001 to 36 000 30.5 29.5 
36 001 to 38 000 32.0 30.0 
38 001 to 40 000 33.5 30.5 
40 001 to 42 000 35 .0 31.0 
42 000 to 44 000 36.5 31.5 
44 001 to 46 000 38.0 32.0 
46 001 to 48 000 40.0 32.5 
48 001 to 50 000 41.5 33.0 
50 001 to 52 000 43.0 33.5 
52 001 to 54 000 45.0 34.0 
54 001 to 56 000 46.5 34.5 
56 001 to 58 000 48.0 35.5 
58 001 to 60 000 49.0 36.5 
60 001 to 62 000 50.0 38.0 
62 001 to 64 000 51.0 40.0 
64 001 to 66 000 52.0 42.0 
66 001 to 68 000 53.0 44.5 
68 001 to 70 000 54.0 47.0 
70 001 to 72 000 55.0 50.5 
72 001 to 74 000 55.5 54.0 
74 000 to 76 000 56.5 58.0 
76 000 to 78 000 Add 1.0 mill/ 62.5 
78 00 I and over ton or fraction Add 4.0 mills/ 

of ton over ton or fraction 
76 000 of ton 
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level of expenditures in budget 1. However, as 
automobiles become increasingly more fuel efficient, 
the ir payment will fail to meet their cost responsi­
bil ity . 

The results imply that projected 1983 revenue 
from existing we i ght-mile tax rates will be suffi-

Figure 1. Comparison of existing schedule B and adjusted schedule B under 
austere budget. 

UJ 
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Table 3. Rocomm endod and existing weight-mile tax schedules for diesel­
powered vehicles, Budget 1. 

Gross Vehicle 
Weight Group 
(lb) 

Cars 
0- 6 000 

6 001- 8 000 
8 001-10 000 

10 001-12 000 
12 001-14 000 
14 001-16 000 
16 001-18 000 
18 001-20 000 
20001-22 000 
22 001-24 000 
24 001-26 000 
26 001-28 000 
28 001-30 000 
30 001-32 000 
32 001-34 000 
34 001-36 000 
36 001-38 000 
38 001-40 000 
40 001-42 000 
42 001-44 000 
44 001-46 000 
46 001-48 000 
48 001-50 000 
50 001-52 000 
52001-54 000 
54001-56 000 
56 001-58 000 
58 001-60 000 
60 001-62 000 
62 001-64 000 
64001-66 000 
66 001-68 000 
68 001-70 000 
70 001-72 000 
72 001-74 000 
74 001-76 000 
76 001-78 000 
78 001-80 000 
80 00 l and over 

Mills/Mile 

Net 
Responsibility 

4.312 

12.368 
11.546 
11.884 
12.212 
12.266 
13.908 
12.520 
13.004 
13.333 
13.850 
16.405 
18.222 
19.447 
21.527 
23.073 
23.557 
23.031 
20.946 
31.993 
32.533 
31.198 
35.525 
34.292 
27.561 
32.781 
28.028 
30.498 
33.280 
33.381 
37. 739 
42.891 
47.811 
43.763 
43.384 
55.673 
71.455 
69.984 

Recommended 
Schedule 

7.0 
10.0 
12.0 
13.0 
14.0 
15.0 
16.0 
17.0 
18.0 
19.0 
20.0 
21.0 
22.0 
23.5 
25.0 
26.5 
28.0 
30.0 
32.0 
34.0 
35.0 
36.0 
37 .0 
38.0 
39.0 
40.0 
41.0 
42.0 
44.0 
46.0 
48 .0 
50.5 
53.5 
56.5 
59.5 
63.0 
66.5 
70.5 
Add 4.0 mills/ton 

above 80 000 lb 

Existing 
Statutory 
Schedule 

6.0 
8.0 
9.5 

11.5 
13. 5 
15 .5 
17 .5 
19. 5 
21.0 
23.5 
25.0 
26.5 
28.5 
30.5 
32.5 
34.0 
35 .5 
37. 5 
39.0 
40.5 
42. 5 
44.5 
46.0 
48.0 
50.0 
52.0 
53. 5 
54.5 
55.5 
57.0 
58.0 
59.0 
60.0 
6 1.5 
62.0 
63 .0 
64.0 
65.0 
Add 1.0 

mill/ 
ton 
above 
80 000 
lb 
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cient to meet the fair share of heavy vehicles as a 
whole. However, it is strongly recommended that the 
weight-mile tax schedule be changed to conform more 
closely to the fair share of ind ividual weight 
classes. Specifical ly , it is recommended that tax 
rates be reduced for the medium-weight trucks and 
increased for the heaviest-weight classes. The 
latter are the classes that are increasing at the 
greatest rate in numbers and miles driven and are 
also the ones that cause most of the weight-related 
road damage, 

Budget 3: Preservation Level 

For this expenditure level, the total responsibility 
of basic vehicles is 11.14 mills/mile. This repre­
s ents a 110 percent increase from the corresponding 
responsibility under budget 1. The net responsi­
bility of basic vehicles is 10 , 73 mills/mile. 'l'his 
implies that the gasoline tax should be i ncreased by 
11.0 c ents to a total of 18.0 cents/gal. 

overall, heavy-vehicle weight-mile tax rates 
should be increased to bring in 128 percent more 

Figure 2. Comparison of existing and recommended weight-mile tax schedules 
with net responsibility. 
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Table 4. Recommended weight-mile tax schedule, Budget 3. 

Gross Vehicle 
Weight Group 
(lb) 

0- 6 000 
6 001- 8 000 
8 001-10 000 

10 001-12 000 
12 001-14 000 
14 001-16 000 
16 001-18 000 
18 001-20 000 
20001-22 000 
22 001-24 000 
24 001-26 000 
26 001-28 000 
28 001-30 000 
30 001-32 000 
32 001-34 000 
34001-36 000 
36 001-38 000 
38 001-40 000 

Recommended 
Schedule 
(mills/mile) 

14.0 
19.0 
22.5 
25.0 
28.0 
31.0 
34.0 
37.0 
40.0 
43.5 
47.0 
50.5 
54.0 
57.5 
61.0 
65.0 
69.0 
73.0 

Gross Vehicle 
Weight Group 
(lb) 

40 001-42 000 
42 001-44 000 
44 00 1-46 000 
46 00 l -48 000 
48 001-50 000 
50 001-52 000 
52 001-54 000 
54 001-56 000 
56 001-58 000 
58 001-60 000 
60 001-62 000 
62 001-64 000 
64 001-66 000 
66 001-68 000 
68 001-70 000 
70 001-72 000 
72 001-74 000 
74 001-76 000 
76 001-78 000 
78 001-80 000 
80 000+ 

Recommended 
Schedule 
(mills/mile) 

78.0 
83.0 
88.0 
92.0 
95.0 
97.0 
99.0 

101.0 
103.0 
106.0 
110.0 
114.0 
119.0 
125.0 
13 J.O 
138.0 
146.0 
155.0 
165.5 
177.0 
Add l 0.0 mills/ton 

above 80 000 lb 
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revenue than under budget 1. Any tax schedule 
adopted should conform closely to the net responsi­
bility of individual weight classes. 

SUBSIDY ISSUES 

Theory o f Subsi dies 

Governments have traditionally used subsidies to 
help meet certain political and economic goals. 
Subsidies have been used to unite the country, to 
develop certain areas, to protect certain economic 
interests and groups, and to correct inequities due 
to external economies and diseconomies (8). If 
subsidies are necessary, they should be ;sed to 
minimize economic disruption and maximize economic 
efficiency. 

External economies may justify the use of subsi­
dies to promote the social benefit. External dis­
economies may justify the use of taxes to curb 
them. An economic case for subsidies (or taxes) may 
exist wherever an external economy or diseconomy 
creates a divergence between private pecuniary 
marginal cost as seen by a firm and social marginal 
cost. 

Direct subsidies to transportation modes and 
groups have been justified on the basis of external 
economies. Subsidies have been given (a) to rail­
roads to unify and develop areas; (b) to certain 
areas for highways for economic development to 
reduce poverty, e .g., the Appal achia highway pro­
gram; (c) to develop new transport modes, e . g . , the 
airlines; and (d) to revive existing transport 
modes, e.g., passenger train service and public 
transit. 

Indirect subsidies are more difficult to jus­
tify. Freguently, the group benefiting does so at 
the expense of other existing competit i ve modes. 
Two examples that are very evident are the lack of 
adequate charges on i nland waterway users (9) and 
inadequate charges for certain users of highways 
(10). The fact that there is very little vertical 
integration between the road owner and road user 
compared with the railways means that the road user 
is not paying full road charges . The result has 
been to put the railroads at an existing disadvan­
tage with barge lines a nd trucking firms. External 
diseconomies due to environmental pollution by auto­
mobiles are indirect subsidies to road users. 

Cross-subsidies have always existed. Certain 
groups have always financed others. Populated areas 
have financed roads in the less-populated areas. 
The rationale has always been that it would reduce 
the cost of transportation and hence lower the 
prices of goods and services. Fees from heavily 
traveled routes have been used to finance less­
traveled routes. An example in the public sector is 
the cross-subsidization of certain ferry routes by 
the heavily traveled routes in the Washington State 
Ferry System (11). Here certain income groups have 
benefited at th-;- expense of others. 

Roads are not a pure public good; they have many 
of the economic characteristics of a natural monop­
oly and as such should be regulated by the state but 
not financed out of general taxation, nor should the 
road user be subsidized. The road marginal cost of 
a vehicle journey is not an insignificant portion of 
the overall road cost unless a superstrong road is 
built that would result in high capital costs and 
low marginal costs. 

Subsidy Issue 

Throughout the history of road user taxation in 
Oregon, the existence of subsidies has created some 
distortions in cost responsibility. A subsidy 
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exists when consumers pay less than the full cost of 
the goods and services they use or when a firm or a 
public agency does not recover the full cost of 
operation ftom users or consumers . To the extent 
that any clas·s of vehicles is not paying its share 
of road user responsibility, that class is receiving 
a subsidy that must be borne by other vehicle 
classes . Three types of subsidies are currently 
present in the Oregon road user tax structure. 
These are direct subsidies, cross-subsidies, and 
indirect subsidies . 

Direct Subsidies 

These subsidies take the form of exemptions from 
certain road user taxes granted to some types of 
vehicles. Currently thece are two main class·es of 
vehicles that receive direct subsidies--farm vehi­
cles and publicly owned veh icles . As shown below, 
under the current-expenditure-level budget i n the 
1980 study, farm and publicly owned vehicles are 
underpaying by $3 855 400. This amounts to 2.1 per­
cent of the total responsibility of all vehicles. 

~ 
Total responsibility of farm and pub­

licly owned vehicles ($) 
Payment by farm and publicly owned ve­

hicles ($) 
Payment to be redistributed to all 

other (nonexempt) vehicles ($) 
Underpayment by farm and publicly 

owned vehicles (%) 
Underpayment with respect to total 

responsibility of all vehicles (%) 

~ 
9 854 629 

5 999 149 

3 855 480 

39.l 

2.1 

The 1963 study found that these payments amounted 
to $2.79 million or 0.3 mill/vehicle mile. This 
amounted to 3.9 percent of total responsibility. 
The 1974 study showed that these underpayments 
amounted to $5.74 million, wh ich represented 3.7 
percent of the total responsibility. Dicect subsi­
dies have been reduced since the 1974 study by (a) 
an increase in ·farm vehicle registration fees, (bl a 
required payment of weight-mile taxes by farm vehi­
cles hauling for hire, and {c) a required payment of 
the gasoline tax by publicly owned vehicles. 

I f society deems that it is in the public inter­
est to subsidize these groups, then it is necessary 
to point out that such subsidies violate cost re­
sponsibili ty and result in larger burdens on other 
vehicle classes. Since agriculture benefits the 
entice state, it would be more appropriate to subsi­
dize farm vehicles out of general funds rather than 
out of the highway trust fund. 

Cross-Subsidies 

Cross-s ubsidization in existing tax rates may occur 
between basic and heavy vehicles oc a.mong heavy­
vehicle weight gcoups. The latter situation may 
occur when sta·tutory weight-mile rates are out of 
phase with the actual cost responsibility of most 
weight groups. 

Basic Vehicles Versus Heavy Vehicles 

Are basic vehicles subsidizing heavy vehicles or 
vice versa? Table 5 shows that for the total ad­
j usted and net responsibilities in the 1980 study 
both cl.asses as a whole are paying virtually what 
they .should be under current tax rates. Therefore, 
very little cross-subsidization exists between basic 
vehicles a nd heavy vehicles as a whole. 

9 

Heavy-Vehicle Weight Groups 

cross-subsidization of certain heavy-vehicle weight 
groups does exist because the current statutory tax 
rates do not conform well to the actual cost re­
sponsibility of these groups. This is shown in 
Figure 2 for budget land diesel-powered vehicles. 

Under the existing weight-mile tax rates, heavy 
vehicles less than 16 000 lb and more than 76 000 lb 
are underpaying relative to their responsibility, 
whereas vehicles between 16 000 and 76 000 lb are 
overpaying. In other words, heavy vehicles between 
16 000 and 76 000 lb gross weight are cross­
subsidizing the other two groups. This is also 
shown in Table 5 . Combination trucks do not appear 
to be paying their full res.ponsibili ty, as shown by 
the rat.ios of pc1yments to responsibility shown below: 

Registered 
Weight 
Class (lb) 
50 001-60 000 
60 001-70 000 
70 001-80 000 
80 001-90 000 
90 001-100 000 
Total (all ve-

hicles be­
tween 50 001 
and 90 000 
lb) 

Ratio of Regis­
tration Fees and 
Weight-Mile 
Taxes Paid to 
Total Adjusted 
Responsi.bili ty 
1. 48 
1.39 
o.95 
0.65 
0.58 
0.93 

Ratio of Weight­
Mile Taxes Paid 
to Net 
Responsibility 
1.68 
1.50 
0.94 
0.62 
0.55 
0.92 

As can be seen, the heaviest-weight classes are 
substantially underpaying relative to their respon­
sibility. Under the recommended tax rates shown in 
Table 3, these cross-subsidies are substantially 
reduced, as shown in Table 6, 

The 1974 study found that heavy vehicles that 
weighed less than 34 000 lb and more than 74 000 lb 
were underpaying by ·$1.842 and $1.237 million , re­
spectively, relative to their responsibility, 
whereas vehicles between 34 000 and 74 000 lb were 
overpaying by $1.691 million. This is shown in 
Figure 3. The 1980 study found larger cross­
subsidies along with different crossover points . 
This was due to the increasing emphasis on preser­
vation-type projects and the increase in heavy­
vehicle traffic. 

The result of this cross-subsidization has been 
to encourage growth in lhe number of heavier vehi­
cles and thus to accelerate the deterioration of 
Oregon's highways, since it is these weight groups 
that are responsible for most of the weight-related 
damage. It is recognized that economies of scale 
have also encouraged their rapid growth and use. 

Indirect Subsidies 

State Police Funding 

The removal of State Police funding from the Highway 
Fund has resulted in an indirect subsidy to all 
Oregon road users. State Police traffic patrols ace 
road user re.lated and thus are the responsibility of 
road users. The voters of Otegon, howeve.c, speci­
fied through the passage of Ballot Measu.re l in May 
1980 that this item should be paid out of general 
tax revenues. This a.mounts to some $24 million 
annually and represents a windfall to the Oregon 
road user, mainly to the basic-vehicle group. 
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Table 5. Cross-subsidies in existing tax rates between basic vehicles and heavy vehicles and within heavy-vehicle weight group. 

Net Actual Difference Total Adjusted Actual Difference 
Vehicle Responsibility Payment Responsibility Payment 
Group ($) ($) Dollars Percent ($) ($) Dollars Percent 

Basic vehicles 78 701 240 77 435 6808 I 265 S60 1.61 100554077 99 288 517 8 I 265 560 1.26 
Heavy vehicles 70 669 127 69 722 991 946 136 1.34 80 724 006 79 777 870 946 136 1.17 
Weight group 

(lb 000s) 
0-16 1 645 013 1 602 919 42 094 2.56 2 026 869 1 984 775 42 094b 2.osb 
16-76 15 504 412 21 312 408 -5 807 996 -37.46 19546727 25 354 723 -5 807 996 -29.71 
76+ 53 519 702 46 807 664 6 712 038 12.54 59150410 52 438 372 6 712 038 11.35 

aA.ssumes l6.S mpg average for basic vehicles . 
hPositive difference indicates underpayment relative to responsibility and negative difference indicates overpayment relative to responsibility . 

Table 6. Cross-subsidies in recom!'lended tax rates within heavy-vehicle weight 
group. 

Vehicle Actual Payments 
Weight Net Based on Recom-
Group Responsibility mended Tax Difference• Percent 
(lb OOOs) ($) Rate (S) ($) Difference 

0-16 1 645 013 1 793 337 148 324 9.02 
16-76 15504412 18 190 015 -2 685 603 -17.32 
76+ 53 519 702 so 695 338 2 824 364 5.28 

BPositive difference indicates underpayment relative to responsibility and negative 
difference indicates overpayment relative to responsibility. 
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Lack of Adequate Expenditure Level 

·rhe failure of the state to adopt a budget that 
fully addresses the true cost of preserving the 
highway system indirectly subsidizes the present 
road user. To the extent that budget_s 1 and 2 (not 
shown here) do not have adequate revenues to pay for 
preserving the system, these costs will be paid by 
future road usecs. 

Table 7 (7) shows that to maintain the system in 
its pcesent ~ondition , Oregon would have to invest 
$1.264 million in 1980 dollars over the next 10 
years. To ach ieve this, fuel-tax rates would have 
to be incre.ised by 11.0-16 .0 cents/gal and overall 
heavy-vehicle rates increased by 148 percent. 

If this budget level is not adopted, there will 
be higher pavement repair costs in the future, as 
shown in Figure 4 (12). The basic pavement perfor­
mance curve shows clearly that pavement deteriora­
tion starts slowly , and for about 75 percent of 
pavement life an acceptable level of service can be 

Table 7. Preservation-study results of 10-year costs. 

Status Quo 

Cost 
Component Quantity ($000 OOOs) 

Pavement (miles) 
Bridges 
Operations' 
Total 

3524 
49 

890 
170 
204 

1.264 

Note: "Sutut. quo" pruumu holdins 1he tin.:. at 1he pru1:1nr 
condfllon k'ld! by ddtuslng the "' osc severe problems .. 
This prosr.a m t1ct.;:p r• thnt ~y,1-,.01 dcflcicnclc:s , ... m re-
main .11C prcstrH lt\lclt Chrou1hou1 the IO•yn.r 11Udy p~rtod 
because c.lcm('nu now In aood or' rlllr condi tion will be~ 
como donclcrru by the end or the pcdod. 

a"Operafion," lndude a mix of needs ran1Un1 from lrafflc signals 
to passing Janes. 

Figure 4. Road deterioration versus pavement life. 
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maintained . At the three-guar ter point, 'however, 
the curve falls sharply and the roadway quickly 
deteriorates beyond the limits of inexpensive 
repair. 1f relatively low-cost rejuvenation and 
resurfacing are carried out before this rapid de­
terioration beg ins , pavement life can be extended 
for a fract ion of the cost of waiting "just a couple 
of yeacs more," 

It costs more to drive on bad roads than on good 
roads (13-15). This is illustcated in Figure 5 
(!£), whicbdisplays how direct ueec costs increase 
with deteriorating road cond itions . Dashed lines 
show what effect resurfacing would have on direct 
operating costs versus doing nothing. Without 
resurfacing, the average vehicle user would pay an 
additional $350/year in operating costs. This 
amount would be much higher for commercial vehicles, 

It is estimated that badly worn roads add an 
estimated f4-37 .1 million a year to drivers' costs in 
Oregon due to wasted fuel, excessive tire wear, and 
extra vehicle repairs. Thie total amounts to an 
average annual expense of $233/driver (1§.l. 
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Figure 5. Rehabilitation effect on vehicle operating costs. 
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In o t her words , fu t ure road users will end up 
paying more , e ither in higher tax rate s or in higher 
motor vehicle repa.i rs and operating c osts. In s ome 
cases, economic development may be slowed or indefi­
nitely po s tponed, since good transportation is a 
necessary condition for development. 

Recommendation 

The goal should be to minimize subsidies as much as 
possible . Far m vehicles and publicly owned vehicles 
should pay the i r cost responsibility . To the e xtent 
that s ubs idies , as _a matter of public policy , are 
considered t o be beneficial t o the people or the 
economy of t he state , t hey shou ld be paid from gen­
e r al t ax revenues rather than from r oad user funds . 
Cross- subsidiza.tion should be minimi zed by adopting 
a weight-mile tax s c hedule based on t he responsibi l ­
ity o f e ach vehicle weight class . Indirec t subsi­
dies s hould be reexamined ca.ref.ully to s tudy the 
f uJ.l implic ation t o the Oregon taxpayer and future 
r oad user s. This would mean adopti ng a preserva­
tion-level program with its required f i nanc ing . 

CONCLUSIONS 

Subsidies continue to exist in Oregon highway trans­
portation despite the best efforts to try to mini­
mize them. As soon as one is eliminated, another 
appears. Cross-subsidization occurs because of the 
failure to adopt a weight-mile schedule that closely 
conforms to the net responsibility of individual 
weight classes. Direct subsidies, previously justi­
fied, should be looked into more closely by the 
State Legislature, Oregon is moving in the right 
direction, albeit at a slow pace. 
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Abridgment 

Elements of Short-Run Marginal Costs of Highway Use 
RALPH C. ERICKSON 

An invostigation of tho cosu impowd on society by the highway system in a 
short-run marginal con (SRMCl framework revealed few elements of social 
cost ·that aro quantifiablo. Tho SRMC concept applied to highway use implios 
that only costs ·thot vary with highway uso (variable costs I are vnlld elements 
for user charges. Analysis of each element included investigations to determine 
whether vehicle size and weight characteristics create additional costs or bcne· 
fits to nonusers and whether estimated vnluos of tho impac1s aro available. The 
SRMC elements analyzed here are certain occident costs, traffic Interference 
with nonmotorists, visual oftects, neighborhood diuuptlon, effects on rare and 
unique resources, ecological effects, end water and 1011 pollution. Most of the 
costs wore found to be unquantifiable, bu1 based on tho nature of the impacts 
It could ho determined that they gonorelly do not vary ac1051 vehicle classes 
in significant amounts. Those with estimated values wore substantial and this 
seems to indicate that significant impacts are .now borne by society In general. 

The importance of short-run marginal cost (SRMC)­
based road user charges is that they bring to the 
attention of the highway user the costs that users 
impose on society when they make a trip decision, 
which produces efficient use of the existing road 
capacity. 

A person contemplating an automobile trip makes a 
decision about the importance of the trip. Other 
elements, such as added congestion created by that 
trip, wear and tear on the roadway, and other fac­
tors, are not considered in that decision. In this 
paper, we are assessing the impacts that are beyond 
the normal tr iprnaker 's considerations when the trip 
decision is made. 

Some costs not considered in the tripmaker's 
decision are covered in part by other means. For 
example, premiums charged for automobile insurance 
reflect the costs associated with traffic accidents, 
including property damage, personal injury, and, to 
a lesser extent, death, pain, and suffering. Pre­
miums are only loosely related to the amount of 
travel, but for each trip drivers are aware that if 
they cause an accident, their insurance premiums are 
likely to increase. When private markets thus force 

NONINTERNALIZED ACCIDENT COSTS 

Some cos-ts--vehicle insurance and user fees tha t are 
already paid for by the highway user--will be ig­
nored in this paper . Other accident costs are not 
covered by the user and they will be the focus of 
the following discussion. 

When a highway traffic accident occurs, a series 
of events is set in motion that creates costs not 
normally considered highway user costs. Police 
response, fire and emergency vehicle response, traf­
fic delays, losses to employers, prosecution, and 
probation and court costs that are directly related 
to traffic accidents are all costs created by hiqh­
way use. 

The heavier a motor vehicle, the more severe an 
accident that occurs. With greater volumes of heavy 
motor vehicles, severe accidents are more preva­
lent. Truck hazardous-cargo spills can create chaos 
that readily affects users and nonusers. 

Vehicle size has some effect on vehicle safety. 
Long vehicles make passing more difficult and un­
safe. Wide vehicles restrict visibility for follow­
ing vehicles. The trend is toward larger trucks and 
smaller cars, which will further exacerbate these 
safety problems. 

A few studies done in the last decade have esti­
mated societal costs of motor vehicle accidents. 
One study, 1975 Societal Costs of Motor Vehicle 
Accidents, by the U.S. Department of Transportation, 
estimated the costs of accident investigations, 
losses to others, and traffic delay and legal and 
coroner costs (1_, p. 25). Updating the 1975 data 
and using 1978 accident counts yields an estimate of 
about $7 billion for noninternalized annual accident 
costs. 

DELAYS TO NONMOTORISTS 

users to consider soc iarcosti;~of- their- trips-,--i-t~ i-s - - The highway_ system_ cr.ea_t~s qelay_s for nonmotorists. 
not necessary for the public sector to impose The most obvious example of this is pedestrians 
charges for those costs. waiting for an opportunity to cross the street. 

By their very nature, social costs are hard to Other types of nonuser delays exist, which include 
quantify. Those components of SRMC theory that are the possibility of increased damage incurred in a 
fairly tractable--pavernent wear, congestion, and air fire due to fire trucks delayed by congestion. The 
and noise pollution costs--are the subject of other main thrust of this analysis, however, is directed 
research studies for the 1982 Federal Highway cost at the largest delays--those incurred by pedestrians 
Allocation Study (ll• This paper analyzes the more and bicyclists waiting at crossings. 
intractable i terns. It is anticipated that most of Several studies have found that pedestrians value 
the items cannot be expressed in monetary terms or their travel time two to three times more highly 
quantified. than do motorists (.1, p. 24). Pedestrians are more 

Without reliable estimates of nonuser costs in exposed to the weather, more threatened and intirni-
rnonetary terms, they cannot appropriately be incor- dated by vehicles, and, in some cases, are limited 
porated into the final determination of highway cost in physical ability. 
allocation. It is still desirable, however, to The amount of pedestrian delay is directly re-
document what is known about these items. lated to the traffic volume of the highway system. 

This paper will analyze the following SRMC ele- On the Interstate system and other lirni ted-access 
rnents not internalized by users: certain accident freeways, there is no opportunity for pedestrian 
costs, traffic interference with nonmotorists, vis- crossing except at underpasses, overpasses, or spe-
ual effects, disruption of the neighborhood, effects cific pedestrian bridges or tunnels. On the primary 
on rare and unique resources, ecological effects, and other federal systems, the delay is at traffic 
and water and soil pollution. Each cost will be lights or unsignalized intersections. Urban areas 
examined as follows: (a) a background section de- with high traffic and pedestrian volumes experience 
scribing each item of cost and evaluating the corn- the highest nonuser delays. 
ponents of each cost, (b) a section describing how Vehicle size has an impact on the delay experi-
the cost varies by vehicle class (size and weight), enced by pedestrians. A truck whose place in the 
and (c) a section estimating the monetary value or traffic queue could be occupied by three cars is 
relative magnitude of each cost. contributing three times as much to pedestrian delay 

as one passenger automobile. Total delay costs 
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should be attributed to vehicle classes in propor­
tion to the space they occupy. 

Not enough information is available to estimate 
the va l ue of nonuser delay. One study (}., p. 2 4) 
estimate s 1978 pedestria n travel-time values of 20 
cents/ min for the central business district and 15 
cents/min for other locations, None of the litera­
ture, however, estimated the number o f peo ple de­
layed by traf f i c nor ave rage t ime of de l ay . Without 
these o ther val ues , the t ota l nonuser delay due to 
traffic volumes cannot be es t i ma ted . 

VISUAL EFFECTS 

Highways can create negat i ve visual effects for 
users and nonusers of the system. Litter and the 
use of adjacent land for billboards are depende nt on 
traffic volume, Trash along the roadway from vehi­
cles is a function of traffic volume, the existing 
surroundings, and the level of control and enforce­
ment . Bi l lboar ds are a function of t r affic volume , 
s i nce t he adve rt iser is ou t to reach as ma ny people 
as possibl e a nd c arefully assesses po s sibl e loca­
t i ons fo r t h is at tribute , 

Although heavy vehicles such as trucks may well 
be more significant in the traffic stream in 
blighted, littered areas, they are not, in ge ne ral, 
the cause of the litter or billboards. Tr ucks can 
cause unusual amounts of litter when states do not 
have laws requiring a cover for loads that can blow 
out of the truck (!, p. 21), 

Estimated values for society's or the individ­
ual's perception of visual effects are available. 

DISRUPTION OF NEIGHBORHOODS 

Increasing traffic volume creates neighborhood dis­
ruption, This manifests itself in many ways: re­
duced neighboring, reduced community cohesion, dis­
rupted living patterns, and reduced eff i c iency of 
community f ac i lities, Reduc ed community cohesion is 
caused when traffic volumes on unlimited-access 
highways create disruption of residents' ability to 
meet and associate freely. The traffic reduces 
opportunities to meet casually, and as traffic be­
comes greater, it discourages outside activities for 
children and adults (l, p, 71) . These reduc ed op­
portunities r educe the efficiency of communi ty 
facilities. Par ks and playgrounds become i nacces­
sible, Stores lose custome r s and may go out of 
business. Ge t ting to and from school becomes more 
difficult and dangerous. 

Large volumes of heavy vehicles in the traffic 
stream create more than ord inary disruption of 
neighborhoods. Trucks are intimidat ing in residen­
tial neighborhoods. In sum, they create additional 
traffic burdens in neighborhoods. 

It is impossible to estimate the value of neigh­
borhood disruption due to highway traffic. In a 
pure experiment, two neighborhoods, otherwise iden­
tical but for traffic levels, would show differing 
property values as the cost of neighborhood disrup­
tion. Some studies have taken th is a pproach, but 
the other factors inherent in the real world have so 
muddied the waters that the results are not suffi­
ciently clear (~, p. 33). 

TRAFFIC VOLUME IMPACT ON RARE OR UNIQUE RESOURCES 

The term "rare and unique resources" includes the 
following: archaeological and paleontological re­
sources, historic properties, wilderness areas, and 
national parks. Conflicts may arise between the use 
of highway systems and damage to rare or unique 
areas or re soucces . Popular nationa l parks may be 
inundated with traffic, which lessens the enjoyment 
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of the area for all. Wilderness areas lose their 
remoteness by popular use. Paleontological sites 
are picked over and archaeological sites are de­
stroyed when disturbed. Historic districts lose 
atmosphere when the streets are packed with traffic. 

It may be the case, in specific situations, that 
heavy trucks are the prime cause of loss of ambiance 
to a historic district, but in general terms the 
impacts discussed in this section are not due to 
differences in vehicle weights. Truck and bus size 
has a visual barrier effect, which reduces the 
visibility in a historical district. 

There is no direct way of estimating the cost to 
society imposed by automobile tripmakers on rare and 
unique resources. These resources are of different 
values to different people and estimation is ex­
tremely difficult under these conditions. Methods 
of estimating some of these values have been at­
tempted in past studies (2). 

ECOLOGICAL IMPACTS 

Traffic volumes on the highway system can create an 
unattractive habitat to wildlife and plants. 
Greater traffic increases the chances of vehicle­
animal collisions. It appears that many species 
become adjusted to some aspects of traffic volume. 
A case has been cited of elk being unconcerned with 
traffic until a vehicle stops on the side of the 
road (_§). Some potential impac ts have be en pre­
dicted but not doc umen ted and o ther s may e x ist that 
we know nothing about (1, p. 43). 

Ecological impacts are not sensitive to vehicle 
class except that heavy trucks may cause additional 
noise and vibration. Truck size has no effect on 
ecological impacts. 

While there is a value to these impacts on the 
ecology, it is practically impossible to develop a 
r ea sonable c ost estimate for SRMC user charges of 
ecolog ical impacts. 

WATER AND SOIL POLLUTION 

Water pollution is significantly influenced by high­
way runoff. Substantial amounts of oil and grease 
are leaked onto the roadway and part of this is 
washed off in rainstorms. Road salt in winter 
creates a large amount of troublesome runoff. If 
the storm sewers lead into streams or rivers, the 
highway contributes to pollution directly, If the 
sewers lead into a municipal sewer system, the run­
off is treated. In heavy rainstorms, however, the 
additional load on the sewer system may cause the 
dumping of untreated municipal waste directly into 
streams. With an estimated one-fifth of an average 
city's total land area dedicated to transportation 
uses (mostly streets and highways), a heavy rain 
could quickly overload a combined sewer system (10, 
p. 115). 

Besides impacts on flowing surface water, highway 
pollutants find their way into the groundwater. 
This is considered by some as the more important of 
the two impacts. The severity of groundwater im­
pacts is not known due to lack of knowledge about 
salt and other contaminants in groundwater (11, p. 
86). -

Soils are also affected by concentrations of 
toxins and heavy metals. Asbestos, lead, acids, 
copper, zinc, cadmium, iron, nickel, chromium, and 
other traces can be f ound in the soil (12, p. 68). 
Greater traffic flows mean higher concen~ations of 
these toxins near the roadway. 

Those vehicle classes with larger engines, more 
tires, and brakes ar e contributing greater amounts 
of pollutants that originate from those parts. 
Greater distances of travel [vehicle miles of travel 
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(VMT)] contribute proportionally larger amounts of 
pollution and make greater use of roads cleared with 
road salt in winter snow. 

There is no way to estimate the value of water 
pollution spillovers due to highway traffic. 

CONCLUSION 

The SRMC elements of highway use analyzed in this 
paper are, in many cases, not quantifiable, All the 
above elements are a function of traffic volumes and 
therefore vary with highway use. In designing a 
system of user charges based on SRMC , these elements 
should be accounted for in the variable-with-use 
portion of a user charge. 

Most of the SRMC elements are not attributable to 
specific classes of highway users. The following 
items should be considered conunon costs, that is, to 
be shared by all vehicle classes equally: visual 
effects , most neighborhood disruption (other than 
noise a nd vibration), most i mpacts on rare and 
unique resources, and ecological impacts. 

Heavier vehicles, in general, occasion greater 
costs in safety, water, and soil impacts because 
they tend to travel greater distances. These costs 
should be attributed by the VMT of the vehicle. 
Larger vehicles occasion greater costs in safety, 
nonmotorist delay, and rare and unique resources 
becaus·e of their size. 

In all, a sum that would be a particular vehi­
cle's short-run marginal cost as considered in this 
paper would be made up of components for VMT, vehi­
cle weight, vehicle size, and a conunon cost spread 
ac;iross all vehicles equally, To this sum would be 
added the other SRMC costs not covered here but in 
other parts of the Highway Cost Allocation Study, 
However, as this analysis shows, there is not enough 
solid cost evidence to place actual values on the 
cost analyzed, 
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Net Benefits from Efficient Highway User Charges 
DOUGLASS B. LEE 

The purpose of this paper js (al 10 eSlimato what a complete set of efficient 
highway prices would look like in terms of dollar magnitudes and thoir rela• 
tionships 10 trove! by particular vohiclos under particular conditions and (bl to 
measure the uoim that would result from lmposlno tho efficient prices Inst.cad 
of the ones now charged. Because tho scope of this effort is large and because 
no comprohon1ive set of morginel cost highway user chorge1 has bocn estimated 
previously, the result o f the current work is still very rough. At present, tho 
concepts and methods 3re at least as important nJ the numerical resul cs. 

Were there no constraints--no budgetary revenue 
requirements, not more than one level of government 
involved in setting charges, no concern for income 
transfers or indirect impacts, and all other public 
and private enterprises efficiently priced--on 
setting highway user charges, efficiency (in the 
allocation of highway investment resources and 
available capacity) would be the sole objective in 
designing such charges. In reality, numerous com­
promises must be made for numerous reasons. The 
issue then becomes the degree to which efficient 
resource allocation should be sacrificed for other 
purposes. 

Although whether they are cost occasioned has 

been routinely cited as a basis tor designing high­
way user charges, efficiency in the utilization of 
scarce resources has not received much attention 
until recently. Now, however, highway professionals 
and policymakers at all levels of government are 
increas ingly interested in finding the most produc­
tive use of the nation's resources as well as in the 
fairness of revenue instruments. 

OBJECTIVES IN HIGHWAY PRICING 

Application of the economist's concept of efficiency 
to public policy implies that the government should 
seek to max imize the net social benefits resulting 
from the activities in which it engages. Efficient 
highway user charges are those that will lead to the 
greatest surplus of benefits over costs for a given 
stock of capital facilities. Investment in the 
highway system should follow the same criterion, 
namely, increase outpu·t as long as the marginal 
benefits exceed the marginal costs. The research 
reported here, however, is directed at the pricing 
portion of effic iency rather than the investment 
portion. 
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Administrative Costs of Pricing 

For prices to serve as guides to efficient resource 
allocation, they must be clearly tied to use in both 
reality and the consumer's mind. Annual registra­
tion fees that are invariant with respect to the 
amount or location of travel can only serve as very 
crude prices at best. This need for prices to be 
based on the amount of travel and the specific 
conditions under which it is consumed make accurate 
pricing difficu1t and perhaps exorbitantly costly in 
many circumstances . 

The orientation of this report is to estimate 
what the correct prices would be by cost component 
and to disregard the means by which the charges 
migh t be collected. Qualitative judgments are 
offered regarding which costs of travel are not 
likely to be feasibly priced, but no quantitative 
trade-of fs between the benefits of improved capacity 
utilization and administrative costs of imposing 
ideal user charges are attempted. These questions 
are critical and must be addressed even tually, but 
the initial problem is to gain an idea of the 
general magnitude of efficient prices. Ultimately, 
the question is whether some attempt at efficient 
pr icing will be better than the present methods for 
setting highway user charges, however imper feet the 
pricing mechanisms. Rough approximations can be 
improved with experience, and experience may be the 
most effective way to achieve accuracy. 

Second-Best Conditions 

Requiring that users of the highway system pay the 
marginal costs of their use does not necessarily 
lead to efficient resource allocation unless the 
rest of the world also prices at marginal cost. 
Obviously, the rest of the world does not. It is 
then a matter of judgment whether efficient highway 
prices will improve or worsen aggregate welfare, and 
this judgment must be based on knowledge of such 
things as competition in transportation and related 
sectors, relationships between marginal costs and 
prices for goods and services that are substitutes 
or complements for highway services, and demand 
elasticities and cross elasticities. The working 
assumption here is that highway user charges that 
are closer to marginal cost than present charges 
will improve efficiency in the economy as a whole as 
well as in the highway sector. 

Figure 1. Gains from efficient pricing. Price, 
Cost 
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MEASURES OF HIGHWAY OUTPUT 

For the purposes of designing ef ficient user 
charges, the highway sys tem bas two primary dimen­
sions of output . One is the volume of vehicles that 
can be moved over the system in a given time period, 
and the standard unit of measure is the passenger 
car equivalent (PCEJ. Each veh icle takes up some 
effect ive amount of space, and competition .for this 
space results in congestion. The other dimension is 
the transport of weight, and here the unit of mea­
sure is the equivalent single 18 000-lb axle load 
(ESAL). Pavement damage is thought to be related to 
axle weights. Thus the output of the highway system 
is a combination of PCS-miles and ESAL-mi les, or 
simply PCEs and ESALs. 

EFFICIENCY GAINS 

The net benefits from more efficient prices are 
called e fficiency gains or welfare gains. The 
nature of the gains depends on the output and the 
changes contemplated , but inefficiencies stern from 
either too low a price (marginal costs of some 
portion of consumption exceed the marginal benefits) 
or too hig.h a price (users are deterred even though 
the benefits would exceed the costs). A generalized 
example is shown in Figure 1, in which the price 
curve lies below the cost curve. The shaded area 
r epresents the net loss from incorrect pricing, or 
the gains in efficiency that could be obtained by 
sh ifting from incorrect to correct pricing. In th is 
instance , the incremental costs to society of the 
additional output are greater than the incremental 
benefits to the users. In the reverse case, where 
price is higher than marginal cost, the incremental 
benefits of greater output exceed the incremental 
costs. 

ESTIMATION OF EFFICIENT PRICE COMPONENTS 

Because efficient prices are based on charging each 
vehicle the costs that would be avoided if the vehi­
cle were removed from the specific time and location 
where it is found opera ting , only variable (not 
fixed) costs are relevant. The variable costs 
listed below include t hose represented by public 
expenditures and those falling on private users and 
nonusers. For public costs, the price to the user 
is zero unless a user charge is imposed. For 

P1: Efficient 1------------=~lnm'T 

p : 
0 

Price 

Actual '-----------------li-----=aalt:-~ 
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Adjusted Current 
Output Output 
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private costs , it is the diffe·re·nce between social 
and private cost that is of interest; if there is no 
difference, there is no need for a price correc­
tion. The variable costs are as follows: 

1. Public sector outlays (and associated costs) 
a. Pavement damage 

(1) Pavement restoration or loss of user 
benefits 

(2) User costs from pavement roughness 
b, Highway administration and services 

2. Private user costs 
a. Vehicle interference 

(1) Delay 
(2) Accidents among vehicles 
(3) Increased vehicle operating costs 

b. Negative externalities 
(1) Air pollution 
(2) Water pollution 
(3) Noise 
(4) Visual intrusion 
(5) Danger to nonusers and property 

This summary listing of variable costs is meant 
to be exhaustive in scope, if not in detail. If the 
highway system has been efficiently designed and 
maintained and ou.tput is subject t o neither econo­
mies nor diseconomies of scale, then efficient 
pr ices to users will be sufficient to recover all 
the long-run costs of the system . Even though the 
prices ar::e based on variable costs, under these 
conditions they will raise revenues that cover fixed 
costs as well. An important purpose of the attempt 
to estimate the full magnitudes of efficient prices 
is to assess the extent to which such prices would 
finance the construction and operation of the sys­
tem. The results indicate that the revenues would 
be far greater than those raised by existing user 
charges. 

Methods and empirical results for estimating 
efficient highway user charges are described in the 
next sections. Other references (1) provide a more 
detailed explanation than is possible in this brief 
summary. 

Pavement Wear 

Costs of pavement repair consist of two parts: the 
cost of repairing the damage to the pavement and the 
additional user costs to vehicles traveling over 
damaged pavement. An efficient design , maintenance, 
and opecating program seeks to minimize the sum of 
the two costs, and correct pavement damage charges 
will normally include both components. 

Pavement Repair 

Highway pavements are designed to carry a forecast 
traffic volume over a lifetime of approximately 20 
years. The major design consideration determining 
the thickness of the pavement is the expected number 
of axle load repetitions, measured in ESALs. Travel 
by vadous weights of vehicles can be translated 
into ESALs by using factors from the American Asso­
ciation of State Highway Officials (AASHO) Road 
Test, conducted in the 1950s (2). The factors 
embody the relationship t hat pave-;;;ent damage on a 
given road increases with the fourth power of t he 
weight on the axle. A fully loaded 72 000-lb five­
axle tractor-semi trailor combination truck ge·nerates 
about 2 ESALs/mile of travel . Relatively, t his 
heavy truck is wearing out the pavement at a rate 
about 5000 times that of the family car and about 
one quarter the rate of the same truck loaded to 
100 000 lb. Each ESAL , however, does less damage on 
a thicker or stronger pavement, because pavement 
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strength increases with the seventh power of 
thickness. 

Incorporation of these engineering relationships 
into user charges that encourage efficient utiliza­
tion of the highway system has several implications: 

l. The charges should be high enough so that 
whenever a vehicle adds to the wear of the pavement, 
the benefits to the user (as expressed by willing­
ness to pay for the damage through user charges) are 
at least as great as the costs of the damage to 
society. 

2. Fees should increase steeply with increased 
axle weight. 

3. Vehicles that use more axles to carry the 
same weight shou ld be charged less. 

4. Heavy vehicles should face substantially 
lower charges when they travel on heavy-duty rather 
than on light-duty roads. 

On the assumption that t he amount of pavement 
damage done by an ESAL is constant over the life of 
the pavement, the repair cost per ESAL is the total 
maintenance and restoration cost per highway mile 
divided by the ESAL life of the particular pavement 
and discounted from the anticipated time of restora­
tion. Thus, the repair cost per ESAL will increase 
the nearer the date of restoration is and will de­
crease the stronger the pavement structure is. 
Estimated ESAL-mile charges for pavement repair are 
given in Table 1 by functional system. 

User Costs 

Pavement damage leads to lower speeds and higher 
operating costs for all users, whether they damage 
the pavement or not (]). From the standpoint of the 
vehicle creating the damage, user costs are ex­
ternal, so efficient pricing requires an explicit 
recognition of the user costs resulting from pave­
ment wear. 

In contrast to pavement repair costs, the time 
between the damage and the repair increases the user 
cost because more vehicles have a chance to suffer 
the effects of lower-quality pavement before the 
damage is restored. 1rhus, the marginal cost of an 
ESAL depends on the strength of the. pavement 
(thicker pavement means less damage from a given 
axle) and the volume of use (larger volumes mean 
higher user costs). As seen in Table 1, user costs 
per ESAL tend to be dominated by the vehicle wear 
compone.nt, and reduced wear from high pavement 
streng th is partly offset by higher average daily 
traffic (ADT) on heavy-duty pavements. 

Administration and Services 

Government services provided primarily because of 
highway users include traff ic control, courts, 
stree t light i ng (part), state highway patrol, and 
state and feder al highway departments. Only some of 
these costs can be plausibly argued as related to 
traffic volume. The few studies available place the 
costs at about O. 4 cent/vehicle mile on the average 
(j_). 

Vehicle Interference 

As more vehicles occupy space on the same roadway, 
interactions among the vehicles become increasingly 
significant. These interactions have three ef­
fects: one is t he decrease ln speed below free 
s peeds, which results in additional travel time o r 
delay; the second is the increase in operating costs 
caused by congested conditionsi and the third is the 
increase in accidents among vehicles. 
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Congestion 

The microeconomic formulation of the congestion 
problem (_2.) is represented in Figure 2, Average 
variable cost (AVC) includes vehi cle wear and oper­
ating costs, pavement wear, and travel time and 
excludes user fees. This curve corresponds roughly 
to the pr ice to the user and determines the volume 
of travel by its intersection with the demand 
curve. Because average cost ri se s with inc reasing 
volumes, the marginal cost of addi tiona l trips at 
any given volume is above the average cost, The 
major component of the increase in average cost and 
hence the d ifference between average a nd marginal 
cost is excess travel time or delay, Drivers are 
assumed to know the a verage t r avel t i mes they will 
face when entering a g iven t raf fic stre am, but they 

Table 1. Efficient pavement damage charges by functional system. 

User Cost (cents/ESAL-mile) 

Functional Pavement Vehicle Travel Running 
System Repair Wear Time Cost 

Interstate 
Rural 5.0 3.8 0.9 -0.9 
Urban 15 .0 10.6 2.4 -2.9 

Arterial 
Rural 13.0 4.1 1.0 -I.I 
Urban 41.0 7.6 7.0 0.3 

Collector 
Rural 17.0 3,2 0.8 -0.9 
Urban 40.0 6.6 6.1 0.2 

Local 
Rural 31.0 2.4 0.6 -0.7 
Urban 50.0 9.7 9.0 -0.4 

Figure 2. Consequences of efficient pricing of congestion. 
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do not consider the increase in travel time caused 
by their presence for other vehicles. To internal­
ize this effect--forcing the user to balance benefit 
against marginal cost--requires a price surcharge or 
toll that varies with the level of congestion and 
the PCE space occupied by the vehicle, 

For the volume - capac i ty rela tionships implied by 
the cost curves and t he demand schedule shown, the 
correct toll is the difference between Po and 
P2. The effect will be to reduce vehicle volume 
f ram ql to go, at which point the average cost 
faced by the vehicle plus the toll will exactly 
equal the marginal cost, All vehicles in the stream 
pay this toll. 

When the vehicle volume drops from q1 down to 
go, costs are avoided equal to the area under the 
marginal cost curve, whereas benefits are lost equal 
to the area under the demand curve. The net effect 
is an efficiency gain represented by the three-sided 
area labeled A. This gain is composed of delay 
savings to vehicles remaining on the faci lity minus 
the consumer surplus lost by the vehicles tolled 
off. The first of these two components is indicated 
by the vertical shaded rectangle and the second by 
the hatched triangle. The difference between them 
is exactly equal to area A. 

These abstract concepts can be operationalized 
directly. By using traffic engineering relation­
ships based on a linear function between speed and 
density (..§_-]), average travel-time curves can be 
constructed for different road types. The curve for 
urban non-Interstate roads has been calibrated to 
the left-hand scale. Marginal travel times are 
derived from the average travel-time function. The 
horizontal scale has been converted to volume­
capac ity units and measures both volume a nd c apac ity 
in PCEs . Demand is g iven by an arc ela stici t y of 
-0.33 measured from the observed price-volume combi-

Marginal Cost 
(MC) 

Demand 

vehicle volume 

I I I I I I I 
.05 .15 . 25 .35 .45 .55 .65 . 75 .85 .95 V/C 
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nation. This information yields a reduction in 
vehicle volume from 0,75 to 0.67 for the example in 
Figure 2, at which po i n t the d iffer e nce between 
average and maxginal travel time i s 1.02 min, By 
using a value of travel time of 8 c ents/min ($4,80/ 
vehicle-h), the efficient toll is 8.2 cents/vehicle 
mile. An estimated 30 billion vehicle miles of 
traffic (VMT) occurs annually on U.S. streets at a 
volume capacity ratio of between 0,7 and 0.8 
(6,8,9), which would drop to 27 billion with the 
t~ll -;;.nd produce $2, 2 billion in r e venues from this 
portion of total travel. Travel delay charges per 
PCE mile are shown in Table 2 for urban non-Inter­
state roads. 

Accidents 

Highway accidents cause pe rsonal injury and property 
damage, Costs include loss of life, loss of labor 
resources, medical expenditures, repair or replace­
ment costs, loss of time, inconvenience and disrup­
tion, administration of the liability insurance 
system, public costs of emergency medical treatment 
and police, and adjudication of liability claims. 
So far, attempts at quantitative estimation of the 
relationship of these costs to congestion or partic­
ular vehicle types has not been satisfactory. More 
vehicles in closer proximity tend to increase the 
number of accidents, but if a fatality is valued in 
the $300 000 range (10), the benefits of reduced 
speed in reducing fatalities outweigh the costs of 
more accidents for at least some speed and volume 
ranges. Much accident data are available, but they 
are generally unsuitable for estimating the marginal 
costs of vehicles in connection with congestion. 

Vehicle Operating Costs 

Vehicle interference from congestion causes in­
creased fuel consumption from forced speed changes 
and increased tire and vehicle wear from speed 
changes and braking. At speeds of more than approx­
imately 45 mph, reduced speed tends to reduce fuel 
consumption and tire wear per vehicle mile, but it 
is not apparent what the net effects are if the 
speed reductions are the result of congestion. No 
quantitative estimates of changes in vehicle operat­
ing costs related to vehicle interference have been 
included in the figures presented here. 

Negative Ex ter nalities 

Highway users generate negative externalities in the 

Table 2. Time delay charges for urban non-Interstate highways. 

Avernge Marginal Tolle ($/ 
Revenuesd Initial Time8 Timeb PCE ve- Initial 

V/C (min/mile) (min/mile) hicle-mile) VMT ($ billions) 

0.05 2.17 2.20 0.0023 15 0.03 
0.15 2.23 2.30 0.0074 59 0.43 
0.25 2.30 2.47 0.0138 104 1.40 
0.35 2.37 2.66 0.0216 142 2.96 
0.45 2.46 2.89 0.0314 111 3.31 
0.55 2.57 3.19 0.0439 82 3.36 
0.65 2.69 3.62 0.0601 52 2.86 
0.75 2.86 4.29 0.0817 30 2.20 
0.85 3.09 5.53 0.1117 52 5.09 
0.95 3.50 9.58 0.1600 96 13.18 

34. 83 

8Average travel time based on linear speed-density and free speed of 28 mph= 4.29/ 
11 +(I . V/C)Yl]. 

hM.,ginal (ravel lime= average Jim< I + { (0. SY /C)/[ (I - V /C) + (I - V /CYl)J}. 
c1·011 at the adjusted (price elasllc.il)' = -0.33) V/C and VMT (neither shown). 
dRevenues rrom given toll at adjusted PCE volume. 
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form of air pollution, water pollution, noise, 
litter, danger to pedestrians, and other undesirable 
side effects. Air pollution and noise are real 
costs to members of society even though dollar 
amounts do not appear in public budgets (prevention 
or control costs sometimes do appear as expendi­
tures, but these are only weakly related to damage 
costs). The higher the emissions rate by a vehicle 
is and the more sensitive and numerous the receivers 
are, the higher is the marginal cost of a vehicle 
trip. The essential characteristic of an external­
ity is that it escapes normal market transactions, 
so that the valuation of negative external effects 
must be accomplished by political or other surrogate 
means. An efficient externality charge is one that 
encourages the producer of the externality to take 
the most suitable measures to reduce emissions and 
leaves the potential recipient to make the most 
suitable choices for ameliorating impacts of resid­
ual externality levels. 

Methods for estimating the cost of externalities 
depend primarily on one or both of two strategies: 

1, Estimate total expenditures made for the 
purpose of correcting the damage from the external­
i ty on the part of private i nd i viduals and 

2. Estimate the willingness of individuals to 
pay for lower externality levels in surrogate (usu­
ally real estate) markets. 

The aggregate-damage-cost approach has yielded the 
best results so far with air pollution costs (ill , 
and the revealed-preference approach has been the 
most effective in evaluating noise costs (11), Air 
pollution c os t s a verage about 1.1 cents/ vehicle mile 
in urban a r eas 1 t he r e are wide variat i ons depending 
on the area and the particular meteorological condi­
tions. Noise costs average about O. 2 cent/vehicle 
mile in urban areas1 heavy trucks create about 40 
times as much damage as automobiles per vehicle mile, 

Oser Charges f o r Proto typica l Vehic les and Condit i ons 

Of the variable costs listed earlier as relevant to 
the construction of efficient user charges, six have 
been quantified to the point of dollar estimates 
under some limited sets of average conditions: 
pavement repair, pavement user costs, administra­
tion, excess time delay, air pollution, and noise. 
Pavement damage and congestion delay are the costs 
of major significance: the others are small as per­
vehicle-mile rates. Of the costs not estimated in 
cents per vehicle mile of travel (VMT) , accidents 
appears to be the only category that might lead to a 
substantial increase in user charges if more were 
known about causal relationships. Other marginal 
costs may be large in the aggregate but small in 
relation to VMT. 

Six vehicle types have been selected for illus­
tration in Table 31 the salient vehicle character­
istics are matched to the conditions under which 
they might be operated. The rural automobile causes 
little pavement damage because of light axle 
weights, it encounters little congestion so causes 
little delay, and the externalities it generates are 
easily diffused and affect few people. Such a vehi­
cle is probably overcharged by a small amount, be­
cause fuel taxes and registration fees are largely 
insensitive to urban-rural locations and conges­
tion. At the other end of the automobile scale, an 
urban commuter traveling during peak periods con­
tributes noticeably to both congestion and pollu­
tion. A medium truck traveling in lightly congested 
urban areas incurs a mix of costs that includes 
damage to light pavements and negative externali­
ties. The typical five-axle combination tractor-

.. ... 
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Table 3. Efficient user charges for sample vehicles under specific conditions. 

Component of Efficient Price (cents/VMT) Existing 

Vehicle Key Pavement 
Type Location Parameter Repair 

Automobile (3000-lb gross wt) Rural V/C = 0.05 
Automobile (3000-lb gross wt) Urban V/C = 0.85 
Single-unit three-axle truck Small V/C = 0.35 25.6 
(40 000-lb gross wt) urban PCE = l.2 

ESAL = 0.8 
Combination truck, five-axle, Rural V/C=0.15 8.0 

3-S2 (72 000-lb gross wt) interstate PCE = 1.2 
ESAL = l .6 

Combination truck, five-axle, Urban V/C = 0.35 24.0 
3-S2 (72 000-lb gross wt) interstate PCE = 1.2 

ESAL = 1.6 
Combination truck, four-axle Rural V/C = 0.05 408.0 
(l 00 000-lb gross wt) arterial PCE = 3.0 

ESAL = 27.2 

Table 4. Revenues and net gains from efficient pavement damage charges. 

1981 $ Billions 

Heavy Vehicles• 

Light Under Over 
Item Vehicles 1.5 l.5 Total 

Pavement damage 0 JO.I 15.4 25.4 
and user costs 

Efficiency gains 0 0.8 4.l 

avehic-lc classes are divided according to the avcr..a,g_c actual pavement stress 
L'lpplle.d by the typlc:111 vehicle, measured in F .. <iAL miles per vehicle mile or 
travel. 

5.0 

Table 5. Revenues and net gains from efficient vehicle interference charges. 

198 l $ Billions 

Rural Urban 

Item Interstate Other Interstate Other Total 

Volume-capacity l.5 4.l 6.5 41.8 54.0 
related costs 
Congestion 1.5 4.1 4.5 33.2 
Externalities and other 0 0 2.0 8.6 

Efficiency gains 0.1 O.l 0.7 4.7 5.6 

semitrailer operating entirely on heavy-duty pave­
ments in rural areas creates damages about half 
again greater t .han its user charge payments, whereas 
the same vehicle operating on urban Interstates 
generates costs more than five times its estimated 
payments. Last on t he list is an extremely destruc­
tive vehicle that might be a bulk agricultural 
hauler exempted from 1<1eight limits , a lumber tr uck, 
a coal hauler, or an illegally overloaded combina­
tion truck. The source of the damage is a very 
heavy load distributed on too few axles . consider­
able guesswork lies beh ind these examples, and the 
spec ific conditions lis ted and implied may not be 
average for vehicles in the class represented. 

NET BENEFITS FROM EFFICIENT CHARGES 

For prices to function as guides to efficient re­
source utilization, the output that is priced must 
adjust to the point at which marginal benefits equal 
marginal costs. Because the existing price per ESAL 
seems to be below cost for medium and heavy axles , 

Average 
User Adminis- Excess Air Pol- User Fee 
Costs !ration Delay lution Noise Total (cents/VMT) 

7.5 

5.9 

16.3 

95.2 

0.3 0.3 0.6 1.3 
0.7 l 1.2 l.5 0.l 13.5 1.7 
0.5 2.2 0.2 0.2 36.2 4.8 

0.3 0.4 14.6 9.0 

0.3 1.4 3.0 4.0 49.0 9.0 

0.3 0.3 0.2 504.0 5.0 

efficiency gains would be derived from reducing 
total ESAL output . Note, however, that it is not 
necessary to reduce ton mile output in order to 
reduce ESl'.Ls . With efficient pavement damage 
charges, heavy vehicles would have incentives to use 
more axles and stronger roads to carry the same 
total weights. If othe r constraints on efficiency 
were removed, it is possible th.at total ton miles 
could go either up or down while ESl'.L miles declined. 

Similarly, efficie nt vehicle interference charges 
would be higher than current charges, in most cir­
cumstances, so reducing PCE miles of travel would 
result in savings in delay time far in excess of the 
lost travel benefits. Person trips, however, would 
not need to decline at all (through increased vehi­
cle occupancy), and less-costly off-peak PCE mileage 
could be substituted for peak travel. Thus effi­
ciency gains could be obtained in part from deter­
ring frivolous travel, and the bulk of the net bene­
fits would come from accommodating that travel in 
less costly ways. Efficient prices would encourage 
users to find those ways least disruptive to them­
selves. 

Revenues from efficient user charges and net 
benefits were calculated by applying an estimated 
elastici ty to each vehicle class on each system, 
combining all the price components into cha rges on 
the two (PCE and ESAL) dimensions of highway o ut-
put. Aggregate results are shown in Tables 4 and 
5. Total revenues sum to almost $80 billion, but 
presumably the actual total would be somewhat less 
because PCE charges deter: some ESAL mileage, and 
vice versa. The revenue s represent transfers, of 
course, and not net gains. Improved short-run effi­
ciency is measu red as something less, of the order 
of $10 bil lion annually, but this constitutes real 
gains in resources available that would be otherwise 
wasted. 

CONCLUSIONS 

Al thoug h the combined effect of all the components 
of efficient pr ices is subject to an addit ional 
degree of uncertainty beyond the uncertainty in the 
cost estima tes , the total revenues raised would be 
more than $7 0 billion annually. This is more than 
the t ota l expenditures for highways of S40 billion 
by all levels of government and more than t wice the 
$22 billion currently colle.c.ted in user charges. It 
is less, however: , than t.he more than $100 billion 
that represents the annual cos t of capital replace­
ment to retain the full highway system as it now 
exists ( 13) • · 

The most significant attribute of these results 
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is that the user charges do not contain any fixed or 
annual components, such as registration or weight 
fees. Efficient prices, based on short-run marginal 
costs, would be sufficient to raise revenues on the 
current system that would cove r at least a share of 
the fixed costs of the system without levying any 
access charges. Unless more revenues are desired, 
there is no need to allocate fixed costs of highway 
construction to vehicle classes for purposes of 
calculat i ng highway user char ges , Instead , the task 
is to estimate more accurate ly the t rue marginal 
costs of highway use and to design collection in­
struments that approximate the correct prices at the 
least cost. 
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Maintenance Cost-Allocation Study for Virginia's 
Interstate Highways 
ANTOINE G. HOBEi KA AND THANH K. TRAN 

The maintenance cost responsibilities for all classes of highway users on Vir· 
ginia's Interstate highways are examined. The purpose is to compare the future 
fuel-tax and registration-fee revenues to the future maintenance expenses con· 
tributed by each class of vehicles. The study is composed of four major steps : 
la) forecasting travel on each route by each class of vehicles, (b) forecasting 
general and replacement maintenance expendituros on oaoh route, (c) fore­
casting of fuel-tax and registration-fee revenues con trlbutotl by each class of 
vehicles on each route, and (d) allocation of maintenance expenditures. The 
allocation of general maintenance expenditures was performed by using the ve· 
hicle miles of travel for each class. The replacement maintenance expenditures, 
on the other hand, were divided into two categories : weight-related (allocated 
based on the equivalent single axle load) and environmental-related (allocated 
according to travel). The results show a cross-subsidy among different classes 
of vehicles and also among different routes. He@vil y trnvoled rou tos show high 
revenue-to-expenditure ratios over the study period (from 1981 to 1990). 
Based on the present fuel-tax rate and registration fees, the revenue-to-expendi-

ture ratio for the Interstate system in Virginia declines significantly toward the 
end of the decade, which suggests the need for an increase in fuel-tax rate and 
registration fees. 

The energy shortages in the early 1970s have forced 
the United States to conserve energy, especially in 
transportation. The conservation efforts resulted 
in increased automobile fuel efficiency, which in 
turn caused a decline in fuel-tax revenue--a major 
source of highway funding. The decline in revenue 
coupled with the constantly increasing highway con­
struction and maintenance costs have greatly de­
creased the ability of state highway agencies to 
maintain and improve the highway system. 

-,.. 
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Figure 1. Conceptual framework of 11Udy. 
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One of the immediate solutions to this financial 
crisis is to raise the highway user's tax. However, 
to equitably charge highway users, there is a need 
for a study on the revenues contributed and the 
costs attributable to different classes of vehicles 
(passenger cars and light, medium, and heavy 
trucks). The comparison between revenues and costs 
helps to formulate the tax rate for each class of 
vehicl.es so that a fair cost-responsibility scheme 
can be developed as a basis for future highway taxa­
tion policies. 

PURPOSE 

Several cost-responsibility studies have been con­
ducted in which the total expenditures at one point 
are compared with the total revenues by different 
c lasses of vehicles, independent of route character­
istics and of future variation in travel intensity 
and travel costs (l-3). Because of these shortcom­
ings, past studies-did not provide an accurate pro­
jection of revenues and highway costs and might have 
caused a bias in cost-responsibility assignment. In 
this study, the assignment of cost responsibilities 
was per formed on a route-by-route basis for the 
Interstate highway system in Virginia over a 10-year 
period (from 1981 to 1990). 

. With this approach, the purpose of this study is 
first to formulate a taxation scheme based on their 
respective responsibility; second, it is to examine 
the future financial viability of each route. Mani­
festation of the forme·r is the desired equity in 
taxation and of the latter is the possible innova­
tions in h ighway management such as the red i s tr ibu­
tion of funds and the establishment of toll roads. 

BACKGROUND 

Interstate Highway System in Virginia 

All major Interstate highways were considered in 
this study except those that are beltways around 
large metropolitan areas. These Interstate routes 
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are heavily traveled by both passenger cars and 
trucks and were div ided into two g·roups: (a) major 
through-state routes, which include I-81 (western 
Vitg inia ) and I-95 (eastern Virginia) and (b) local 
or feeder routes, which include I-66, connecting 
I-81 and the Washington, DC, metropolitan area1 I-64 
in central Virginia, intersecting I-81 and I-95; and 
finally I-77, running through the southwestern tip 
of the state and intersecting I-Bl. The location of 
the routes plays a significant role in the forecast 
of travel, which will be discussed later. 

Clas·sification of Vehicles 

Vehicles that use Virginia highways are grouped into 
four classes corresponding to the way in which 
traffic-volume data are maintained. The four 
classes are as follows: 

Class 1, which includes passenger cars, panel and 
pickup trucks, and two-axle, four-tire trucks; 

class 2, which includes two-axle, six-tire trucks 
(small dump and delivery trucks); 

Class 3, which includes three-axle, six- to ten­
tire trucks (primarily heavy dump trucks); and 

Class 4, which includes three-, four-, and five­
axle combination trucks. 

Buses are excluded from the study because of 
their extremely low volume on these Interstate 
routes. These classes of vehicles are used to more 
accurately determine the fuel-tax and 1:eg ist.ration­
fee revenues and also to allocate ma i ntenance ex­
penses based on travel intensities and weights. 

FRAMEWORK OF STUDY 

The framework of the study is illustrated in Figure 
11 it includes fou.r major tasks: travel forecast, 
maintenance-expenditure forecast, revenue forecast, 
and cost-allocation analysis. 

As shown in Figure 1, travel is a function of the 
state population, state economy, and travel cost. 
The influence of travel cost on trailer trucks, how­
ever, is assumed to be negligible since (a) the 
travel cost incurred to trailer trucks is more 
likely to be passed to the users of the commociities 
being transported and (b) the shift in transport 
mode and/or changes in demand due to increased 
travel cost may not be realized at the route level. 

The forecast of travel in conjunction with the 
age of the pavement is then used to forecast main­
tenance expenditures for each route. TWO other uses 
of the travel forecast are the estimation of fuel­
tax revenues and the equivalent single axle loads 
(ESALs). The former is also a function of the fuel 
efficiency of each class of vehicles, whereas the 
latter is a function of vehicle weights. The second 
component of revenues--registration--is a function 
of registration fees and vehicle registration . 
Registration fees in Virginia are based on the ve­
hicle gross weight for vehicles not designed or used 
f~r transportation of passengers. Vehicle registra­
tion was determined as a function of the population 
and the economy. From these esti111ated parameters, 
the cost-allocation analysis was perfor.med. In the 
following section, a detailed descr ipt.ion of each 
task is presented. 

DESCRIPTION OF TASKS 

Travel Forecast 

Multiple linear regression analysis was applied to 
forecast the average daily vehicle miles of travel 
(VMT) by each class of vehicles on each route, The 
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data set used includes the values of a number of 
independent variables from 1970 to 1979. The VMT 
for class-1 vehicles is assumed to be a f unctlon of 
the average household income, t_he number of house­
holds in the sta.te, c1nd the automobile operating 
cost per mi le. These variables were selected based 
on the hypothes i s tha the majority of veh i cles in 
this cl·ass are automobiles and the travel character­
istics are more or less i n the category of personal 
travel. For classes 2 and 3, the independent var i­
ables are the same: total state population, total 
state personal income, and truck operating cost per 
mile. The truck operating cost per mile was used 
because the travel b_y these classes is more local 
(short distance) in nature and the majority of these 
trucks is privately owned. Finally, the variables 
used to forecast travel of c l ass-4 vehicles are the 
state population and the total personal income since 
the t_ravel of heavy trucks is assumed to be more 
related to the state's economy. 

In the modeling process, I -81 and I-95 were con­
s.idered as the major routes .in the state because 
they are more frequently used for all trips. It is 
therefore hypothesized that the travel on I-81 and 
I-95 would have an effect on the travel on other 
routes. Thus, VMT on I-81 and I - 95 was used as the 
independent v.ar i able in the equations for other 
rGutes. The results· have shown that truck travel 
(classes 2, 3, and 4) on I-81 and I-95 indeed af­
fects truck trave l on other routes. The same phe­
nomenon did not occur for class-1 vehicles because 
the travel of this class is too highly correlated to 
household income and number of households in the 
state. 

The forecast of the state total personal income 
was performed by using an annual growth rate of 10 .5 
percent starting in 1980 (4). The proj ected values 
for the state population were adopted from a study 
done by the Virginia Department of Planning and 
Budget (~), 

Forecas.t of Maintenance Expendi tut es 

The maintenance expenditures are divided into two 
classes--general maintenance and maintenance re­
placement--according to the classi fication of the 
available data. General maintenance includes those 
activities that are performed every year or those 
that are more related to weather and environmental 
conditions. Maintena.nce replacement, on the other 
hand, includes the major maintenance activities that 
are related to travel intens ity and age of the pave­
ment. 

According to historical data (6), the price index 
of highway maintenance .increases at approximately 
the s·ame rate a s tha t of the consumer price i ndex of 
overall goods (CPIOG). lt is therefore hypothesized 
that fu t ure highway general-maintenance expendi tures 
depend on the value of CPIOG. The forecast of 
general-maintenance expenditures is performed on a 
per-mile basis for ease of computation. Percentage 
of the r eplacement expend i tures is in the pavement­
related work. I t i s therefore hypothesized that the 
maintenance-replacement expendi tures are functions 
of the tota l t _r uck travel (i.e., c l asses 2 , 3 , and 
4) and the age of the pavement. 

In formulating the equations for maintenance­
replacement expenditures, sever a l f orms of the 
regression model (including linear and nonlinear) 
were attempted and the bes t-fit models were se­
lected . This t ri a l-and-e rror process was us ed be­
cause the available data did not show a consistent 
pattern of expenditures among the routes. 

Forecast of Revenues 

The two sources of revenue used in the study are 
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fuel-tax revenues and registration-fee revenues. 
Fuel-tax revenues are computed based on the forecast 
VMT, the aver.age fuel efficiency of each class of 
vehicles, and the state fuel tax per gallon of 
fuel. The projected fuel effio.iency for class-1 
vehicles ranged from 15.5 miles/gal in 1980 to 25 . 6 
miles/gal in 1990. The average fuel. efficiency for 
all trucks was assumed to increase 1.4 percent pee 
year (7). This average figu.re was adjusted for 
classes-2, 3, and 4 vehicles by using the estimated 
percentages from past data (7). 

The registration-fee revinues for each class of 
vehicles were estimated as the product of the number 
of registered vehicles and the fees per vehicle, 
which are based on their size and weigh t . 

Expenditure Allocation 

Many different techniques have been used to allocate 
highway maintenance expenditu.res to vehicle classes 
(l ,8,9). A common problem that ex.ists in these 
techniques is the estimation of the proportion of 
ma i ntenance expenditures that is related to environ­
mental damage and the proportion that is related to 
traffic. The Joint Legislative Audit and Review 
commission of the Virginia General Assembly (1) used 
a split of 77 percent and 23 percent as weight­
related and environmentally related, respectively. 
The Federal Highway Administration (9), on the other 
hand, used a split of 70 percent and 30 percent as 
traffic-related and non-traffic-related, respec­
tively. For this paper, 70 percent of the replace­
ment-maintenance expenditures were assumed to be 
traffic-related and allocated according to the 
relative weight of each vehicle class by using 
ESALs. The remaining 30 perce.nt of the replacement 
expendi tures--which are assumed to be common to all 
vehicles--were allocated accoi:-ding to VMT of each 
vehicle class on the route. 

The general- maintenance expenditures were trea·ted 
as common to all vehicle classes and allocated ac­
cording to VMT. This is because a large fraction of 
the activities are related to the environment and 
weather instead of to vehicle weight. Thus the cost 
responsibility of each vehicle class was estimated 
based on the use of the highways. 

Revenue Attribution 

The two major sources of revenues considered, as 
mentioned previously, were fuel-tax revenues and 
reg.istration-fee revenues. Since the V'K'I' by each 
class of vehicles on each route was determined, the 
amount of fuel consumed is obtained by dividing the 
VMT b_y the corresponding average miles per gallon. 
The fuel-tax revenue attributed by each class is 
simply the amoun t of f ue l consumed mult i plied by the 
fuel-tax rate. The tax rate was held constant 
during the analys i s period for the purpose of as­
sessing the adequacy of future fuel-tax revenues. 

The attribution of registration-fee revenues by 
each class of vehicles on each route was estimated 
as the product of the registration-fee revenues per 
VMT for that particular class and the VMT of that 
class on the route being considered. 

Based on the developed equations and procedures, 
revenues and maintenance expenditures for eaoh route 
were est i mated for the period from 1981 to 1990. 
The following section will present the results of 
the study. 

RESULTS OF STUDY 

Travel 

Travel increases by about 67 percent in 10 years on 
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most of the I nterstate bl.ghways i n Vi rg i n i a by all 
classes of vehicles ( from 20, 2 million VMT/day in 
1981 to 33 .6 mi llion VMT/day in 1990). The largest 
shares are care ied by class -1 and class -4 vehicl es. 
I-64, I-8 1 , and l-95 rema i n the most heavily 
t raveled routes, fol.lowed by l-495, I-66, I-77, and 
I-85. The tr ave l of hea vy tr ucks (class 4) i n Vi r ­
ginia i s primari l y conducted on ! - 81, I - 95, and I -64 
in that descend i ng order. Those routes consti tu te 
approximately 87 percent of the total trave.l by 
class-4 vehicles on t he I nterstate h i ghways in Vir­
ginia. Clas s- l vehicl es dominate the trave l on a ll 
the Interst ate highways: per centa ges r ange ftom 49 
to -91 percent o f a ll t he travel on the route. The 
continued growth in population and in total personal 
income in Virginia in a ddition to the deccease in 
the number of persons per household are the main 
forces behind the sustained growth in travel. 

Expenditures 

The projected ma intenance expenditures for the sys­
tem (excluding urbc1n beltways) increase at an annual 
rate of 10 percent. Cl a s s-! veh i cles, according to 
the model allocat i on procedure discussed earl i er, 
produce the most costs ; percentages range from 57 
percent in 1981 t o 62 percent in l.9901 class-4 vehi­
cles follow with percentages ranging from 36 to 32 
percent in 1981 and 1990, respectively, Cl .ass-) and 
class-2 vehicles contr i bute only a small share, 
approximately 3 and 4 percen t of the total ma i nte­
nance expenditures, .respec t ively. Rowever, this 
picture is no t consistent over all the routes of the 
system. Trailer trucks (class 4) produce more total 
maintenance cos ts than class-1 veh i cles on I-81, 
I-85, and 1-495 accordi ng. to the cumulative 10-year 
expenditur e s shown i n Table l. This cla.ss of vehi­
cles comes c l ose to pr oduci ng the same cos t s a s 
class 1 on I-77. I n spite o f t his va.riation in cos t 
distr ibution among classes, I-64, I-81, and I-95 
generate most of the costs (79 percent) of the 
system (see Table 1). 

Revenues 

Consi stent wi th expenditures, class-! and class-4 
vehicles are the predomi nant generators o f revenue 
and prov i de the highest f uel-tax a nd registration 
revenue, r espectively. Regi s tration revenue makes 
up approximately 18 percent of the to t a l revenue, 
which is struc t ured on the gross we i gh t of the 
veh i cle in Vi rg i n i a. Bes ides, the annual inccease 
in revenue, whether fuel-tax or registration, is 
growing at about 3 percent under the exis ting tax 
structure, compared with 10 perce nt annua l gr owth in 
expenses. 

Similar to expenditures, trailer trucks con tr ib­
ute more revenue than class-! vehicles on I-81, 
I-85, I-77, and I-95, as shown in Table 2. With 
respect to tot.al revenue, I-81, r-64, and I-95 pro­
vide the largest amounts of revenue in that descend­
ing order (see Table 2). 

Allocation Analysi s 

In general, the results show that the total revenue 
is greater than the maintenance expenses on all the 
routes for the study period. On the average, the 
ratio of revenue to expenditures varied from 1.54 to 
4.11 on the d i fferent routes of the Interstate sys­
tem in 1981 and will d rop from 1.17 to 2.84 in 
1990. Also, the revenue-to-expenditure ratio for 
all classes of vehicles drops from 3.07 in 1981 to 
1.74 i n 1990 as shown i n Ta ble 3. Class es 4, 2, 3, 
and 1, i n t hat order, pr ov i de the h i ghes t percentage 
of revenue to expend i tu.res. The r eas on for this 
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outcome is that class-4 vehicles have the lowest 
number of miles per gallon of fuel and class-! vehi­
cles have the highest. And from the point of view 
of expenditure, class-! vehicles have the most VMT 
on the Interstate system and therefore take a much 
larger share of general-ma intenance expenditures, 
which is the major component of mai ntenance expendi­
ture. 

The results also show that class-! vehicles on 
I -77 and I - 85 and c l ass-3 veh i cles on I - 495 produce 
revenues that are only 93, 62, and 8.1 percent of 
the i r con t r i buted maintenance costs, respectively 
(see Table 3) • There are two possible reas ons for 
th i s. First, the VMT by class-! veh i cles on the 
first two r·outes and clas s 3 on I -495 are l ow com­
pared with that for the other routes, thus causing a 
small contribution in gasoline-tax revenues. 
Second, because of the geographical location of 
these routes, a part of class-! vehicles is likely 

Table 1. Total 10-year expenditures by class and route. 

Millions of Dollars 

Route Class I Class 2 Class 3 Class 4 All Classes 

1-64 115.30 4.68 2.55 28.94 15 1.48 
1-66 23 .67 1.01 1. 18 3.31 29. 17 
1-77 14.3 1 0.84 0.24 6.79 22 .18 
1-81 56.76 3.88 1.63 53.74 116.01 
1-85 12.50 1.22 0.2 1 7.88 21.82 
1-95 46.21 2.69 2.17 25.76 76.84 
1-495 5.40 1.41 2.05 7.34 16.20 

Table 2. Total 10-year revenues by class and route. 

Millions of Dollars 

Route Class I Class 2 Class 3 Class 4 All Classes 

1-64 171.45 11.04 3.93 53.32 239.73 
1-66 35.98 2.69 2.24 7.75 48.66 
1-77 13.27 l.92 0.6 1 20.92 36.73 
1-81 95.41 13.82 5.29 213.68 328.20 
1-85 7.72 l.86 0.45 21.04 31 .06 
1-95 122.81 12.05 6.49 95.53 237.88 
1-495 38.66 3. 13 1.67 7.48 50.93 

Table 3. Ratios of revenues to expenditures. 

Rou te Year Class I Class 2 Class 3 Class 4 All Classes 

By Class and Year 

198 1 2.57 3.73 2.54 3.97 3.07 
1982 2.46 3.63 2.44 3.8 1 2.94 
1983 2.24 3.42 2.32 3.60 2.72 
1984 2.03 3.23 2.21 3.42 2.53 
1985 1.9 1 3.07 2.11 3.25 2.38 
1986 1.73 2.88 2.01 3.07 2.19 
1987 l. 60 2.76 1.94 2.95 2.06 
1988 I.SO 2.67 l.88 2.85 l.96 
1989 1.41 2.58 l.82 2.75 l.86 
1990 1.31 2.46 1.76 2.63 1.74 

By Class and Route (sum of 10 years) 

1-64 1.49 2.36 l.54 1.84 1.58 
1-66 1.52 2.65 l.90 2.35 1.67 
1-77 0.93 2.29 2.54 3.08 l.66 
1-81 1.68 3.56 3.24 3.98 2.83 
1-85 0.62 l.52 2.14 2.67 l.42 
1-95 2.66 4.47 3.00 3.75 3.10 
1-495 7.16 2.22 0.81 l.02 3.14 
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to be out-of-state vehicles, whose registration-fee 
revenue could not be accounted for, 

CONCLUSION 

The study results showed that the forecast revenues 
collected from each class of vehicles are greater 
than the expected maintenance expenditures on the 
Virginia Interstate highway system. They also indi­
cated tha.t there is a cross-subsidy among the routes 
in the state (i.e., heavily traveled routes generate 
more revenue than lightly traveled routes), 

In general, heavy trucks (class 4) using the 
Interstate highway system in Virginia contribute 
more revenue than other classes of vehicles. And 
among all classes, the revenue-to-expenditure ratios 
are significantly different, which suggests a cross­
subsidy even between the classes of vehicles. 

With the present tax structure (fuel-tax rate and 
registrat i on fees), the revenues collected from the 
use of the state highways in Virginia are likely 
insufficient to pay for the maintenance expenses, 
much less for the construction of new highways in 
the next 10 years. An increase in highway user 
charges seems necessary in the near future to cope 
with the increasing maintenance cost. Manifestation 
of this need is the fact that the Interstate high­
ways have had the highest revenue-to-maintenance­
expenditure ratio and this ratio seems to decline 
rapidly in the next 10 years. 
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Transit Financing and the Cities: The Record and the 
Views of the Nation's Mayors 
LINDA GORTMAKER 

Because of the concerns expreised by the nation's mayors and other elected 
officials about tho financial condil'lons of their cl ties' transit aystoms, tho U.S. 
Conforonco of Moyors, in cooperation with the Urban Mass Transportation Ad· 
ministration, conducted a survey in the fell of 1980 on tho current local tran,lt· 
financing situation across the nation. Although many studias have been con­
ducted about Individual ,ystoms or transit financing in general, none have pro­
vided o sys1ematJc, comprehensive view of the fiscal problem, of the nation's 
major general1>urpose transit systems. Although city govornmonts have dole· 
gated tho day-to-day operations of most urban transit systems to transit 
nuthorities, many transit agcnclot lack independent financial powers. The 
public turn, to local elected officials to develop ways to raise funds for capitnl 
and operations. This ttudy investigated the'8 areas from the mayors' perspec­
tive: current support lovels for transit; earmarked transit taxes and other fl. 
nanclal resources; adminiS1rntivo and intergovornmontal relationships; prob· 
lems with fedora!, state, nnd local funding p1ogrnms; faro policy end pricing; 
potential now funding options for cities end oleeted officials' reactions; voter 
occuptabllity of funding options; impoC1 of SeC1ion 504 rogulotloni; and recom­
mendations from tho cities themselves on ways to solve their translt·llnanclng 
dilemmas. In this survey, 132 cities participated of a possible 139 major cltiOJ 
from urbanized areas that had a population of more than 200 000 plus two 
dozen smaller cities. Both telephone and mail-back interview techniques were 
used. 

Mayor s have long recognized that public transporta­
tion is essential to their communities' vitality and 
economy. As financial resources at all levels grow 
tighter, mayors face g reate-r challenges in financing 
the capital and operating costs of their transit 
systems, This is made even more difficult by the 
soaring price of gasoline and by other factors, 
·which in many cities have pushed riderships to their 
highest levels, In the context of these challenges, 
the U.S. Conference of Mayors, in cooperation with 
the Urban Mass Transportation Administration of the 
u .s. Department of Transportation, undertook a 
comprehensive survey of 139 cities to document the 
transit-financing performance and outlook for the 
1980s of the nation's ci ties . 

The Reagan Administration's new public transpor­
tation policy emphasizes the use of federal funds 
for capital e xpenditures for tr ansit systems but 
seeks a solitary local and state role in financing 
operating expenses after FY 1984. 

The federal-state-local partnership has charac-

-... 
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terized national public transportation policy for 17 
years. Since federal operating assistance started 
in 1974, the federal government has worked hard, 
primarily with local governments, to develop public 
transportation financing as a joint effort. Now 
more than ever, the need is great for continued 
leadership by local elected officials in planning 
and implementing new state and local funding sources 
for transit as strong elements of that partnership, 
The Conference of Mayors' survey results show vital 
evidence of that local leadership. 

CITIES: SHARING TRANSIT-FINANCING BURDEN 

Elimination of the federal operating-assistance 
program for transit would mean a step backwards in 
financing policy and in the progress the nation's 
transit systems have made in recent years. When 
federal, state, and local governments initiated 
their fiscal support of public transit systems in 
the 1960s, these systems had moved from self­
supporting private companies to debt-ridden opera­
tors confronted by bankruptcy in a declining in­
dustry. 

Faced with the prospects of losing their transit 
systems, most cities elected to provide some form of 
fiscal support. At the federal level, priority was 
given to replacing capital equipment that had been 
allowed to wear out; the local governments were to 
pick up the operating deficits. In the mid-1970s, 
that federal policy began to provide support toward 
operating costs, reflecting the growing needs of 
transit and the federal policy decision that there 
should be assistance to keep fares from becoming too 
great a burden on individual passengers, many of 
whom are elderly and have low income levels. 

. As the gasoline shortage of the 1970s and sky­
rocketing prices pumped riders into buses and rail 
systems, cities around the country initiated pro­
grams to further upgrade their transit systems, and, 
not surprisingly, public transit's share of local 
government budgets increased, even with considerable 
federal aid available. Thus, the importance of 
local fiscal contributions to transit has been 
increasing steadily, and in recent years local 
governments have become especially active in estab­
lishing local and state taxes for transit support 
and other financing innovations. 

The Conference of Mayors' survey of the mayors of 
139 cities included all major cities from urbani zed 
areas that had a population of more than 200 000 and 
two dozen smaller cities (1). The public turns to 
mayors and other local elected officials to develop 
ways to raise funds for capital and operations. The 
Conference of Mayors' survey found that mayors not 
only take this responsibility seriously but have 
made great strides in recent years in the area of 
transit financing. According to the survey, the 
following facts were observed: 

1. Despite the fact that in almost 80 percent of 
the cities the transit agency is not a formal part 
of city government, 62 percent of the cities cur­
rently contribute some local funds to transit; 

2. Almost half the cities responding reported 
that they have state or local tax sources earmarked 
specifically for tra.nsit capital and/or operating 
funds, and 21 more said they are planning to estab­
lish such a tax within the next two years; 

3. Of the cit ies responding, 66 percent (two­
thirds) reported fare increases during the first 
nine months of 1980; between 1979 and the first nine 
months of 1980, 80 percent of the systems reported 
they had a fare increase; and 

4. When asked to rank in priority 10 local 
transit-financing issues, mayors gave highest prior-
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ity to developing new local tax revenues. 

In a separate survey taken during April 1981 (1), 
the Conference talked to mayors' offices in 100 
cities to assess the specific impact of the Reagan 
Administration's proposal to drop public operating 
assistance after FY 1984. Although the cities in 
the earlier transit-financing study and the April 
survey were not precisely the same, almost all large 
cities participated in both, and the April survey 
results were overwhelming. 

Cities predicted steep fare increases, ridership 
decreases, and reduced services if the Administra­
tion's proposal were adopted for future years. The 
proposal recommends that public transportation 
operating assistance, some $1.1 billion in FY 1981, 
be phased out over FY 1983 and 1984. Ci ties would 
receive sharply reduced funds to assist in operation 
of transit systems during those years and none at 
all after FY 1984. 

Although local governments, as the Conference 
transit-financing survey shows, already bear the 
major burden of paying for 
consequences are predicted if 
eliminated, as summarized below: 

Consequence 
Substantial fare increases 
Moderate fare increases 
Significant ridership decreases 
Reduction in services 

their systems, dire 
the federal role is 

Cities Responding 
(%) 
46 
20 
65 
57 

Significantly, the impact of the proposed elimi­
nation reflected no geographic or city size bounda­
ries. One major northeastern rail system city saw a 
40 percent fare increase over the current level of 
65 cents. Another medium-sized city in the Rocky 
Mountain region foresaw a fare increase to SO.BO or 
$1.00 over the current level of $0.40. A Great 
Lakes university town looked• for a doubling of 
fares, and a midwestern industrial city saw similar 
fare increases. 

Significantly, fare increases are no guarantee to 
cities of an increase in revenues. Indeed, they 
could have the opposite effect, decreasing revenues 
by driving people back to their automobiles. The 
example of one Pacific Northwest city was instruc­
tive: a fare increase instituted a year ago re­
sulted in a 10 percent decrease in ridership. One 
city estimated that a 33 percent fare increase 
yields a 6 percent ridership decrease. 

Public transportation is particularly important 
to the nation's low-income urban residents; they 
often have no alternative transportation. There­
fore, the impacts of eliminating operating assis­
tance would hit them disproportionately. From a 
Northern California city came the comment that 
ridership would probably remain about the same on 
regular routes because poor residents must use 
public transit, and they would have to absorb higher 
fares. The elderly are similarly affected; one city 
estimated that 70 percent of its elderly population 
use the public transportation system. 

Although cities have been developing their own 
local resources to pay for transit, the message from 
this survey seemed clear: A continued federal role 
in some form of operating-assistance program will be 
necessary to prevent significant transportation 
problems in cities. 

LOCAL FINANCING AGENDA FOR 1980s 

As Congress and the Administration grapple with the 
future of public transportation programs, cities 
across the country face the hard, more immediate 



26 

task of raising revenues--at both state and local 
levels--to meet rising transit operating deficits. 
Following is a more detailed summary and brief 
analysis of what these results mean for mayors and 
cities as well as a description of the approach used 
in conducting the survey. 

Major areas the Conference covered in its survey 
include the following: 

1. Current support levels for transit; 
2. Scope of earmarked transit taxes and other 

financial resources; 
3. Administrative and intergovernmental rela­

tionships; 
4. Problems with federal, state, and local 

funding programs; 
5. Fare policy and pr1c1ng; 
6. Potential new funding options for cities and 

elected officials' reactions; 
7, Voter acceptability of funding options; 
a. Impact of regulations of Section 504 of the 

Rehabilitation Act of 1973; and 
9, Recommendations from the cities themselves on 

ways to solve their transit-financing dilemmas. 

The strategy adopted was to contact the mayor of 
each city included in the study directly to obtain 
views and information on the major general-purpose 
transit system serving the area. In order to do 
this, a survey technique was used to elicit factual 
information on the transit systems and attitudes and 
views on key issues. Specifically, these steps were 
followed: (a) Key issue areas were identified; (b) 
a survey instrument covering key issue areas was 
designed; (c) the population to be surveyed (i.e., 
urbanized areas) was identified; (d) the survey 
instrument was pretested and necessary modifications 
were made; (e) advance-mail surveys were sent to 
selected cities with instructions on how to complete 
the quantitative questions and arrange for telephone 
interviews covering t!he attitudinal portion of the 
survey; (f) the telephone interviews were conducted; 
(g) review of survey responses was conducted and, 
where necessary, follow-up telephone calls were 
made; (h) codings were prepared for computer analy­
sis, including hand-coding for open-ended questions; 
( i) surveys were processed and computer outputs and 
tabular presentations developed; and (j) results 
were analyzed and a final report was prepared. 

A total of 139 cities were selected for partici­
pation in the survey and 132 agreed to participate; 
the survey was conducted during August-October 
1980. In four of the cities, officials were asked 
to complete questions for two transit systems; these 
included San Francisco, Detroit, Newark, and Wash­
ington, D.C. This brought the total number of tran­
sit systems selected for the survey to 143. 

CURRENT SUPPORT LEVELS AND TAXES 

In conducting this study, one of the first questions 
asked of mayors' offices ~as whether the city con­
tributed to the general-purpose transit system serv­
ing their area. Of the 132 cities participating in 
the study, 82 (62 percent) said they were currently 
contributing some local funds; of these 82 cities, 
67 percent (55 cities) were from urbanized areas 
that had populations of 500 000 or less. 

While governments at all levels are facing in­
creasing constraints on their budgets in general and 
transit funding in particular, cities already appear 
to be making steady progress in developing local and 
state revenue sources as the prospect of a changing 
federal role for operating subsidies looms ahead. 
Of 101 cities responding, 46 (46 percent) reported 
that they had state or local tax sources earmarked 
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specifically for transit capital and/or operating 
funds. Almost half the 46 cities were from urban­
ized areas that had populations of 750 000 and 
more. Fifty-five cities reported they had no ear­
marked transit taxes in place at the present time, 
but almost half (21) of 54 cities responding said 
they were planning to establish such a tax within 
the next two years. 

The cities reporting earmarked taxes were further 
asked to indicate the type of tax being earmarked. 
Of the 46 cities reporting earmarked taxes, 22 
cities use the sales tax, 8 cities use a gasoline 
tax, 11 cities use property taxes, and the rest use 
other forms such as utility, employer, vehicle, and 
oil-company profits taxes, which suggests consider­
able variation. 

ADMINISTRATIVE AND INTERGOVERNMENTAL ENVIRONMENT 

The increasingly fragmented nature of local govern­
ments across the country is symbolized in the rela­
tionships between general-purpose transit systems 
and city government. Questions on this relationship 
were postulated in the survey, and 130 cities re­
sponded. Of the 130 cities, 101 (80 percent) said 
that the transit agency was not part of city govern­
ment; almost 40 percent of the 101 cities are in 
urbanized areas that have populations of less than 
200 000, In terms of the larger cities, only about 
14 percent of those cities where the transit agency 
was reported to be part of city government were from 
urbanized areas of 7 50 000 or more population . 

Cities were also asked about their transit sys­
tem's fiscal and tax powers. Of 100 systems re­
sponding, only 25 (one-fourth) possessed independent 
taxing or other fiscal capacities. Of those 25 
systems, 18 identified taxing power; some systems 
had more than one power. Eleven agencies have tax­
ing power based on property tax; 6, based on sales 
tax; 1, vehicle tax; 2, income tax; and 2, other 
forms of tax. In addition, of those 25 cities with 
financial powers, 7 can issue bonds, 4 can set 
fares, and 3 possess other miscellaneous powers. 

Perhaps even more significant is the fact that at 
least three-fourths of the cities responding to this 
survey question indicated that the major general­
purpose transit system lacks any power to develop 
new local revenues. When regional transit authori­
ties are established by law or referendum, the power 
to levy some type of tax is frequently part of the 
legislative package, and the coming decade may see 
more of these arrangements. 

FUNDING PROGRAM PROBLEMS: FEDERAL, STATE, AND 
LOCAL LEVELS 

Cities are experiencing severe financing problems 
with their transit systems despite a variety of 
federal, state, and local programs designed to help 
out with both operating and capital expenditures. 
To determine where present programs might be im­
proved for greater efficienc ies and economies, the 
Conference of Mayoi;s included a section in the sui;­
vey designed to identify those parts of the transit­
financing process with which cities may have had 
particular problems or whe re they have faced major 
bottlenecks in implementing transit-financing plans. 

In general, very few problems were noted with 
state or local transit-funding programs, a reason­
ably predictable result since participants in sur­
veys are more inclined to be critical of programs 
away f rem home. In terms of federal programs, the 
extent of problems identified varied by program 
type. Demonstration (Section 6) and planning (Sec­
tion 8) grants showed fewer problems; more com­
plaints were noted in the capital and formula grant 

i 



Transportation Research Record 858 

programs, especially in the areas of regulations and 
program administration. On balance, however, the 
number of complaints seemed' relat i vely small. 

PRESENT FARE POLICIES AND PRICING 

A transit system's fare policy provides the means to 
raise additional revenues, Transit systems can 
charge different fares for peak periods , weekends, 
or for special users as a means of increasing reve­
nue a nd be t t er links to cos t s . Despi te t hese op­
tions , t he majority of tra nsit s ystems r eport ing in 
this study use flat fares and s how no variat ions in 
response to base and peak periods, 

Of 112 transit systems responding to this partic­
ular question, close to 60 percent use a flat fare 
(64); two-thirds of these 64 flat-fare systems were 
from medium-sized or small cities (urbanized areas 
of 500 000 and less) , About one-third ( 3 5) of the 
systems reported a combination of flat and zone 
fares, and only 10 percent (11) of the systems 
reported using a zone fare, (Almost three-quarters 
of the systems with zone fares are from urbanized 
areas of 750 000 or more.) 

In terms of fare variations over time, of 106 
systems responding, close to 80 percent show no 
variation throughout the day, and only 3 percent 
reported variations .between weekdays and weekends or 
holidays. 

An importan t s o urce of r e venue is fa r e i nc reases, 
and th i s study s hows t:'hat cities seem to be do ing 
their s ha r e . Of 106 systems respond i ng , two-thirds 
reported fare increases in 1980 (covering only the 
first nine months of the year). Between 1979 and 
the first nine months of 1980, almost 80 percent of 
the systems reported that they had had a fare in-
crease: 

Mos t Rece n t Fare Increase Cities Re s 122nding !'l 
1979 13.2 
1980 (first nine months) 66.0 
Total 79,2 

FAREBOX AND OPERATING EXPENSES 

Cities were asked to repor t the r e l ationship between 
farebox revenues and ope rating expenses in 1980. Of 
90 systems reporting, 30 percent (27 systems) re­
ported a farebox-to-operating-expense ratio in the 
range of 40-50 percent, and 13 perce nt (17 systems) 
were in the range of 50 percent and more . 

Developing a fair and equitable policy for set­
ting fares can be a challenge, and some cities have 
tried to make their fare structures sensitive to 
certain inflat ionary fac t o r s , such as labor wages, 
especially in California whe re t his is ma ndated by 
law. When cit i e s were asked if they would be will­
ing for their transit systems to tie labor wage 
increases to the farebox, 71 percent (66 of 93 sys­
tems responding) said no. 

The study also found that general-purpose transit 
systems develop estimates of average revenue (fare) 
per passenger. Of the 113 s ystems respondi ng to a 
ques tion on this issue, 88 percent said t hey prepare 
average revenue estimates, In response to a ques­
tion on how they prepared these estima t e s, 60 of 92 
systems (65 pe r ce nt) s aid t hey use a simple equation 
of total revenue divi ded by unli nked passenger 
trips, a method t ha t unde restimates average revenue 
per passenger by ignoring transfers, 

In terms of their estimates of average revenue 
per passenger, for approximately 90 systems respond­
ing to the conference study, the median was 26 cents 
in 1978, 27 cents in 1979, and 31 cents in 1980. 
This represents an increase of 14 percent from 1979 
to 1980 and an average annual rate of about 9 per­
cent since 1978. 
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TRANSIT PASSES 

The use of spec ia.l employe r tra ns it passes to pay 
for fa r es has now bec ome a n e stablished t r end i n all 
city sizes , e s pec ially si nce t he l ong gasoline l ines 
in the s ummer of 1979 when many transit systems 
across the country wi tne s sed dramatic surges in 
ridership. Of 113 s ystems responding to questions 
on use of special passes, the Conf erenc e 's study 
shows that 81 percent said they use specia l transit 
pass e s , a lmost ha l f o f whic h a re monthl y passes . In 
addition, almost 60 perc:;ent of t he s y s t ems respond­
i ng use s ome type of empl oyer t icket pu r c has e p ro­
g r am , almost 80 percent o f wh i ch provide par t ial or 
f u l.l s ubsid i es t o empl oyee s . 

LOCAL FINANCING CHALLENGE 

Ci ties can choose from a variety of approaches in 
developing a workable, successful plan to meet their 
operating deficit. This study examined how transit 
systems forecast what their operating deficit will 
be and looked at what minimum share cities are will­
ing to pledge from f a r ebox revenues . In addition, 
mayors' o f f ice s were asked to assess voter reaction 
to new ways to raise local and state revenues for 
transit, 

Future Needs and Programs 

A s ubstant ia l proportion of the na t ion's large 
transit s ystems a r e plann i ng me ans for dea ling with 
the i r o pera ti ng defic i t p roblem, a substan t ial num­
ber are even developing five-year planning hori­
zons. Of 90 systems responding to a question on 
this subj ec t, 70 percent (63) said they prepare 
projectio ns of their operating deficits. Of these 
63 systems, 61 identified the actual period, Of 
considerable interest is the fact that 44 of the 61 
systems (72 percent) covered the period through 
1984-1985, 

The median of forecasts of the ratio of systems' 
operating revenues to operating deficits indicates 
that transit systems expect operating revenues to be 
a decre ased share of support relative to operating 
defic i ts, 

Farebox Attitudes 

Even in the face of anticipated tighter financial 
conditions, mayors indicated in the survey that 
farebox revenue should cover a reasonable portion of 
operating deficits. Of 90 cities responding, almost 
95 percent (85 cities) said they felt that there 
should be a mini mum share of ope r at i ng expenses for 
which fa re box revenues should be responsible . Spe­
cificall y, cities were asked to i ndic a te what that 
share should be. For 72 respond ing cities, the 
median (minimum) share was about 40 pe rcent. 

When the minimum shares cited by the cities were 
compared wi th their reported percentage ratio of 
fare box revenues to opera ting expense, the medians 
showed relatively close correspondence--36 and 38 
percent, respectively. This suggests that cities 
feel that their transit systems are very close to 
the desired minimum, and detailed review of the 
farebox/ expense responses shows that up to a ratio 
of 40 percent, most (70-80 percent) of the systems 
responding felt they were above the desired minimum. 

Funding Opt i ons a nd Vote r Accep tabil ity 

This study attempts 
financial conditions 
systems but also to 
might be realist ic, 

not only to show what current 
are for the nation's transit 
identify att itudes about what 
po.litic a lly f eas i ble alterna-
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tives available to decisionmakers at all levels for 
improving the situation . The mayors participating 
in the study were asked to _indicate what transit 
funding sources would be most acceptable to their 
local voters. Of 94 mayors' offices responding, 
general fund appropriations and fare increases were 
considered to be most acceptable to voters. The 
least acceptable were property, payroll, and parking 
taxes, and a lottery. 

TRANSIT-FINANCING AGENDA FOR 1980s 

As the cities and other units of government struggle 
co pay for their transit systems in the coming 
decade , mayors fi nd that pinpointing their needs and 
setting priorities are two of their most important 
responsibilities. To determine what the nat i on' s 
mayors beUeve the major transit-finance issues and 
needs will be in their communities over the next 
five years, the Conference study asked mayors' 
offices to rank 10 issues in order of importance. 

Of 109 cities listing a first-priority rank, 30 
gave first priority to developing new local tax 
revenues. In addition, 23 cities gave first prior­
ity to securing operating funds for expansion of 
system routes. Eighteen cities gave first priority 
to improving present service levels. Below is a 
summary of what cities rank as the top three issues, 
combining some of the ind ividual issues listed in 
the original survey into broader categories: 

Issue 
Increased revenues: 

fares and/or local 
tax 

Increased funding 
for improved ser­
vice levels and/ 
or route exten­
sions or additions 

Capital for system 
expansion and/or 
replacement 

Number of Cities Ranking Issue 
First Second Thi rd 
Priority Priority Priority 
34 8 14 

41 44 37 

14 28 25 

The above tabulation makes it quite clear that in­
creased revenues and funding for service improve­
ments and expansion represent important local con­
siderations. 

l>.ppreaches and Recommendations 

To achieve these goals, mayors indicated their 
willingness to push for new taxes at the .local 
level, want more support from state governments in 
terms of f i nancial resources a nd legislation for 
taxes, and want more flexibility and predictability 
in federal funding and programs. Al though it is 
recognized that there is a continued need for a 
federal operating assistance program of some kind, 
the area in which cities seem to feel f ree to ask 
for more federal funds is in capital improvements, 
which the Reagan Administration has ind icated is its 
own priority as well. 

Special Needs and Issues 

Two issues--serving the needs of the elderly with 
more routes and service quality and serving the 
needs of the disabled with a fully accessible tran­
sit system--were r anked as the two lowest priorities 
by cities in the Conference survey . However, this 
did not indicate an unwillingness to serve special 
groups. In terms of spec ial services provided to 
the elderly and handicapped by the genera.1-purpose 
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transit agency , of 110 respondi ng systems, 93 (85 
percent) indicated they were providing service, and 
almost all systems provided some type of fare sub­
sidies to these groups. 'fhese services were often 
in addition to special transportation services being 
provided to the elderly and handicapped (and other 
special groups) by the cities, freque ntly in the 
form of a social service agency transport system , 
although sometimes as a special service contracted 
to the transit agency. 

Almost all of the cities participating in the 
Conference study said their transit agency is pre­
paring a plan for compliance with the U.S. Depart­
ment of Transportation's regulations concerning 
Section 504 of the Rehabilitation Act of 1973. A 
number of cities predicted future difficulties. Of 
93 systems reporting , more than half said they saw 
no problem in complying with Section 504 regula­
tions, but one-third said they would have to dis­
continue special services because of compliance . 
When the 504 regulations are lifted this summer, 
however, compliance efforts may ta~e new d irections . 

CONCLUSIONS 

On the progress in local transit financing, there 
should be no debate. There will be considerable 
discussion, though, in coming months on the future 
of the federal role in transit operations. The 
federal role might remain constant or grow somewhat, 
and initiati ves were taken •by the Conference and 
other interest groups last spring to develop a new 
approach for federal transit funding~the block 
grant. Mayor Lionel Wi.lson of Oakland, California, 
who testified for the Conference in the Senate in 
May , said the block-grant approach could "guarantee 
flex i bility at the local level with assurance at the 
national leve.l that the federal dollar is spent 
wisely . " The block-grant approach , which would 
_include a bus program, rail program, and discre­
tionary program for vario1:1s construct ion and major 
investments , is being developed by Congress at this 
time but will more likely be finalized as an option 
later in 1982. 

No matter what form future federal funding takes, 
the need for increased local funding for transit 
will become greater in the next decade because 
rising costs are sure to outpace any federal role. 
Local officials will assume an even larger share of 
the responsibility for meeting these costs. 

In deciding how to meet its transi t system's 
operating deficit, a city faces a variety ot choices 
that require careful consideration of both supply 
and demand issues. On the supply side, one way to 
close the revenue-cost gap is to lower the level of 
service and thereby reduce total costs. However, 
here the revenue impact is uncertain. Some ways to 
lower service levels would be to drop underutilized 
routes and/or to reduce service quality by imple­
menting longer headways or cutbacks in maintenance, 
These choices are usually difficult to achieve and 
have dire consequences for the mobility of citizens 
and the economy of the city . 

Alternatively , communities can develop financing 
strategies. These include (a) new sources of reve­
nue s uch as a ta~ increase or earmarking or (b) 
increased fares. Fares, however, cannot rise to 
unreasonable levels. If they do, it can discourage 
transit use, especially for those who can least 
afford to pay. In terms of increased taxes or other 
similar revenue producers, cities in the Conference 
study have already shown considerable progress in 
this area and plan to increase their efforts, even 
if federal operating support is continued. 

How cities balance all these alternatives and how 
they resolve these issues will determine the future 

-I 
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of transit for the next decade. One point is 
clear: Though strong federal and state assistance 
will be required, cities will continue to have the 
leadership role in transit financing. 
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Options for Financing a Regional Transit Authority 
DENISE DiPASQUALE AND CHRIS HENDRICKSON 

Transit service stoppages for lack of funds and eleventh-hour makeshift fi­
nancial 1olutions have become all too common ln recent years. Regional laxes 
dedicated to transit service subsidization are Increasingly popular and may be 
necessary for continued operation In many U.S. metropolitan eraas. Although 
those tll)(es are relathiely new, they are under active consideration In many 
areas in response to rapidly increasi ng transit deficits and tho current adminis, 
tration's proposed reductions in federal operating subsidies. This paper com­
pares the efficiency and equity of various taxe, tor these purposes, including 
motor fuel, real esrate, sales, wage end income taxes as well as rare Increases. 
Data on the tax levels required and resulting burdens by income class are re­
ported for the Pittsburgh region. Tax payments per trip are also estimated by 
income class as an indication of the distribution of net benefits . Broad-based 
wage or income taxes seem to be the most desirable sources, coupled with close 
attention to potential reductions in transit expenses. Sales taxes are also an 
acceptable tax sourc:1!, although they havo a smaller tax base and a slightly 
more regressive effect than wage or Income taxes. 

Government assistance for transit service burgeoned 
in the past decade. In 1970, total subsidy for all 
modes of public transit was $541 million in the 
United States. By 1978, subsidies had increased to 
$5.264 million, representing more than a fivefold 
increase in real dollars (!,l>• Funding the capital 
requirements and operating deficits of existing and 
desired transit services has become both a substan­
tial undertaking and a continuing problem in many 
metropolitan areas. Transit service reductions or 
stoppages for lack of funds have occurred in several 
areas recently, including Chicago, Birmingham, and 
Boston. Eleventh-hour makeshift solutions such as 
special state appropriations or loans have become 
all too common in the past few years. 

The rapid increase in the level of subsidy has 
been accompanied by major changes in the sources of 
subsidy funds. Prior to 1973, no funds for operat­
ing assistance were provided by the federal govern­
ment. By 1978, federal grants for operating assis­
tance totaled $567 million for the 26 largest metro­
politan areas, or 10 percent of total operating 
revenue in these areas. Revenue from regional taxes 
and counties also increased, with a 180 percent in­
crease in real dollar contributions from 1974 to 
1978. This represents an increase from 25 to 31 
percent of operating subsidies. Al though con tr ibu­
tions from state and local governments increased in 
dol lar amounts from 1974 to 1978 in these large 
metropolitan areas, the real value of these con tr i-

butions declined. These changes for 26 large metro­
politan areas are generally indicative of the nation 
since these services represent 92 percent of the 
total national operating deficit. Assistance for 
capital investments such as new vehicles, exclusive 
rights-of-way, and other facilities has also in­
creased dramatically in the period from 1974 to 
1978, but there has not been a major shift in the 
source of funds. Throughout this period, the fed­
eral government has provided matching funds to the 
level of 80 percent of the cost of capital invest­
ments, and virtually all transit agencies have taken 
advantage of this funding opportunity (1). 

The current transit funding situation in the 
United States is marked, then, by rapidly increasing 
subsidy amounts, increasing reliance on federal and 
regional taxes for operating subsidies, and con­
tinuing reliance on the federal government for the 
bulk of capital funds. However, the federal govern­
ment is not only unwilling to substantially increase 
operating subsidies, but has proposed elimination of 
all federal transit operating subsidies. Coupled 
with rapidly increasing deficits, many transit sys­
tems are faced with financial crises. 

By and large, states seem to be unwilling or un­
able to assume a larger role in transit funding. Ac­
cordingly, regional taxes will become increasingly 
important as a source of funds for transit service. 
Based on the principle that the beneficiaries of 
services should assume their costs, regional financ­
ing for transit operation is sensible since the 
benefits of transit are predominantly regional in 
nature. 

While regional funding is one revenue option, we 
emphasize that enacting new taxes or increasing 
existing taxes should certainly be avoided unless 
these changes are necessary to achieve public ob­
jectives. Transit service reductions, cost reduc­
tions, or private operation may provide more desir­
able alternatives to increased transit subsidies in 
any particular case and should always be carefully 
cons idered . The current remarkable increase in 
transit operating and capital costs coupled with the 
stagnation of operating revenues must be curtailed 
at some point in the future. Otherwise, no financing 
scheme will be adequate. Although cost reduction is 
extremely important, analysis of the possibility or 



30 

desirability of service and cost reductions is be­
yond the sc ope of this paper. Howe ve r, the costs of 
the taxes d iscussed below can c ertainl y be used to 
weigh the relative merits of service reductions and 
tax increases for such analysis. 

In this paper, we shall examine a number of state 
and regional financing sources. We are particularly 
interested in regional funding because it may be the 
most promis ing method of providing add itional ope r ­
at i ng f und s for t ransit . Our i nte nt is to qua ntita­
t ivel y a ssess t he equ ity and effici ency i mpac ts of a 
va rie ty o f potential regional fu nd i ng s ou rce s , i n­
clud i ng t he possibility o f major transit fa r e i n­
c rea ses . Our assessme nts wil l be based o n an a na ly­
sis of taxes for the Pittsburgh metropolitan region, 
but .we believe that this analysis and our general 
conclusions with regard to specific tax types are 
appli cable to most metropolitan a r eas . In the sec­
ond section, we desc r i be the exis t ing service and 
funding of the Pittsburgh transit system. The third 
section considers the potential of various taxes to 
yield suff ic ient reve nues . The fourth section re­
ports t he i nc i de nce o f c urren t a nd poten t i a l fu nding 
sou r ce s . The d i stribution o f t r a ns it be nefits a nd 
tax payments is e xamined in the fifth section . Dif­
ficu l ties i n ma nag i ng a ded i c a t e d tran_si t t ax are 
noted in the last section. 

CURRENT FINANCING OF PITTSBURGH TRANSIT SYSTEM 

The Port Authority of Allegheny County (PAT) was 
formed in 1964 and immediately assumed transit ser­
vice in Allegheny County by purchase of existing 
transit companies for $43 million. At the time of 
its formation, there was considerable interest in 
maintaining the system throughout the county region; 
the Ci ty of Pittsburgh occupies onl y 8 percent of 
the l and area of this reg ion. Cons equently, funding 
and opera t i on of t he PAT sy stem we r e a lway s o r ­
g ani zed on a c ountywide r a t he r tha n citywi de basis . 
Accor d i ng t o the a nnual repo.rts f or PAT, Allegheny 
co unty g uaranteed t he debt servi c e f o r t he bonds is­
s ued by PAT t o pucc hase t he a sse t s of private com­
panies i n 1964. Si nce 1964, PAT has ma in tai ned t he 
bus , trol l ey , commute r rail , a nd incli ned-pl a ne ser­
vice that it assumed at its formation and has ex­
panded bus s ervi c e i nt o suburba n areas. 

For the fi rst t hree years of PAT's existence 
(1964-1967), fares and other service revenue pro­
vided the bulk of operating revenue. In each year, 
however, deficits were incurred and were financed by 
grants from Allegheny County. The source of these 
funds has been a countywide real estate tax. In 

Table 1. Sources of funding for PAT transit system operating 
revenue. 

Year 

1970 
1971 
1972 
1973 
1974 
1975 
1976 
1977 
1978 
1979 
1980 (first 
six months) 
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1967, the Commonwealth of Pennsylvania initiated a 
program of p rovidi ng ope r ating subsidies for mass 
transit. In 197 3 , subs idy fund s for operating ex­
penses were made available f rorn the fe de ral govern­
ment. ·rhese new subsidy prog r ams we re fortuitous 
for PAT since PAT's deficit was outstripping the 
subsidy fund s ava ilable prior t o their er1actment. 
Thus, PAT has recei ved operating s ubsidie s f rom the 
county in whi c h i t ope r ates , the state , and t he fed­
eral government. 

Table 1 shows sources of operating revenue from 
1970 to 1979. During this period, the fare revenue 
as a propor tion of expenses dropped from 79 percent 
in 1970 to less than 46 perce nt in 1978. Subsidy 
received from Allegheny County increased in dollar 
amount from $3. 8 to $6. 7 million but decreased as a 
percentage of opera ti ng reve nues from 10 to 8 per­
cent. The subsidy f und s from the state and from the 
federal government showed significant increases: the 
state funds provided 27 percent of all operating ex­
p e nses i n 1978, whereas t he federal gove rnment pro­
vided 16 percent. During this same period, operat­
ing e xpenses more t ha n doubl ed, r epresen ting a 27 
pe rce n t i nc r ease i n ope rating expenses i n rea l dol­
l ars . All t he.se t-rends a re consisten·t wit h national 
patterns. 

As with other transit systems, PAT has been more 
depende nt on t he fedecal governmen t fo r c api tal sub­
sidy f unds than f o r operati ng f unds . As o f 1 978 , 59 
pe rcent o f PAT ' a c apital e xpe nd i t ure s had been f i­
nanced by g rant s f rom t he f ederal government, 12 
percent from the Commonwealth of Pennsylvania, and 
the remaining 29 perc e nt funded by grants from Al­
l eghe ny Coun t y. Dur ing the pe riod 1964-1978, the 
t otal c ap i t a l e xpe nd iture was $295 million. The 
amo unt o f c api t a l e xpendi ture a nd capital grant 
r e venue recei ved varies each y ear but bas tended to 
increase over time. In 1978, capital g~ants re­
ceived amounted to $33 million or 45 percent of all 
revenue. 

CURRENT AND POTENTIAL REVENUE SOURCES AND YIELDS 

There are a variety of regional taxes that could be 
used to fund transit subsidies. General sources 
currently used in particular metropolitan areas in­
clude wage, sales, income, and real estate taxes. 
Motor fuel taxes or vehicle toll revenues have also 
been used to subsidize transit. Finally, fare and 
other service revenues also represent a regional 
base for transit funding. 

The benefit principle of taxation suggests that a 
particular service should be paid for by those who 

Other Commonwealth 
Fare Service Allegheny of Total 
Revenue Revenue County Pennsylvania Federal Revenue 
(%) (%) (%) (%) (%) ($000 OOOs) 

79 3 IO 8 37.2 
73 3 14 10 41.2 
54 2 II 33 56.3 
61 2 9 28 48.2 
55 3 6 36 56.9 
51 3 9 26 II 62.8 
51 2 9 27 11 68.8 
48 2 9 28 13 72.8 
46 2 8 27 16 79 . l 
44 2 9 28 17 93. l 
44 2 9 28 16 48.0 

Notes: Annual revenue js reported on a calendar-year basis until 1979: data for I 979 include the first six 
months of l979 plus one halfuf FY !980 revenue. Note that the timing of:mbsidy payments 
within a Fiscal year may affect the reporte ll sub1ldy percentoge from crnc year to the next, even 
without a change in the overall level of subsidizrt.tlon. Data for FY 1960 are preliminary. 

Source: PAT annuaJ reports. 



Transportation Research Record 858 

use or benef i t from the service. In the case of 
transit service, this principle would imply that all 
transit expenses should be paid by those who di­
rectly or indirectly benefit from the service. In 
the absence of indirect benef its, this suggests that 
fare re venues should be suff icient to cover transit 
costs . However , benefits of t r ansit servi c es may 
also a ccrue to nonusers , for example , by red ucing 
the overal l level of congestion for commuters . It 
might be argued that these indirect benefits that 
accrue to nonusers suggest that households in areas 
served by transit should provide subsidy funds. 

Unfortunately, identifying the extent to which 
individual taxpayers receive any such nonuser bene­
fits is quite difficult. One possible approach 
would be to determine whether such nonuser benefits 
resulted in increases in property values in the 
areas served by transit. Special taxe s might then 
be imposed within the areas surrounding transit ser­
vices . However, there are no reliable means to at­
tribute r eal estate val ue s or value cha nges t o tran­
sit s ervices. Empirical studies suggest only a weak 
relat ionship, if any at all , between real estate 
values and transit service, particularly bus service 
(]). 

Regardless of the distribution of be nef its among 
different g roups, it is clear that near l y all the 
user and nonuser benefits from transit service ac­
crue within the region served by the transit ser­
vice. Accordingly , the benefit principle would sug­
gest that reg iona l taxes or fare revenues should 
fund the service. It is difficult to extend the 
principle to the level of charging for individual 
nonuser benefits, and the expense of current transit 
services gene rally precludes op e ration from only 
fare r e venues wi thout service c utbacks . The gene ral 
presumption in favor of reqional fi nanc i ng is qu ite 
clear under the be nefit pr i nc iple , which indicates 
that examination of regional sources is worthwhile. 

If enacted, ·regional transit taxes might be ex­
pected to replace existing sources of s ubsidy as 
well as to accommodate increased transit def i ci ts. 
Table 2 reports the tax rates that would have been 
required to replace various categodes o f subsidy 
fu nds . in 1978. Required r eve nue yields range from 
$13 million, to r e place f edera l ope rating subsidie s 
a l o ne, to $7 4 million, to r e place all f ederal , 
sta t e , and county o perating a nd c a pi tal s ubsidies t o 
trans.it. For e>cample, $19 million in reve nue is re ­
quired t o r epl ace federal a nd coun t y operating sub-

Table 2. Required regional tax rates to 
achieve possible subsidy targets in 1978. 

Item 

Re~cnue requited (SOOD OOOs)" 
Regional sales ta'X ('?o)b 
Regional wage tax (% )° 
Regional income tax (%)° 
Regional property tax (%)d 
Regional gasoline tax ( cents/gal)° 
Fare increase (% f 
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sidies in 1978 . This could be accomplished by a 
0.53 perce n t sal e s t ax , a 0.26 perc e n t wage tax, a 
0.21 per cen t i ncome t a >c, o r a 0. 35 percen t r eal es­
tate tax imposed on residents of Alleqheny Co unty. 
Alternatively, a $0.03/gal motor fuel tax coul d be 
imposed. Other desired revenue yields can be ob­
tained by proportionally increasing or decreasing 
these rates. 

The fare i ncreases necessary to r e place s ubsidy 
f unds r eported i n Table 2 require a s trong quali fi ­
c a t i on. These fare inc reases are der i ved by a ssum­
i ng eithe r no pat ronage dec li ne with increased fares 
or, alternatively, transit expense reductions that 
are directly proportional to patronage declines. 
Actually, patronage and transit expenses would be 
expected to decline with fare increases, but transit 
costs would decrease by a much lower percentage. 
Assuming a transit fare elastic ity of -0. 3 (.§) and 
no reduc tion in costs with pat r onage reduction im­
plies that a fare increase of 183 percent is re­
quired to replace federal operating subsidies. The 
actual fare increase required would be somewhere be­
tween 36 percent (reported in Table 2) and the 183 
percent increase requi r ed withou t any cost savings. 
Thus, the fare i ncreases reported in Table 2 are 
underestimates of the actual required fare increases 
to replace subsidy amounts. 

Of course, levying any of the taxes reported in 
Table 2 may result in a decline in the total tax 
base just as transit patronage might be expected to 
decline with fare increases. For example, an in­
crease in the mot or fuel tax within Allegheny County 
might induce r esidents to purchase mo tor fuel out­
side the county. Similarly, regional sales taxes 
may be avo ided by purchas i ng outside the county. 
Thus, all the tax rates r eported in Table 2 are 
underest i ma tes of the actual tax rate to yield the 
desired revenue target. However, the possibilities 
o f s ubs t itution , causi ng a decline i n t he tax bas e s , 
due to the tax rates reported i n Tabl e 2 are likely 
to be smaller than t he decline i n transit patronage 
d ue t o far e i nc reases . 

Obvi ous l y, the t a x rates required to r a i se par­
t i c ular r evenue targe ts depend crucially on the 
mag nitude of the t a x base. Thus , the requi red in­
come tax rate is less than half of the sales tax 
rate in a ll cases. To replace a l l subs idy funds, 
the required tax rates are appreci a ble i ncreases on 
existing taxes. For e >campl e, the required regional 
gasoline tax of $0. 10/ gal would be o nly slightly 

Subsidy Target 

Federal and 
Federal County Total 
Operating Operating Operating Total Tax Base 
Subsidy Subsidy Subsidy Subsidy ($ billions) 

13 19 41 74 
0.37 0.53 1.12 2.08 3.56 
0.17 0.26 0.55 0.99 7.45 
0.15 0.21 0.46 0.83 8.91 
0.24 0.35 0.76 1.37 5.40 
1.9 2.7 5.9 10.6 
36+ 53+ 114+ 206+ 0.036 

"PAT 11,nnual rcporu. 
bBuc:d on sale, 11:t eollcctions from (ltm~ toc:111cd In Allegheny ounty 1tbuh1ted by Pcnnsylvanb Bure~u of Rc1euoh aind 

StatJs.tks. 1)1 111 e,i.:cludc:. untucd anlcs 1111d moy indudc 1omc Hit.I by oulh:U loc1tcd outs:Jdtl Cht.1 regl()n, Salos tDX co lh:c­
llom: aro basC!d on fllclll ye1n. C111hindrar-year Ogurc,: reporled htrc: aro ,he ave.r11c or tho two rclov11nc nsc~I years. 

CReg.lorial wages and Incomes as repor lcd in Income I DX r111 urns (lnsrhutcd 1971) and t•bul.ated by tho Pennsylvanii. De· 
p:uuncnt er Ravonuc, The wnse 11x consldued In thf.J 1n111l )'.1le iJ based on lh!'- wngo1 ofrclidon1, of A.ll,t:1Bhctn)' coun~y; 
•n alternulivc , ch~nic would be co lo.vy tho wraae twx by pl:.co or amptoymcnt or on 11ll Cho o who work In Allegheny 
County. 'f'or tho rtgjonlll lncomc lox, toX.flblc in coma ls de.fined to ba ldaut.lcal to taxable income under the..state 
lndlvldun.1 lngomc tu. 

dPcn111)'lvanf11 State Tax 1iquoU:r.1don Board, annwtl cerc lO<!ation,asreported in 1979 (4) , 
t:-Volumc 1atci, of gasoline ct tln\n led as the total st:ate talc~ In 1978 (~ multiplied by the" perce.nca.go of vchlcles register­

ed in A11cshony County in 1978. 
f[ncrease assumes no patronage decline with fare increaseg, thereby underestimating the requ.lrtd h te incrc.Uc. 
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less than the $0, 11/gal state tax that was imposed 
on motor ruel sales in 1978. The required sales tax 
would be one-third of the current 6 percent sales 
tax, whereas the required income tax rate would be 
nearly t wo-fifths of the state income taK rate in 
1978. Although these tax rate increases are substan­
tial, only two revenue sources in Table 2 would be 
unlikely to yield sufficient revenue to replace 
operating and oapital subsidies. These are the 
transit -fare increases and the motor fuel tax for 
which a substantial diversion of motor fuel pur­
chases outside the county might be expected. 

In addition to the adequacy of the yield from a 
potential tax source, the ease of administration of 
the tax is also a concern. In Pennsylvania, income 
and sales taxes are collected by the state, so any 
regiona.l taxes might simply be included in the state 
reporting and collection process. Wage taxes might 
be collected at the workplace, as they are currently 
for local jurisdictions, or filed with the state in­
come tax returns. Real estate taxes are collected 
at the local level and additional levies would not 
be administratively burdensome. However, no admin­
istrative structure currently ~xists to collect 
motor fuel taxes at the county level. Imposing a 
special surcharge within the region would require 
additional reporting by 'firms that retail motor 
fuels since they currently do not report Sales by 
county. Thus, on the criterion of administrative 
ease of collection, the various tax sources in Table 
2 are relatively equal , with the exception of the 
motor fuel surcharge, which would require additional 
accounting and reporting. 

INCIDENCE OF CURRENT AND POTENTIAL TAX SOURCES 

In addition to sufficient yield and administrative 
ease in collection, there are several other con­
siderations that can be examined when evaluating a 
tax to fund a particular service. The traditional 
public f inanoe literature proposes the ability-to­
pay principle in addition to the benefit principle. 
Under the ability-to-pay principle, the revenue tar­
get or total revenue necessary to fund a public good 
or service is set by a broader decision process. 
Taxes imposed to yield this revenue target should 
ensure that the contribution of each taxpayer is in 
accord with his or her ability to pay. Under the 
principle, taxpayers with equal capacity should con­
tribute equal a.mounts, whereas those with greater 
capacity should pay more. In the transportation 
literature, it is often argued that public transpor­
tation provides substantial benefits to the poor al­
though it may be a rather blunt instrument for t hi s 
purpose (7,8). If providing these benefits to the 
poor is a- goal o.f public transit, it may be argued 
that the fu nding sources should be based on the 
ability to pay. This argument would s uggest, for 
example, that a broad-based income tax with perhaps 
a progressive rate structure would be an appropriate 
source of revenue. The primary justification for 
this type of tax would be that the resulting tax 
burdens would be equitable. 

While the distribution of tax burdens among par­
ticular groups such as the elderly and minorities is 
of concern when designing new taxes, the most common 
concern in the evaluation of the equity of a par­
ticular tax source is the income incidence. Although 
there is some debate as to what income base (e.g., 
current income, permanent income, wealth) to con­
s ider when measuring burden, current income is the 
most common base, given the data problems with al­
ternatives. 

In Table 3, the distr{bution of payments among 
income classes for various tax sou rces in 1978 is 
reported. The table provides the distribution of 
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payments for the major revenue sources to the 
state's General Fund as well as current and poten­
tial regional (county) revenue sources. The distri­
bution of payment is very similar for the state in­
dividual income tax and the current Pennsylvania 
sales tax. Add ing cloth i ng to the Pennsylvania 
sales tax base has little impact on t he distribution 
of payments. Since it is dtfficult to determine the 
distribution of payments by income class for the 
state corporate net income tax, the distribution is 
evaluated under two assumptions. First, if the tax 
is assumed to be borne by the owners of capital, the 
distribution of payments is assumed to be similar to 
the distribution of net profits income. Note that 
63 percent of net profits income is in the income 
class of $25 000 and more, If the corpo·rate income 
tax is assumed to be passed on to consumers, the 
distribution of payments is assumed to be similar to 
the distribution of the sales tax. The distribution 
of payments of the gasoline tax i s similar to that 
for the individual income and sales tax although a 
higher percentage of gasoline tax payments comes 
from the lower-income groups. 

In the case of the regional tax sources, the dis­
tribution of payments a·mong income classes is simi­
lar for an income tax and a wage tax. The real es­
tate tax has a higher concentration o f payments in 
the lower-income groups when compared with the in­
come and wage taxes. The distribution of fare reve­
nues is particularly interesting. In essence, the 
distribution of transit fare payments is equal 
across our income classes. As a result, the high­
est-income category (with incomes of. more than 
$25 000) contributed only 16 percent of fare reve­
nues, whereas the minimum contribution of this high­
income class is 30 percent for the other tax sources 
reported in Table 3. 

The distr ibution of the burden of potential tax 
sources by incom_e class is reported in Table 4 for 
1978, Each entry in this table represents the aver­
age ratio of tax payments to income within each in­
come category. In contrast to the contribution pro­
portions in Table 3, the ratios i n Table 4 reflect 
the actual burden experienced by an average house­
hold in each income group. Ahy concentration of tax 
paymen·ts among the lowest-income households in an 
income class is reflected in Table 4 but not in the 
aggregate measures of Table 3. Thus, Table 4 repre­
sents a more accurate description of the distribu­
tion of household burdens than does Table 3. For 
cemparison purposes, the burden of a hypothetical 
wage tax (at a 2 percent rate) and a sales tax with­
out a clothing exemption (at the current Pennsyl­
vania rate of 6 percent) is also included in this 
table . By comparing the relative burdens across in­
come classes, the regressiveness or progressiveness 
of the various general tax sources may be assessed. 
The real estate tax is the most regressive tax ap­
pearing in Table 4 i the lowest-income category has 
an average burden eight times larger than that of 
the highest-income category. The income tax in 
Pennsylvania is a flat rate, so the burden of the 
tax equals the tax rate for each income category . 
The wage tax is relatively progressive, although 
there is a -reduction in the burden of this tax in 
the highest-income category. The effect of with­
drawing the clothing exemption fcom the current 
state sales tax would be o make the sales tax 
slightly more regressive. 

The ave.rage burdens reported in Table 4 deserve 
several caveats . First, the burdens were calculated 
on the basis of ourient income. Since public assis­
tance payments are known to be underreported , cur­
rent income for the lowest-income groups may be 
underestimated. As a result, the tax burden may be 
overestimated. The net effect on the distribution 
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Table 3. Distribution of 
payments for current and 
potential state and regional 
financing mechanisms. 

Table 4. Distribution of 
burdens of current and 
potential state and regional 
financing mechanisms. 

Percentage of Payments per Income Level 

Less Than $6000- $10 000- $15 000- $20 000- $25 000 
Revenue Source $6000 9999 14 999 19 999 24 999 and More 

State 
Individual income tax• 6.0 8.1 13.6 17.0 16.0 39.2 
Current PA sales tax b 5.5 7.6 13.4 17.9 16.5 39.2 
PA sales tax without clothing exemptionb 5.6 7.6 13.3 17 .7 16.4 39.3 
Net profits• 3.8 5.7 9.2 9.6 8.7 63.0 
Gasoline tnxd 6.4 9.2 18.5 20.0 15 .6 30.4 
General revenue• 5.7-5.3 7.8-7.4 13.5-12.7 17.6-16.0 16.4-14.8 39.2-43.8 

Regional 
lndividu3i income ta/ 5.4 7.1 11.5 15.6 15 .6 44.8 
Wage, tax 4.4 7.3 12.2 17.1 17 .2 41.8 
Real estate tax8 8.0 9.6 15 .2 21.7 15 .6 29.8 
Fare revenueh 17.0 16.6 19.5 15.2 16.1 15.7 

•Since lho Income t ax was a. fl11 t 2.1 porcen t In J978, Uta d'51tlbution of payments I!. tha._nmc. 11 the dlsulbutfon of n:ii:11blo Income. Thoro uo 1ome 
cxcimptloru ro, lnco1n o. amona: lhc lowcsH ncome catogori0$ In the PtmnJ)'lnnla to~, bu l thair t ffccc 1:1 minor. 1,n J 917, t.he .na1e indlvldual Income 
tax rate wu 2,0 percent. Tho cffo.cUvo n t ci ror thmo with Incomes bclo ,v $6000 r1.ngcd from t .97 to I .99 pcr,con1 .s n re.,;u ll of thcspccioS provl­
sioll for low. (nc:ome househo lds (2.). A progres.slve incamo 11x an11ctcd In 1972. wu founcl 10 ba u11c:on, t ltuUonnl by Cho Scai 10 Suprcmt Coun, ind 
the curront not IIIX wiu: onec ccid 1ubsoquent co lh1.t nndlns. 

hThiJ db tribu clon o f 1axable consumption by Income cln.u wo.s obtained b)' ush,g II simubl lon model dtvc,.lopl.!d by the Pcnn1ylvi:anla T11 Commi.»ion 
to oumina th,a currcnl sales 11 1.nd the: tlx withou t th-e clothing tixcmpclon , Thh annlyall iJ based on U.S. Dc!p.airt mcnl or Labo.r St11.II.sUci (lg}. 
We auumet that consumption pa lCern.s Jn Pcnnr)'lvnnl11 11.re sl.mllu to CllOSc or lho New Engl11nd u,glon . For t his 11.n alyais. lncomo wu lnffnted 10 
1978 doU11rs. The undcrl )'lng as.sumption is t hAt she rcl111lon1blp bcuwcen tox,bto and nonlaxable con,um.ptlon is not erec ted by lnOatlon. 

CTho dl:uribu Uon of ne t pronu lneome by Jnc:omc <!Ian wc.s ob11lncd !tom :ii summary of 1978 lndiv.ldm1l lncomc tu re.Cut.n data fi:om th.o Penn1yt~ 
v.1 n£a De.partmcnl of RtHnue:. Since It is dlfficuU Co dc tcrmlne lhe incidence or t he "• le corpora l~ n~u income,. IIX, wt, eval,u•te th e inclde.nciG 
undor 1wo assumptions. t r the tn:x: ls pald b>' t he owner.s or capllal (a.s:,;umlng that non e o{ 1hc tax ts shifted to coiuumf!ts}, the, dlltrlbuUon of 1ho 
IIX' payments is contlde.re.d co bt Ch•nme a.s die dl.JCrlbullon or not prorn, lncomo b)· lntame cl11:s.s. Ir II is a5'umtd 1tu11 the t~x b .tihlftcd fohVArd 
t o con•um~u, tho dlstrJbu.tlon ls a:s.sumcd t o be the same Al t hllt fo r the oles ru. 

dThc distribution or gBollne expendi tures by fnconle ci last wna dcrlvtd rrom U.S. Deparlmen l of labor Suitl.a rlc, (!9}. The. or lsi.nnl dnu report ed 
cxp, nclllurCJI on gw,llne In l hc N•w lin1J•nd Region ror 1972-1974 , AUumlng 1hnl Jho dl1Jrlbu1Jo11 or •xp,n dlt uro remnlnod con, Jont from 1973 
to I 97B, tho dinrlbutJon was de.velopcd by lnOn 1lng 1973 Income ningcs to 19?8 lcvelJ . When the Income ranges from lhc Consumor £xptndlture 
Survey were dlffcran c rrom thoac u1.Cd tn this analy,ts. we ln tcrpoJ111ed to make lhe rc1,u lu compatible. 

cth(': lndividuel lncomc,. lnx, 1he- 11,:cnuat a.-&1es fi nd u.s.t: U\Jt, ;and Eh~ corpornlo nel lnc.omo tax accouncad for 73 perc.tnl of IOU1l 1cnor.11I fund revenue for 
11cnPJ)' lwnla in 14'78· 197§11. Of l hc 73 petcc.nt of t ho general rund. th~ lndlvldunl Income tft X n:ci:ounlcd fo r '36A pcrctnt. the ulcs nnd u,o lax 
nccouutcd ror 43.9 pcrt"Cln t , and the corpunt c net income lax oic.c:ountcd ror 19.7 pct«n t . By app lylnE, lhc.se. wo ghrs, lho.dis l rfb ullon or p.aym1JnU 
to t he tll nrr11I rnnd was d1:11ivad. A ro.n ,c U· p10\'lded becnuJO tho dblrlbullon o r paynnmts of 1he corpora to net l.ncome tax Y4lrlo, dapc.ndlng oil lhc 
n.ssumplfon m11.dc con cerning who paya lhc: 111x. In the r«st case, i( 11 asiumcd th.o t the tax b ,hlfu~d 10 'consumer, an d therefore the dlsl rlbution i$_ 
similar 10 thi: dbtr-lbutfon of p.11ym1:1n1; or lttc cwrc,u alr.s tttx . In th e wicond c .. c. we a.Slume tl)n l tho I ,: 1, pilld by the own<!.-.s of CtLpltal nnd 
I hcm:fon: nun rho. dlst,jbution I• :11l n,ilar 10 the: db.trlbutlon o f' not pron1s Income. 

f-n,c U:itt rit>ution or laxuble ln.eo mo untJc,r the Pennaylvnnf.11 lndhiduDI Income la:< for Allegheny Co\ln ly lJ bnsod oo summn.r-y indlvldull lncomo t:iix 
t1C l urn dJ1U fm: Allegheny Count )' provldad b)' fhe Pc.nnsyl v:s n l11 Oe~rimcnc of Revenue.. The diJCrfbulfon of waw.es by Income group it based on 
11 rumnuuy or lndlvfdu:i l lncomu Iii:-,: rut1.n11 duo on compenpllon. 

IThe di.atrlbufion or ro11 I C.Stlltc h\HS paid by Income clusb hued on dAlt rrom the Bureau of t he Ct.nt:us ( 1 t), l•o, th lJ analyai , income h lnfl:.a lcd 
10 1978 dollnr,. 

lics.icul" lcd by ul from Iha HouJchold TrnC!I Survo)" conduc1e.d by th~ S0uc hwc1tern Pt.11n1,ylvanio t\egionol Pl1nnin1 Commiu1on, 19?'?· 1978. 

Mean Tax per Income Level 

Less Than $6000- $10 000- $15 000- $20 000- $25 000 
Revenue Source $6000 9999 14 999 19 999 24 999 and More 

State 
Individual income tax• 0.022 0.022 0.022 0.022 0.022 0.022 
Current PA sales taxb 0.030 0.016 0.015 0.015 0.014 0.013 
PA sales tax without clothing exemptionb 0.036 0.018 0.018 0.017 0.017 0.015 

Regional 
Individual income tax (at 2 percent rate)c 0.02 0.02 0.02 0.02 0 .02 0.02 
Wage tax (at 2 percent rate)d 0.004 0.009 0.015 0.017 0.017 0.014 
Real estate taxd 0.165 0.066 0.045 0.037 0 .032 0 .028 

•no current l'onll$ylv11.11ia lndiYldual lncom~ lix i:s: at a mu f3 1t or 2..'2' porccin r. 
hThe current l'cmnsylvonia u.les 111x b 6 percent . In this analy.sls. \YC computed the salcJ tax pAhJ by households lnclulltd In the Consumer Expendi­

ture Survey 11Jvcn lhe definltlon.s of 1.11,u1bh.~ -conr;umpUon 11ndor Pin,nns, lvani 11 law (ine note b, Tablo: J), 
cTh¢ burden or a Oat rtg,lonnl individual lncorno to.x is:Jimply t'qonl t o 1hc. ta r.11,:.. 
dn,_e bwdt1n1 or a teglonal \Wgc Htx or 2 percent and the-relll aute t..ax ore C"alcul11 totd from hou•chold dJJtll provided by 1hc Bureau of the Census 

{_!.!)· 1tor 1his ana.l)•si.s1 Jncomo w;g infl-111cd 10 1978 Jolh,rs. 

of the bu rden among income class es woul d depend on 
the distr ibution of unrepo rted i ncome among these 
classes . Seco nd , the burdens reported in Tabl e 4 
reflect the initial rather than the ultimate burden 
of tax payments . Sta t e and l ocal tax payment s rep­
resent a deduction fo e fede ra l income tax purposes, 
and the p rogressive nature of the federal i ncome tax 
results in an ultimate burden that is more regres­
sive than that reported in Table 4. Since the 
higher-income classes general l y have a higher mar­
ginal tax rate, an egual state or local ta x deduc ­
t ion results in greater t ax savi ng s for high-i ncome 
households relati ve t o low- income households. 

for a revenue target of $19 million in 1978 , which 
would be sufficient to rep~ace all f ede ral and 
county operating subsidies. 

The burdens and payme nts repor t ed in Ta ble 5 per­
mit compa r isons of diffe rent tax sources within any 
one i ncome class. Fo r taxpayers with i ncome s be­
tween $10 000 and $15 000 in 1978, the individual 
income tax results in the l owest a ve rage payment 
($21) , whereas the sales tax r epresents the l owest 
average burden (0.0013). The wage tax would result 
in the lowest a verage payment and t he lowest averag e 
burden to the lowest-income class. Thus , t he wage 
tax ha s the most prog ressive i~pac t o f a l l t he 
sources listed in Table 5, al t hough there is a 
slightly lower burden on the h i ghest-income class 
compared with the middle-income classes for this tax 
source. 

By using the da ta reported in Table s 3 and 4, the 
distribution of the a ve rage burde ns a nd payments may 
be calculated for the various potential t axes dis­
cussed earlier. Table 5 reports these distributions 



34 Transportation Research Record 858 

Table 5. Average payments 
and burdens per household to Income Class 

replace federal and county Less Than $6000- $10 000- $15 000- $20 000- More Than 
operating subsidies. Revenue Source $6000 9999 14 999 19 999 25 000 $25 000 

Individual income tax (0.21 percent) 
Burden• 0.0021 0.0021 0.0021 0.0021 0.0021 0.0021 
Payment ($)b 11 17 21 30 49 104 

Sales tax (0.53 percent) 
Burden• 0.0027 0.0014 0.0013 0.0013 0.0012 0.0011 
Payment ($)b 11 18 25 35 52 91 

Wage tax (0.26 percent) 
Burden• 0.0004 0.0012 0.0020 0.0022 0.0022 0.0018 
Payment ($)b 9 18 22 33 54 97 

Real estate tax (0.35 percent) 
Burden• 0.0057 0.0023 0.0016 0.0013 0.0011 0.0010 
Payment ($)b 16 23 28 42 49 69 

Fare increase (53 percent) 
Payment ($lb 33 40 36 30 50 37 

81ncoine, sales, WA&C, and real estate tax burdens calculated as proportional to exisling tax burdens (Table 4 ). 
bAveraac taxpayer payments are calculated as proportional to lhe ratio of the percentage of payments by tax source by income class (Table 3) to 

the percentage or households in each class a., given by Bureau or the Census (ill with incomes inflated to 1978 dollars. 

Table 6. Tax payments per 
Income Class trip for potential regional 

tax sources to replace federal Less Than $6000- $10 000- $15 000- $20 000- More Than 
and county operating sub- Revenue Source $6000 9999 14 999 19 999 25 000 $25 000 
sidies. 

Income tax 0.06 0.08 0.11 0.19 0.19 0.53 
Wage tax 0.05 0.08 0.12 0.21 0.20 0.49 
Sales tax 0.06 0.08 0.13 0.22 0.19 0.46 
Real estate tax 0.09 0.11 0.14 0.26 0.18 0.35 

Note: Each entry raprtscrnl1 the IOt'.JI local tax contribulion for each income class divided b)' the 
number or 1und 1 lrlps made by each income CIMS. Fare payments and state and federal 
cun 1rlbut10111 11..re excluded. Transl! trip, for each htcorue: cla.S5 11ro ca1culltcd u co111 1,ip.t 
(IOJ millton) time2 the puc.enugc dlsfr ibution or trips by Income ASi indlcuc:J by 1h e: 
Mou,thold TrBvt.l Sun'C!)' conduc ted by Iha: Sou U1wa tcrn Pennaylv.Ain1B ltt:19,lonetJ Pl.11nning 
Corrunlu£on . 19 17- 1918. To r.111111.x p:iymentJ by income dw 1,e C:l\Jc.u lDtcd u $\9 milllon 
rimu lhe appropria te payment pcrc-t.nlilge dlJ1ributlon u.shown In ·rable S. 

DISTRIBUTION OF BENEFITS AND TAX PAYMENTS 

The incidence estimates presented in the previous 
section are only one side of the equity issue in 
transit finance. As noted earlier, policymakers may 
be interested in the relationship between the bene­
fits received and the tax payments by income group 
as well as the distribution of tax payments in rela­
tion to the ability of households to pay. 

Unfortunately, identification of the distribution 
of transit benefits is not an easy task. Transit 
riders obviously benefit from the improved service 
and lower fares made possible by subsidies. Owners 
of real estate may benefit from the improved access 
to their property provided by transit service, In 
addition, transit service may provide a variety of 
indirect social and environmental benefits such as 
reduced congestion, improved air quality, and in­
creased mobility to the elderly and handicapped. Be­
cause of the difficulties associated with measuring 
these indirect benefits, we have restricted our at­
tention to the direct benefits to transit riders. 
These are likely to represent the largest category 
of benefits, since en~ironmental and other indirect 
benefits were found to be small in several studies 
(.!1_-14), Even when restric ting our consideration to 
direct benefits, we must make the simplifying as­
sump~ion that the distribution of benefits in each 
income class is equal to the distr ibution of trips. 
In fact, we expect that some trips are valued more 
than others, but because of data limitations we can­
not properly weigh each trip by its actual value. 

The tax payments per trip for each income class 
under the four alternative regional taxes are re­
ported in Table 6 for 1978. Assuming that the dis­
tribution of benefits is identical to the distribu­
tion of trips, these figures represent the relative 
level of benefits from regional tax payments within 
each income class. Fare payments and transit tax 

payments made through the state and federal govern­
ments are excluded from Table 6. 

With the inclusion of direct benefits to transit 
riders, the net distributional impact of the Pitts­
burgh transit service is quite progressive . For ex­
ample, under a wage tax, a household with income 
less than S6000 would make a SO. 05 tax contribution 
per trip, on average, whereas a hou sehold with an 
income of more than $25 000 would pay $0.49 per 
trip, on average, While each of the tax sources re­
ported is progressive, the real estate tax is less 
progressive than other tax sources. We should note, 
however, that these figures represent tax payments 
per trip by income class rather than the average tax 
payment per trip for households within each income 
class. As noted earlier, average burdens based on 
individual household data rather than aggregate data 
for the income class are more indicative of the pro­
gressiveness of tax sources. Given the household 
burdens reported in Table 4, we expect that net 
benefit calculations by using household data would 
show the sales tax to be more regressive relative to 
the income and wage taxes. 

MANAGEMENT OF DEDICATED TAXES 

A desirable feature of a dedicated tax for transit 
subsidies would be to match over time the revenues 
received with the need for transit subsidy funds 
without continual tax rate changes, For the transit 
service offered in Pittsburgh in the mid-1970s, this 
would not have been possible: the increase in the 
transit service deficit was much greater than the 
increase in any of the tax bases discussed above. 
Throughout the past 10 years, tax rates would have 
had to have been adjusted upwards to match revenues 
with the increase in requ i re.a subsidies. 

From 1973 to 1978, operating expenses for transit 
services increased by slightly more than 70 percent 
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Figure 1. Percentage Increases in regional 'tox bases, transit expenses, and 
transit deficits since 1973 in Allegheny County. 
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[Figure 1 (data from PAT annual reports, Pennsyl­
vania Bureau of Research and Statistics, and 
Pennsylvan.ia Depa r tment of Revenue)]. During the 
same period , serv ice revenues increased much more 
slowly than expenses. Consequently, the operating 
deficit increased at a much faster rate than ex­
penses, with a total increase of nearly 150 percent 
during this five-year period. During the same five­
year period, the tax bases of the wages and income 
each increased by approximately 50 percent, whereas 
sales increased 60 percent and assessed real estate 
value increased only 15 percent. Thus, the revenues 
from a dedicated transit tax at a given tax rate 
would not have kept pace either with the increase in 
transit expenses or with the increase in the transit 
deficit. For example, a wage or income tax imposed 
to cover the transit service deficit in 1973 would 
have had to triple by 1978 to continue to cover the 
deficit. 

Of course, this increase in the tax rates could 
be alleviated or avoided by different transit 
operating policies. Fare increases, cost controls 
(such as wage 'reductions), or service cutbacks could 
reduce the deficit for transit services. However, 
patronage levels have not been increasing rap i dly 
( if at all), so fairly severe service cutbac ks or 
cost savings would have been necessary to restrain 
deficit increases to the growth in the regional tax 
bases. 

CONCLUSIONS 

We have examined a variety of potential regional tax 
sources for transit subsidy funds from the stand­
points of sufficient yields, administrative ease, 
conformance with the ability to pay and the benefit 
principles of public finance, and the difficulties 
in managing revenues over time. We found that re­
gional tax sources are viable alternatives to state 
and federal subsidies. From the standpoint of 
equity, several of these tax sources would be more 
desirable than the property taxes currently used for 
the local share of subsidy fu nds i n Alleg heny 
County. By and l arge , we have c onc luded tha t a 
broad-based wage o r income tax would be the most 
preferred source on which to base a dedicated tax. 
These two taxes are relatively easy to administer 
and are somewhat more progressive than the other al­
ternatives considered. Sales taxes are somewhat 
more regressive and have a smaller tax base than 
these two options. Motor fuel taxes would be diffi­
cult to administer and have an insufficient tax 
b ase. Motor fuel taxes and to some extent a re­
gional sales tax to fund transit subsidies may re­
sult in significant amounts of sales diversion to 
other counties. 

35 

While the analysis in this paper related to a 
single me tropoli tan area, the conclusions are likely 
to be a pplicable to a wide variety of urban areas. 
Regional wage and income taxes seem to be the tax 
sources that deserve greatest attel'ltion. One prob­
lem with any dedicated tax is that the growth in 
revenues will not keep pace with the current rate of 
increase in transit deficits. Eithe r relatively 
frequent increases in tax rates or controls on def i­
cit increases would have to be undertaken to match 
revenues to deficits over time. 

Of course, the problem of financial management is 
part of a broader investment problem with regard to 
transit. Fare revenues will never be sufficient to 
cover PAT transit operating expenses as transit ser­
vice is currently operated. Before i mposing or in­
creasing a d edicated transit tax, declsionmakers 
should carefully consider the benefits and costs of 
particular system configurations and fare structures 
in order to reduce the necessary level of subsidy. 
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Applying S-Index to Transportation Financing Alternatives 
STEVEN M. ROCK 

A one-number measure of the progressivity of a funding source has recently 
been developed by Suits. Thi, paper applies the measure 10 various transporta· 
tion financing alterna1!ves. This S-index con range from +1 (indicating maxi­
mum progressivlty) to -1 (maximum regrossivity). Tho Index can be calculated 
for eny funding source by ranking families by Income a.nd noting the cumula· 
tive percentage of burden associated with the cumulatjve percentage of income. 
By using date from tho Bureau of Labor Stetistics Con1umer Expenditure Sur­
vey, the Index is calculated for a number of currently u,od or proposed hou1e­
hold·ba,ed transportation funding 1ources. Subject to certain qualifications. 
the results suggest the general redistributive impact of alt.ernetiva financing 
sources. In particular. it was found that most household-based sources are re­
gronive. The most regressive alternatives wore a household tax, cigarette tax, 
lottery, and public transit fares . Least regreuive sources were parking, income, 
and stock-transfer taxes. 

In a 1977 article, Daniel Suits (!_) presented a 
one-number measure of the burden of a funding 
source. Called the s-index, it summarizes the 
incidence (that is, who pays) of a financing alter­
native or combination. The result indicates the 
degree of progressi vity or regressivity of the 
source. It is t he purpose of this paper to discuss 
the index and its application to transportation 
financing alternatives. 

In recent years, the issue of increased funding 
for transportation has become more er itical. Tran­
sit systems and highway funds, for example, have 
reached crisis stages in many regions. A number of 
important considerations surface in this area: 
legal, political, and economic. Notably absent from 
most discussions of transportation fir!ance is the 
concern for how different income groups would be 
affected by the employment of different funding 
sources. The question to be explored here is how 
financing alternatives differ in terms of progres­
sivity. 

suits' index is related to the Lorenz curve of 
income distribution and the resulting Gini concen­
tration ratio. The former is a graphic description 
of a society's income distribution, comparing popu­
lation percentiles with the percentage of total 
income received. It illustrates the equality or 
inequality of the distribution of income under 
various alternatives. The Gini ratio summarizes 
this in a number that can vary between O (complete 
income equality) and +l (complete income inequality). 

To apply the S-index, families are ranked from 
lowest to highest income, and the accumulated per­
centage of tax burden associated with the corre­
sponding accumulated percentage of income needs to 
be obtained. The resulting data can be plotted as 
in Figure 1, A funding source whose burden is 
always proportional to income would lie coincident 
with the diagonal (45°) line. A sour ce lying below 
the 45° line indicates that the percentage of tax 
burden borne by low-income groups is smaller than 
their share of total income; hence, it is a progres­
sive source such as the federal income tax (e.g., 
the dashed line in Figure 1). 

A source lying above the 45° line indicates the 
opposite, a regressive source. The percentage of 
tax burden imposed on low-income families exceeds 
their percentage share of income (e.g., the dotted 
line). 

The S-index is defined in terms of K (the area of 
triangle OAB) and L [the area OABC (or OABC')] 
contained between the curve and the horizontal axis 
OA: 

S = (K - L)/K = I - (L/K) (1) 

For a proportional tax, the curve will be coinci­
dent with the 45° line, so L = · K and S " O. A 
progressive source , such as the dashed line, lies 
below the diagonal, so L < K and S > 0. In the 
limiting case of maximum pcogressivity, L = 0 and S 
= 1. With a regressive source above the 45° line, L 
> K and s < 0. In the limiting case of maximum 
regress i vity, L = 2K and s = -1. Thus, the index 
varies between -1 (absolute regressivity) through 0 
(proportional) to +l (absolute progressivity). 

For numerical calculation, K is a triangle with 
base and height of 100; therefore, it is defined as 
follows: 

K= 5000 (2) 

An approximation to the value of L, for 10 popula­
tion deciles ranking families from the 10 percent 
with lowest income (decile 1) to the 10 percent with 
highest income (decile 10), is as follows: 

10 

L ""i~t ('h)[Tx(Yi) + Tx(Y1.i)](y; -y;.i) (3) 

where Tx (y i> is the accumulated percentage of 
total burden for given tax x, associated with the 
accumulated percentage of income y represented by 
population decile i. 

Suits' analysis was both criticized and broadened 
in two subsequent comments. Davies (ll raised three 
concerns, but only the third related to the S-index 
itself. First, the data generally used to calculate 
the S-index rely on one year' s family income. 
Optimally, data on permanent (lifetime ) income would 
permit a more accurate measure but such data are 
seldom available . Second, the value of in-kind 
transfers needs to be monetized and included with 
income. A third problem is that the index is an 
average over the entire income spectrum. The re­
sulting aggregation could inask portions of the 
income distribution where a tax is regressive and 
another po.r tion where it is progressive. 

Kienzel (3), by using different assumptions of 
incidence, showed that the S-index is sensitive to 
these alternatives. Although both oavies and Kien­
zel recognize the drawbacks and ambiguities i n 
suits' analysis, this does not dimil'lish its use ful­
ness as a tool in tax-policy analysis. Even with 
the potential biases, the s-index can be an impor­
tant addition to public finance issues, because it 
is the best (and only) summary measure available of 
the relationship between tax burden and income. 

ANALYSIS 

It will be assumed that the basic groups benefiting 
from the use of transportation funding sources will 
be the same. In fact, since funding mechanisms may 
affect the relative price of transportation modes, 
the groups benefiting from the subsidy may not be 
independent of the subsidy source. However, such a 
change will likely be small. Therefore only the 
difference in groups paying for the sources will be 
examined, by comparing the differential tax inci­
dence of one source with that of another source. 
Musgrave and Musgrave (4) suggest that this concept 
offers the best approach for tax-policy analysis, 
since actual tax-policy decisions usually involve 
issues such as comparing alternative ways of raising 
revenue. 



Transportation Research Record 858 

Figure 1. Tax burden versus income. 
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Calculation of incidence will depend on the 
extent to which the initial distribution of burdens 
differs from the final distribution. If adjustments 
by consumers or Urms are made in response to tax 
changes, these should be determined. For example, 
consumers may alter the amount and/or location of 
durable goods purchases due to a change in the state 
or local sales tax. A series of studies have exam­
ined the shifting and incidence of local taxes to 
determine the impact of competition from firms in 
areas not subject to the taxation. In one of the 
most recent and most comprehensive, Mikesell 11-l 
found less than complete shifting to the consumer. 
However, his estimates suggest that approximately 90 
percent of the burden is shifted in the form of 
higher prices. In a second study, Sidhu (~,l also 
concluded that proximity to a political border 
reduces the ability of sellers to shift tax buraens. 
Unfortunately, these empirical works did not try to 
determine who bears the unshifted portion of the 
burden or which income classes are affected and by 
how much. 

Many of the fun<Ung sources suggested tor trans­
portation ( 7 J are taxes Levied on households' con­
sumption, income, wealth, etc. The conventional 
wisdom [although not unanimously (ii I suggests that 
incidence lies with the consumer on the basis of 
expenditures, ownership, or tax payments. The 
incidence of other potential sources (e.g., property 
tax, corporate income tax, payroll tax) is more 
controversial, particularly if they are levied 
initially on businesses. The final incidence of 
s1.1ch sources depends on changes in wages, pr ices, 
and profits as a result of the tax. Data on the 
shifting of tax burdens are scarce and there is 
little consensus on the res1.1lt. For this reason, 
the taxes levied primarily on ho1.1seholds will be 
studied. 

The data analyzed by Suits and kienzel were 
developed by Pechman and Okner (21 and are inade­
quate since all sales and excise taxes are lumped 
together as well as personal property and all motor 
vehicle taxes. What is necessary are data on de­
tailed spending patterns and tax payments by fami­
lies in different income brackets for funding 
sources currently used or proposed. Such data are 
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provided by the consumer Expenditure Survey (CES) of 
the Bureau of Labor Statistics (10). 

Calculating the incidence of each tax or fee 
requires that relevant expenditures be noted by 
income level. A convenient breakdown available from 
the CES data necessary to calculate the S-index is 
to arrange families by population decile from the 10 
percent of families with the lowest income (decile 
l) to the 10 percent of families with the highest 
income (decile 10). For four selected deciles (1, 
4, 7, 10), gross expendi tu.re or ownership is noted 
in Table 1 (10). Each figure represents the average 
expenditure on an item by a family in a particular 
decile. It is seen that decile-1 families spend an 
average of between $823 and $1407 on goods subject 
to sales tax, whereas a decile-10 family. spends 
between $6847 and $8676. For reference, the average 
incomes for families in the four deciles reported 
are $1559, $7063, $13 466, and $31 974, r:espec­
tively. It is noted that since taxes on expenditure 
items are general.ly proportional to spending, the 
s-index for both expenditures and taxes on expendi­
tures would be the same. 

The data necessary to calculate the S-index by 
using Equa tions 1, 2, and 3 require the accumulated 
percentage of both income and each funding source 
represented by each population decile; these are 
presented in Table 2 (10). It is seen that although 
decile-1 families account for 10 percent of the 
population, they account for only 1.3.1 percent of 
the income but pay 2. 6-3. 2 percent of total sales 
tax collections, a regressive result. The decile-2 
row considers beth decile-1 and decile-2 families, 
which represent 20 percent of the population, 4. 07 
percent of the income, and about 7 percent of sales 
tax collections, etc. The S-index results are 
displayed in Table 3. The sources are ranked from 
the most progressive (stock-transfer tax) to the 
most regressive (household tax). 

There have been few other studies that have 
applied s-indices to various taxes by using a com­
patible data set. However, the comparisons that are 
available (e .g., all sales and excise taxes and 
income taxes) general.ly support the findings in 
Table 3. The results of these comparisons are shown 
below (l ,3, 13) together with estimates for selected 
business-based taxes. The wide range for such taxes 
as corporate income or property levies illustrates 
the uncerta inty and variance as to final incidence. 

Source 
Individual income tax 
Corporate income tax 
Property taxes 
All sales and excise taxes 
Payroll taxes 
Personal property and motor vehicle 

taxes 
Lottery 

QUALIFICATIONS 

S-Index 
+0.17 to +0.19 
+0.03 to +0.36 
-0.07 to +0.23 
-0 .15 to -o .16 
-0.13 to -0.17 
-0.09 to -0.12 

-0.20 to -0.40 

Some qualifications need to be made to the above 
analysis. The data reflect spending patterns and 
thus incidence in 1972-1973. If the distribution of 
these spending patterns has changed, tax incidence 
could change. The omission of in-kind transfers in 
income and the use of a si ngle yeaI's income can be 
criticized, as suggested .by Davies. Although no 
data are readily available to correct the latter 
problem, the CES data do include the value of food 
stamps in the definition of family income . Although 
not included in income, data on food received from 
welfare organizations and medical care paid by 
others are reported. Since these amounts were s mall 
(average of $5 and $21 reported per family, respec-
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Table 1. Yearly expenditure, on taxable goods and services and 
other sources. 
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Expenditure($) by Decile 

Item 4 7 10 

Taxable goods" 1407 3262 5139 8 676 
Taxable goods b 823 2201 3723 6 847 
Gasoline 98 270 449 561 
Parking and towing I 5 9 32 
Tolls 0 2 4 8 
Alcoholic beverages 33 79 127 252 
Ogarettes 57 107 146 142 
Gas and electric tax 135 222 320 432 
Telephone 81 152 193 270 
Veh.iclc registrationc JO 28 40 53 
State and local income taxes 7 84 263 906 
Title transfer feed I 3 4 5 
New-car purchasese 100 281 514 I 005 
Used-car purchasese 73 191 338 407 
Admissions and fees II 26 54 I 16 
New mortgage debt 180 410 1206 I 462 
Household tax r I 8 18 18 18 
Public transportation fares 33 56 42 88 
Stock ownershipg 145 1313 2168 13 736 

30 oods subject to ,teneral sales tu, assuming food purchased for home consumption 
nnd medicine ond drugs are subjec:t to nh:a tax. See paper by Roi:ik <.!..!) for more 
de: 111lll. 

~~~~:~: !h;;~%~~;~,:~::: or~ rt~ I iubject to sales tax. 
B.i.5od on the perce.ntog.e Qf famllte..s purchasing a car and a fee of $JO. 

:Nt:H ou tl ll)' (ucclut..llni, 1nuJc-ln values:). 
AssumlniJ: SI 8/r11mH11• 

8 Murkel value or holdin1,. 

Table 2. Accumulated U.S. income and tax burden by population decile, 1972-1973. 

Expenditure (cumulated percentage) by Decile 

Item 

Family income 1.31 
Sales tax I 3.20 
Sales tax 2 2.60 
Gasoline tax 2.85 
Parking tax 0.69 
Tolls l.14 
Alcohol tax 2.87 
Ogarette tax 4.85 
Gas and electric tax 4.96 
Telephone tax 4.75 
Vehicle registration 3.03 
State and local income tax 0.30 
Title trans[er fee 3.46 
New•car tax 2.30 
Used-car tax 2.76 
Admissions tax 2.20 
New mortgage tax 2.31 
Household tax 10.00 
Transit fares 6.91 
Stock-transFer tax 0.53 

Table 3. S-index for funding alternatives. 

Source 

Stock transrer tax" 
State and local income tax 
Parking and towing tax 
Tolls 
New-car exdse tax 
Admissions and fees 
Mortgage tax 
Sales tax Bb 
Alcohol tax 
Sales tax A< 

S-lndex 

+o.24 
+0. 18 
+O.l 1 
-0 .02 
-0.04 
-0.05 
-0.05 
-0.09 
-0.I I 
-0.13 

:uii\wtf on ownership. 

c~·::: ~~: :~::~ :~ i~~:: !; ~:;~~ ~: 

2 3 

4.07 8.35 
7.68 13.59 
6.24 I 1.36 
6.68 12.70 
2.57 6.20 
4.39 7.92 
6.69 12.86 

10.86 18.26 
I 1.12 l 8.53 
11.20 18.67 

7.58 14.39 
0.89 2.33 
8.23 14.90 
4.46 8.48 
6.86 l 2.71 
4.99 l 1.30 
4.29 7.20 

20.00 30.00 
15.36 23.77 
2.36 5.36 

Soun;e 

Gasoline tax 
Used-car excise tax 
Vehicle registration Fee 
Title transfer fee 
Utility tax 
Telephone tax 
Cigarette tax 
Public transportation 

rares 
Household tax 

4 

14.30 
21.00 
18.30 
20.5 I 
11.35 
14.48 
19.72 
27.38 
26.71 
27.53 
22.73 
5.74 

23.50 
14.95 
19.89 
16.68 
12.45 
40.00 
35.49 
10.18 

S-lndex 

-0.16 
-0.17 
-0.19 
-0.21 
-0.22 
-0.23 
-0.26 
-0 .26 

-0.39 

5 

21.98 
29.92 
26.93 
30.24 
17.49 
21.96 
29.54 
37.70 
35.86 
37.29 
32.58 
11.38 
33.87 
22.71 
30.80 
24.40 
19.99 
50.00 
44.40 
15.91 

6 7 8 9 10 

3 I .46 42 .81 56.40 73.05 100.00 
40.14 51.81 65.15 80.29 100.00 
37.07 48.81 62 ,55 78.41 100.00 
41.65 54.65 68.56 83.77 100.00 
25.44 35.82 48.47 64.24 JOO.DO 
32.41 44. 13 57.46 7 5. I l 100.00 
39.62 50.65 62.99 78.l l JOO.DO 
48.66 61.10 74.69 87.88 100.00 
46.12 57.90 70.25 84.13 100.00 
47.79 59.11 71.08 84.23 100.00 
43.94 56.06 69.70 84.09 100.00 
19.57 30.32 44.21 62.96 100.00 
45.86 58.16 71.97 85 .55 100.00 
33.30 45.15 59.81 76.80 JOO.DO 
42.65 55.35 69 .90 84.71 100.00 
34.62 45 .93 59.34 75.74 100.00 
31.36 46.82 61.32 81.27 100.00 
60.00 70.00 80.00 90.00 JOO.DO 
52.78 61.50 69.46 81.63 JOO .OD 
21.6 I 29.58 36.52 49.51 100.00 

tively), these can be omitted without affecting the 
results. The implicit assumption was made that in 
response to tax changes, households would continue 
to buy taxable items or pay ta xes in the same rela­
tive ,Pattern that they dJ.d before . llny other as­
sumption would vastly complicate empirical ca lcula­
tions. If a tax used for transportation funding is 
incremental to an existing source, the incidence 
would be essentially the same as the source to which 
it is attached. 

Since national data were used, regional incidence 
could differ significantly from the reported figures 
due to local variations in tax rates, exceptions, 
expenditures, etc. The results should thus be 
viewed as a national aggregate. In addition, data 
on alcohol expenditures, public transportation 
expenditures, and cigarette purchases suffered from 
serious underreporting, according to the u.s. Bureau 
of the Census (]d). If the degree of underreporting 
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was related to income, the reported figures could be 
biased, 

It is noted that analysis of who pays is one 
input necessary to examine the overall reclistr ibu­
tive impact of transit services. That is, combining 
the profile of who pays with that of who benefits 
would complement and expand this research. Also, 
improved data and analysis on the incidence of 
business-based taxes would be a fruitful direction 
for further research in this area. Computi'ng and 
comparing the S i ndex for different localities would 
be an additional application, 

CONCLUSIONS 

The burden of increasing transportation funding 
through a variety of household-based sources has 
been examined by employing data provided by the 
Bureau of Labor Statistics and applying the S-index 
of tax progressivity developed by Suits, A number 
of potential sources have been compared as to inci­
dence . Subject to certain qualifications, the 
analysis suggests the following conclusions : 

1. Most household-based funding sources are 
regressive, placing a greater financing burden on 
the poor. 

2. Choosing a new s ource , or replacing one source 
with another, has implicat i ons for the distribution 
of burdens, 

3, Particular pro-poor sources would be parking 
taxes, income taxes, or stock-transfer taxes. 

4, Particularly burdensome sources for the poor 
would be a household tax , cigarette tax, or a lot­
tery, 

5. Considering transit financing, o f the sources 
studied, v irtually all of them place less of a 
burden on t he poor than incre asing fares . 
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Managing Cash 1n Pennsylvania Department of 
Transportation 
JAMES I. SCHEINER 

Although t ho benefits of cash management are well known to private Industry, 
public &Jloncies have lagged In the application of cash-management techniques. 
Tho near-bankrupt condition of Pennsvlvania's Motor liconso Fund in 1979 
forced tho use of t ight cash controls as part of an initial survival ,trategy. The 
Penn,ylvania Department of Transportation (PennOOT) immediately developed 
a cash-forecas1ing methodology and inven10ried its outstanding cash receiva· 
bles, with pal'ticular emphasis on oumanding Federal Highway Administration 
(FHWA) roimbursemenu. At the same time, PennDOT disconti nued bond 111les, 
""1ich had beon used in the 11rovious administration to amass $2.2 billion of 
highway debu. In 1ho !ucceedlng three yo.ars, PennOOT (o) sold no highway 
bonds, (bl tripled the flow rate for FHWA reimbursements and simultaneously 
cut FHWA receivablos by almon $50 million, (c) put now state tax revenue im• 
mediately to work in support of a maHlve Pennsylvania highway restoration 
program, and (di consistently paid all bills on time, typically within 30 days. 

PennDOT could not have achieved all four of those re1ults without e tight 
framowork of cash management. Although the cl rcumstancBS of the Motor 
License Fund arc unusual, three lenons of its ca1h,menagemont experion~ 
have broad applicability: (a) ca.sh-flow foroca,ting provide1 greater management 
control -<leviation1 from the cash ph!n ere often early warning signals of trouble: 
(b) If an organization cannot prncisoly omwer the question-Who owes us how 
much money and when are we going to get lt?- its management is deficient; end 
(ct large cash balances are a luxury that many transportation agencies can no 
longer afford-PennDOT has run a focall y responsible highway program for 
three years, with an average cash balance equivalent to only two weeks' ex­
po nditurOf. 
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In private industry, cash management is a vital 
business function. A business adage proclaims, "The 
work isn't done until the money is in the bank.• 
Dudng periods when interest rates are at high 
levels, cash management takes on added signifi­
cance. The difference between paying and ear n ing 
interest on sums as low as a few thousand dollars 
can have a significant impact on a small firm's 
profitability. 

Public agencies have not been so sensitive as 
private industry to the financi.al impacts of cash 
flow. Clearly, transportation agencies no longer 
have the luxury of overlooking this important 
to_p.ic. With highway programs being stifled due to 
declining fuel consumption and with public transit 
facing federal operating cutbacks, improved cash 
flow has become a requirement for survival, 

NEED FOR CASH-FLOW FORECASTING 

In 1978, perhaps no state transportation department 
needed cash-flow forecasting more than the Pennsyl­
vania Department of Transportation (PennOOT). The 
Department had been living off massive highway bond 
sales for the past decade. Pennsylvania had amassed 
$2,2 billion of highway-bonded debt, more than twice 
the amount of any other state and 20 percent of the 
highway debt of the entire nation (1), 

Bond sales were curtailed only after highway debt 
brought down Pennsylvania's credit rating to the 
lowest among the 50 states. At that time, there was 
a severe cash shortage in the Motor License Fund 
(MLF), Payment delays of several months were typical 
in the 1976-1978 period, as PennDOT shut off its 
construction program and laid off 5000 employees. In 
January 1979, cash-flow management was not an op­
tion, it was an imperative. PennDOT had been op­
erating on a pay-as-you-go basis for the past three 
years, without even the semblance of a cash-flow­
forecasting methodology. 

PennDOT operates out of the constitutionally ear­
marked MLF, which collects highway user taxes and 
expends money solely for highway purposes, Although 
the State Treasurer pays the bills and invests idle 
cash and the Department of Revenue collects the 
taxes, the Department of Transportation is respon­
sible for the lion's share of expenditures. Trans­
portation, therefore, accepted responsibility for 
revenue and expenditure cash forecasting for the 
entire MLF, 

PENNDOT CASH-MANAGEMENT SYSTEM 

Today, PennDOT operates the equivalent of a $100 
mill ion/month to a $150 million/month checking ac­
count. Every month, revenues of this magnitude flow 
into the MLF, and expenditures of this magn i t ude 
flow out. There is little margin for erroI with 
cash flows this large. Despite significant uncer­
tainties surrounding many key variables, overall 
tolerances for receipt and expenditure forecasts 
must be in the +5 percent range in order to preclude 
cash shortages. -

PennDOT's cash-flow-forecasting system has been 
hig hly successful. Since 1979, the Department has 
paid all its obligations on a timely basis (general­
ly within 30 days) while maintaining a cash balance 
in the range of $25-$75 million--about two weeks' 
expenditures . 

The heart of PennDOT's cash~management system is 
the monthly c ash-flow forecast. This foiecast pro­
vides a rolling 12-month estimate of cash receipts 
and disbursements , so that plenty of advance warning 
is available to show periods and extents of antici­
pated cash shortfalls. Receipts and disbursements 
have been broken down into easy-to-forecast cate-
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gories. For example, all the Department's salary 
and fringe-benefit costs have been lumped into one 
item , irrespective of organization, because this 
tor.al can be easily forecast to +l percent. Eveiy 
foiecast i tern is tied to an ind~iv:idual, who is tech­
nically responsible for the forecast ' s accuracy. 
Actual versus forecast numbers ,are contrasted on 
every monthly report, so that technically respon­
sible indivi duals get constant feedback on each 
f orecast•s reliability. 

Monthly forecasts for the MLF are shown in Tables 
l, 2, and 3, [Tables l, 2, and 3 were developed by 
the Federal Highway Administration (FHWA) for use in 
this paper. The source tables used by PennDOT are 
available from the author. J Table l is a rolling 
12-month cash-flow forecast. The forecast is up­
dated monthly by adding one month to the end, Al­
though normal cash balances equal one-half of a 
month's expenditures , the cash balance peaks in 
April of each year to allow for the payment of an 
estimated $124 mi llion to municipalities. 

Forecasts are made by specific line items as 
shown in Table 2 for receipts and in Table 3 for ex­
penditures. Individuals are assigned responsibility 
for each forecast category. Based on compar isona 
for the last month and year -to-date subtotals of 
actual figures against forecasts, the total fiscal­
year (1981-1982) estimate is updated monthly. The 
updated FY 1981-1982 estimate for September and the 
change from August 1981 are shown in the last three 
columns of Tables 2 and 3. 

In Table 2, the actual receipts for September 
were $23 million greater than the forecasts, pri­
marily due to improved procedures for billing and 
collecting federal aid, 

In ·rable 3, contracted repairs for maintenance 
were $8.1 million greater than forecast and con­
struction contracts were $20 million less than fore­
cast. Other observations on receipts and disburse­
ments are contained in the following sections of the 
paper. 

GENERAL OBSERVATIONS ON RECEIPTS 

The timely receipt of federal aid augmentations is 
c ritical to cash-flow management. In just two fis­
cal years, Pennsylvania's federal collections were 
improved from $146 million to .$380 million while 
federal receivables (federal money owed Penn.sylvania 
but not paid) were reduced by almost $50 million. 
Thia was accomplished by identifying projects for 
which FHWA agreements or amendments wece pending and 
then processing these in priority order, based on 
dollar impact. Each PennDOT unit manager was made 
responsible for federal-aid collections for projects 
under that unit's jurisdiction. 

Since M.ay 1979 , there has been a continuing de­
cline in liquid fuels tax receipts due to the drop 
in gasoline sales. In early 1979, Pennsylvanians 
were consuming motor 1uel at the rate of 6 billion 
gal/year; by mid-1981, this rate had dropped to 
about 5 billion gal/year. Revenues from diesel fuel 
sales have fallen off far more sharply than drops in 
truck traffic, which suggests that better enforce­
ment is needed in this area. Pennsylvania's Depart­
ment of Revenue initiated a crackdown on truck stops 
that were in arrears in diesel fuel tax payments 
during mid-1981 . 

The new oil franchise tax is yielding about what 
had been p.rojected--$16-17 million/month. This tax 
is 3.5 percent of the wholesale price of motor fuel, 
less taxes, to be paid by o il companies who transact 
the first Pen nsylvania sale of gasoline or diesel 
for a highway purpose. 

License and fee receipts have also been below ex­
pected levels, principally due to the sluggishness 
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Table 1. PennDOT rolling 12-month cash-flow forecast 

Millions of DoUars 

FY 
Fiscal 1981 1982 1981- 12-Month 

Item YTD" Oct . Nov. Dec. Jan . Feb. March April May June 1982 July Aug. Sept. Forecast 

Beginning balance 
Rccolptb 

8S.3 51.8 S4.3 71.3 72.8 88 .2 101.8 !3S.O 46 .2 66.3 8S.3 67.3 68.2 84.S 51.8 

Motor fuels (2, 3) 160.8 60.4 63.9 62.2 62.2 61.4 S6.9 S5.3 S7.8 S6.8 697.7 60.8 64.4 S9.9 722.0 
Motor vehicles ( 4, S) 110.0 46.8 36.4 30.8 31.4 32.3 3S.3 43.8 Sl.3 37.3 4SS.4 33.S 33.8 44.0 456.7 
Federal and local aid 134.6 38.0 48.0 36.6 26.2 20.7 17.2 20.9 35.1 s·1.1 429.0 62.8 66.3 61.4 484.9 
receipts ( 6-8) 

Other(9-12) ..li&. __u_ _ll ___il ~ ......ti ~ ___ti _M. ___i.i. .....6.U ~ _il ......1J.. ___l2..1 
Subtotal 422.0 149.5 JS2.0 135.1 124 .2 11 9.0 117.6 124.J 148.6 I Sl.2 1643.3 159.5 169.9 172.4 1723.1 

Expenditure 
Debt and local payments 52.4 19.7 9.1 34.7 J 7.6 22.2 14.6 136.6 24.1 37.0 368.0 23.5 12.S IS .9 367.S 

(J , 20-22) 
I'ayroU mitd administration 127.6 41.2 S3 .2 49.6 49.0 S0.6 42.6 42.8 41.J 26.6 524.3 32.8 47.4 44.4 521.3 

(2-7) 
Maintenance (8-13) 155.0 S9.5 46.8 27.6 21.9 16.8 13 .0 13.0 21.6 40.4 415.6 54.2 41.4 44.2 400.4 
Construction (14-19) 126.6 26.6 25.9 21.7 20.3 15.8 14,2 20.5 41.7 46.2 359.5 48.J S2.3 78.1 411.4 
Adjustments ~ 

l4'i':o 135.0 133.6 108.8 ios.4 84.4 212.9 128.5 
.....=2J. 

is's.6 153.6 182.6 Subtotal 455.5 iso.2 1661.3 1700.6 

Ending balance SJ.8 54.3 71.3 72.8 88.2 101.8 J3S.0 46.2 66 .3 67 .3 67.3 68.2 84.S 74.3 74.3 

:YTO 11 year to d•tc1 rrom beginning of fl1cal year (FY). FY 1981·1982 begins July 1981 and ends June 1982. 
Source: Penn DOT tablu. Numbers refer lo th Une llems combined for lhis table by FHW A. 

Table 2. Evaluation of cash-receipt forecasts. 

Millions of Dollars 

Sept. 1981 YTD (July-Sept.) Change in Total FY 1981-1982 Estimates 

Receipt' Actual Forecast Difference Actual Forecast Difference Aug. Sept. Difference 

Liquid fuels tax 46.9 47.1 -0.2 143.2 141.4 +J.8 S36.9 S36. I -0.8 
Franchise tax (fuel) 16.6 16.3 +0.3 17.6 17.8 -0.2 162.8 161.6 -l.2 
Licenses and fees 38.3 40.8 -2.S 93.9 94.4 -0.5 399.4 39S.6 -3.8 
Other motor receipts 4.2 4.6 -0.4 16.1 IS.5 -+0.6 60.2 S9.8 -0.4 
Federal and local aid receipts 

Construction 28.3 18.1 +J0.2 73.2 60.3 +12.9 277.1 263.0 -14.0 
Maintenance 24.3 13.4 +J0.9 S9.4 54.9 +4.5 159.6 160.4 -+0.8 
Other 0.7 0.6 +0.1 2.0 1.4 -+0.6 5.4 5.6 -+0.2 

Restricted income 
Aviation 0.7 0.6 +0.1 1.0 1.5 -0.5 4.8 4 .8 0 
Fines, local share 0.9 0.7 +0.2 2.2 0.9 +1.3 6.S 8.5 +2.0 
Federal aid, local share 7.2 2.7 -4.5 11.9 10.3 +1.6 37.2 41.0 +3.8 
Refunds __fil_ ___M_ -0.J _Ll_ ....1.l. -0.6 -1..l.. ____u_ -0.3 

Total cash receipts 168.5 145.5 +23.0 422.0 401.3 +20.7 1658.8 1643.3 -IS.6 

1Source: PennDOT Table I, as modified by FHWA; line item I, ''Beginning Balance'', is not included here. 

Table 3. Evaluation of expenditure forecasts. 

Millions of Dollars 

Sept. J 981 YTD (July-Sept.) Change in Total FY 1981-1982 Estimates 

Expenditure• Actual Forecast Difference Actual Forecast Difference Aug. Sept . Difference 

Debt service 11.7 J 1.6 +O.J 39.9 39.9 0 166.7 166.8 +0.1 
State police 11.0 11.0 0 22.0 22.0 0 110.1 110.1 0 
Other departments 2.8 2.4 -+0.4 8.5 5.5 +3.0 33.1 35.2 +2.1 
l'llyroU 28.1 24.9 +3.2 87.1 80.0 +7.1 332.2 330.0 -2.2 
Travel and subsistence 0.6 1.0 -0.4 1.7 1.9 -0.2 7.5 6.7 -0.8 
Communications, professional, and other services 1.3 1.6 -0.3 5.4 7.3 -1.9 21.3 23.3 +2.0 
UtilitlC$ and rentals 1.0 1.4 -0.4 2.9 3.7 -0.8 20.5 19.0 -1.S 
Contracted repairs (maintenance) 42.0 45.9 -3.9 109.S 109.2 +0.3 26S .8 273.9 +8.1 
Contracted maintenance serviCes 1.0 0.6 +0.4 3.4 2.1 +1.3 13.7 14.1 +-0 .4 
Materials, winter traffic 0.1 0.1 0 17.7 17.7 0 
Maintenance materials l 2.7 9.1 +3.6 32.9 24.6 +8.3 67.6 73.6 +6.0 
Equipment ruels, suj,pUos, and put, 2.S 2.3 -+0.2 7.2 6.8 -+0.4 30.1 29.8 -0.3 
MlsccU1nc-0us equipmen1 and .,upplics 0.6 0.4 -+0.2 1.9 1.2 -+0.7 s.o 6.S +l.S 
Engincorins, plannln.1, and rneuch contracts 0.9 J.S -0.6 3.7 7 .8 -4.1 IS.9 14.8 -1.1 
Righ1-or-w1y oWms 2.0 2.3 -0.3 S.3 2.S +2.8 14.5 14.2 -0.3 
Railroad and utility work 0.6 0.7 -0.1 2.9 2.1 -+0.8 8.1 10.0 +1.9 
Construction contracts 22.S 30.1 -7.6 71.1 81.3 -10.2 280.0 260.0 -20.0 
0.pitaJ OU tlay 3.3 6.6 -3.3 14.0 13.0 +1.0 30.8 30.9 -+0 .1 
State highway and bridge authority 29.6 29.6 0 29.6 29.6 0 29.6 29.6 0 
MuniclJ>I.! (fuels tax) 0.2 1.2 -1.0 1.3 3.3 -2.0 149.9 149.4 -0.S 
Munlclpl.! (fines and penalties) 8.3 7.8 -0.S 
Federal aid, local government -1..8.. ...-1.J.. fl.S .J..U ~ -+0.3 ___llJl. _M.!! +6.0 
Total payments and expenditures 180.2 J 87.S -7.3 461.6 4S9.9 +6.7 1666.4 1667.4 +1.0 

Add vouchers payable (beginning) IS.3 21.3 21.3 
Less vouchers payable (endins) ::lli 

187.5 
::lll 

4S4.9 1666.3 
...=lM 

Total cash payments 168.1 -19.4 4SS.5 +-0..6 1661.3 -S.O 

-SOurcci: PeMDOT Tabl• 3, u modified by FHWA. 
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Table 4, Pattern of contract expenditures for highway projects. 

Cumulative Percentage of Total FY Expenditure Through: 

Type of Contract July Aug. Sept. Oct. Nov. Dec. Jan. 

Maintenance 
FY 1979-1980 9 21 32 42 56 66 74 
FY 1980-1981 II 24 40 57 68 79 83 
Two-year avg 10 23 36 50 62 73 79 

Construction 
FY 1979-1980 9 20 29 39 51 61 69 
FY 1980-1981 12 18 31 39 46 58 63 
Two-year avg II 19 30 39 49 60 66 

of new-car sales. Pennsylvania's inauguration of 
staggered vehicle registrations and four-year 
driver's licenses with photographs had beneficial 
cash-flow impacts during the implementation periods 
of these programs. 

"Other motot receipts," which account for about 
$60 million annually, include fines, vehicle safety 
inspection sticker sales, and interest i ncome. 'With 
high interest rates and quicker turnatound of fed­
eral funds, i nterest income is now approaching $15 
million annually. 

GENERAL OBSERVATIONS ON DISBURSEMENTS 

The three largest disbursement categor ies--payroll, 
construction contracts, and maintenance con­
tracts--account for well over half the total MLF ex­
penditure. 

The payment schedule for debt service is not sub­
ject to change. The MLF payment schedule for State 
Police , however, may be adjusted from month to month 
as long as the total amount is paid by the end of 
the fiscal year. 

Payroll is the largest single cash-disbursement 
item; it accounted for $330 million in the 1981-1982 
fiscal year. For the ·past three fiscal years , the 
Department has held payroll to about 4 percent aver ­
age annual growth i n order to prov ide as much money 
as possible for road contracts. 

Comparison of actual versus foxecast for other 
disbursement items provides an independEmt manage­
ment check on the pace o f key activities. All cases 
of unusually low or high payments are investigated . 
Claim settlements can have significant disruptive 
effects . The Department's Chief Counsel provides 
immediate input to the cash-forecasting system on 
major cases and negotiates payout schedules based on 
the Department's fiscal capabilities. 

Forecasts for the construction and maintenance 
contract payments rely on the Department's new com­
puterized project management system (PMS). This 
system is extensively described, including its cash­
for.ecasting modules, in a paper by Kutz and Zeiss 
(.£). The computer generates payment forecasts for 
each of the Department's 11 engineering districts, 
with past forecasts checked against actual data. 
Where the correlation has been poor, the technically 
responsible individual may override the District's 
zorecast until the situation can be corrected. 

The "vouchers payable" entry represents the De­
partment's "float"--checks authorized for payment 
but not yet paid. Although there have been short 
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Feb. March April May June 

77 80 82 89 JOO 
85 88 90 94 JOO 
81 84 86 92 100 

72 78 81 90 100 
68 72 80 89 100 
70 75 81 90 100 

periods when the MLF' s cash balance has dropped be­
low the •vouchers payable" amount, the Department 
has never had to delay a payment since the advent of 
cash forecasting in April 1979. 

Table 4 shows the pattern of contract expend.i­
tures for both maintenance and construction projects 
through FYS 1979-1980 and 198.0-1981. Pennsylvanb' s 
expendi t\Jre pattern, which may be typical for snow­
belt state$ , shows that 66-79 percent of maintenanc.e 
cont:i:act expenditures are incuned in the July-De­
cember period. Construction contract expenditures 
are more uniformly spread, with about 60 percent in­
curred in the July-December period. 

CONCLUSIONS 

Each state has unique financial arrangeinents for 
supporting transportation needs. Some states have 
earmarked transportation funds , whereas other states 
get appropriations from general funds. Practices to 
reserve state funds for projects and to account for 
federal aid differ considerably from state to 
state. There are three basic lessons of PennDOT's 
cash-management experience, however, that have broad 
applicability. 

First, regardless of the financial situation, 
cash-flow forecasting is an excellent tool to gain 
greater management control. Deviations from ex­
pected cash performance are often early warning sig ­
nals of problems that merit top management attention . 

Second, the flow of fedexal reimbursements is 
er itical to cash performance . These reimbursements 
are not automatic nor are they always prompt. Man­
agement should know precisely what federal reim­
bursements are outstanding and when they are sched­
uled for collection. 

Third, Pennsylvania has shown over the last three 
years that it is possible to run a fiscally respon­
sible highway program with minimum cash balances. 
Cash cu11hions can be converted into additional road 
projects but only after establishment of tight cash­
management controls. 
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Abridgment 

Subjective Perception of Car Costs 
WERNER BROG 

The costs Involved In owning and using can are very incomplotely pe1ceived by 
c:ar owners, since they are frequently consciously or unconsciously repressed. 
In order to be able to empirically study this phenomenon more or less reliably, 
every 1peclal methodological design is noeded. ln·depth interviews nnd Inter­
active measurement methods, in particular, are especially promising to study 
the perception of cor costs. By using these methods, It can be proved that there 
is a tendency to undercs!lmate the out·of•pocket costs Involved In using cars, a 
fact that has already been demonstrated in a number of studies. Simultaneously, 
It can be shown that the extent to which it is known what the expenditures aro 
for other item, In the car budget Is even more limited. Furthermore, many car 
owners so thoroughly repress .some of the costs involved in using their cars that 
they rofuso to acknowledge curtain Items, oven aher they have been reminded of 
these categories of expenditure and admitted that they had forgotten these 
costs. 

Since the energy cr1s1s of 1974-1975, at the latest, 
when the price for gasoline was continuously rising, 
the question of the extent to which the costs in­
volved in owning and running a car influenced mode 
choice was posed increasingly often (1). However, 
it quickly became clear that car owners are poorly 
inforr11ed about the actual costs involved in owning 
and using their cars. This has been demonstrated by 
a number of studies (2-4), which show that car 
owners not only frequently underestimate the amount 
they spend on their cars, but that they also tend to 
either ignore or minimize certain types of expendi­
tures (e.g., for repairs, depreciation in car va-1ue, 
and parking fees), Often, only running costs were 
considered when calculating car budgets, i.e., the 
price paid for gasoline and oil, etc, But even when 
only these running costs were considered, they were 
frequently underestimated (5). Furthermore, a 
number of factors suggested- that when operating 
expenses for cars increase, most car owners respond 
by trying to reduce their running costs (i) and that 
fixed expenditures for maintaining cars are less 
closely scrutinized. 

This insight seemed to suggest that it might be 
advantageous to er! t ically examine the percept ion of 
all expenditures related to ownership and use of 
cars. A study of this sort also seemed to be neces­
sary because econometric-oriented planning models 
frequently focus mainly on out-of-pocket costs, 

However, a study of the perception of the car 
budget is methodologically problematical (2). One 
of the reasons for this is the fact that actual 
expenditures are all too often repressed or mini­
mized. Thus, a methodologica-1 design had to be used 
that could break through subjective barriers. It 
was also necessary to compare cost estimates with 
comparative data that were as objective as possible. 
Therefore, in the study presented here (.!!_), special 
instruments were designed to examine a sample of 600 
car drivers in the Federal Republic of Germany. The 
study was sponsored by the German Automobile Club 
(ADAC). 

METHODOLOGICAL DESIGN 

Personal in-depth interviews had to be used in order 
to identify perceived car costs and determine objec­
tive car costs as precisely as possible. In these 
interviews, different methods were used to deal with 
various questions. 

Questions pertaining to purchase and use of cars 
were posed directly. Since the study for the most 
part dealt with behavior that had occurred within 

the last 12 months, it was assumed that answers to 
factual questions would be more or less precise 
since the recall period was not that long. (This 
naturally did not apply to questions likely to 
elicit emotional responses.) 

However, during specific "critical" parts of the 
interview, it was necessary to ensure that the 
presence of the interviewer did not result in biased 
responses that could not be corrected later, This 
was done either by using scales or lists of various 
sorts so that the memories of the respondents would 
not be overly taxed when several responses were 
called for or by using questionnaires in which the 
respondents would note their answers in their own 
words, i.e., without the intervention of the inter­
viewer. These instruments were used when individ­
uals were asked to list the types of expenditures 
involved in the upkeep and use of their cars, re­
sponses that could easily be influenced by inter·ac­
tion with the inte rviewer. 

Different categories of expenditure had to be 
standardized because so many different types of 
costs are involved in estimating the car budget. 
This was done by using sets of cards on which dif­
ferent items of expenditure were precisely defined 
and differentiated from other types of expenses. 
Since the or.der of the cards could be changed at 
will, it was possible either to arrange expenditures 
in the chronological order in which they had arisen 
or to list items in order of importance. 

Projections, for alternative behavior, for in­
stance, are always methodologically difficult to 
study. In other surveys, the Institute for Empir i­
cal Social Research had already developed instru­
ments (interactive measurement methods) (2,) in which 
individuals not only answered prepared questions but 
also participated in creating situations that were 
as realistic as possible. 

In this study, these interactive measurement 
methods were applied by having the households play a 
car budget game. The respondents used chips to 
depict their monthly net incomes and to represent 
the amounts spent on precisely defined categories of 
expenditure. Four types of car expenditures were 
differentiated (developed and used by the ADAC): 

l. Fixed costs (car taxes, insurance payments, 
inspection fees): 

2, Costs for running the car (gasoline, oil, 
washing and polishing costs, etc.): 

3. Repair costs and maintenance costs (oil 
change, repairs, etc.): and 

4. Loss in value of car (car depreciation), 

In its final form, the interview consisted of 
nine different parts: 

1, Number of cars in household: 
2. Number of kilometers driven per year: 
3. Perception of car costs: 
4. Controlled analysis of different items of 

expenditure: 
5. Car purchase: (a) purchase of extras for car, 

(b) degree to which informed about insurance and 
manner in which decision made which car insurance to 
buy, (c) reasons for buying gasoline at particular 
station, (d) manner of dealing with repairs of 
different sorts, (e) degree to which informed about 
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the car market and manner in which dec ision made 
which car to buy, (f) degree to which one is in­
formed about the depreciation of cars, and (g) car 
maintenance; 

6. General attitudes toward informing oneself of 
different car-related expenditures; 

7. Household game to measure sensitivity to 
increased car-related costs; 

8. Sociodemography; and 
9. Interviewer and interview. 

The respondents estimated their car budgets in 
four different stages; in each successive stage, 
they had more information than in the preceding 
stage: 

l. The respondents were asked to •spontaneously" 
estimate their car-related expenditures, 

2. The responde nts c a r efully considered whether 
their spon t aneous est imate had really taken all 
different kinds of costs into account, 

3. The interviewer used the card sets to remind 
the respondents of the various categories of expen­
diture, and 

4. The household made its estimate by using any 
bills and receipts that might have been kept (it was 
forbidden to use such bills and receipts in the 
previous three stages). 

The most important section of the final part of 
the interview was the use of the household game. 
Th is game was needed since it woul d no t o therwise be 
poss i .bl e foe t he int erviewer to c heck a nd e valuate 
the accuc acy of the r esponses . Howeve r, by using 
the game, the inter viewer became fami.l i ar wi th t he 
circums tances of the hou s eho.lds a nd t he a t titudes o f 
the r esponde nts towa r d differ e n t questions perta i n­
ing t o cos t. Si nce i t coul d be ass umed that the 
r es ponden t s had gone through an i nte ns i ve l ea rning 
pr ocess i n t he differ e nt stages o f the study , i t wa s 
assumed that the fi na.l budget estimat es woul d i n­
c lude a l l t h e di f f erent t yp e s o f oar e xpens e s t ha t 
were not be i ng repr e s sed , ignored, or ra t i ona l ized. 
To a l arge ex t en t , the i ntervi ew s ituat i on used 
e nsured that the res ul t s o f measuremen t wou ld be 
accurate. This would not have been so had conven­
tional survey instruments been used. 

ESTIMATING TOTAL CAR BUDGET 

The mon t hly oa r expe nd i t ures for own i ng and using 
cars were grossl y unde restima t ed by the car drivers 
who we re interviewed, Although t wo o ut of every 
three r esponde nts c l aimed to have a. g.ood or ver y 
good knowledge of their car e xpenditure s (Ta ble l) 
when estimating t heir oar budgets , S6 percen t of the 
res pondents we i; e fo rced to i nc rease their total car 
budgets between t he fie.st a nd t he l ast estima t es . 
The fi nal car budget estima te for every t h i rd re­
s ponden t. was mor e than 20 percent higher than t he 
first , s pon taneous estima te . Eve ry fifth person was 
forced t o increase t he final estimate by 40 percent 
or more (Ta ble 2 ). Bu t a c ertain relations h ip 
between the degree to which a person is informed and 
h i s or her sel f-eval uation could be identified . 

l\.l though the value of a lmos-t all car s deprec iates 
(with t he e xce ption of certai n classics), only 
one-thi r d of all t he r e spondents s pontaneously 
guoted this item as a part of the car budge t . Si nce 
a pe rson has to be somewhat familiar with econom i.o 
thinking in order to realize that the value of a oar 
de preciates each year , many car drivers for get this 
i tern. However, even after the respondents were 
reminded that their cars were worth less each year, 
13 percent of the respondents had no idea whatever 
how much the value of their cars depreciated each 
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year. The a verage car budget is underestimated by 
about 30 per cent per year due to the fact that car 
depreciation is often ignored. 

The car budget as estimated by the respondents 
accounts for an average of 17 percent of the net 
income of the households interviewed. This is only 
slightl y less t han the households paid f or ren t 
(inc l udi ng heat , ga s, elec t r icity, t elephone , a nd 
television fees ) or grocer i e s (exclud i ng alcohol , 
c igarettes , e t c.), fo r wh ich t he a verage househol d 
spent 21 percent of i t s monthly net i ncome. I\ 
comparison of t hese f i gures with the fi gures q uoted 
i n gover nmen t statistics <W s hows (with t he excep­
tion o f t he c a r budget ) that these figures are 
similar to the national statistics for Household 
Type 2 ( four-pe r son household with average income), 
which is most s imi lar to the type of households 
included in the sample. 

The car-related expenses, which were higher than 
t ho se q uoted in the gove r nme nt s tatis t i c s , were a 
res ul t o f the methodological con t ents o f the survey; 
i n the gove rnmen t stati stics , the proportion of the 
month.ly ~e t i ncome spent on c ars (abou t 14 per cent) 
does not i nc l ude de pr ec iatio n of th e car s bu t does 
include the purchase price. 

On the other hand, the instruments used in this 
survey not only inc.luded the deprec iat ion value of 
the cars (as far as poss ible) but a l so reminded the 
respondents of the different types of expenditures 
related to car use. As a result of these survey 
techniques, the respondents increased their esti­
mates from an average of 300 German marks per month 
in their first estimates (14 percent of their 
month l y net income) t o an averag e o f 365 German 
ma r ks per month (17 pe r cent o f their monthly net 
i ncome ) ; th i s l atter figur e i s much more realisti c 
tha n the f i rst one. However, i n f act, t he a verage 
household included in the survey spent an average of 
20 percent of i ts ne t mon t hl y income on its car 
budget. This was c aus ed no t onl y by the fac t that 
the dep reci ation va lue of the c ac was so freque ntly 

Table 1. Precision of car budget estimate. 

Cost" (%) 

Precision of Depre-
Estimate Total Fixed Repair Operating ciation 

Very precise 18 18 9 13 10 
Rather precise so 59 49 62 25 
Less precise 27 17 28 18 13 
Not precise 5 3 6 3 4 
No response 3 8 4 13 
Not exposed to 34 

this cost 

"ease ( B) = 600. 

Table 2. Self-evaluation of precision of estimate. 

Respondents by Type of Estimate ('fr·) 
Increase 
in Very Rather Less Not 
Estimate All Precise Precise Precise Preds~ 
(%) (B = 585) (B = 104) (B = 299) (B = 157) (B = 25) 

None 44 58 41 39 44 
< 20 21 18 21 23 16 
20-40 14 9 15 18 8 
40-60 8 5 8 10 8 
60-100 9 7 9 7 13 
> 100 4 2 6 3 II 

Avg 22 15 24 22 29 
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ignored but also by the fact that many were unwill­
ing to acknowledge certain categories of expendi­
ture. (The latter categories are dealt with later 
in this paper.) 

ACCURACY OF ESTIMATES 

The extent to which estimates for the total car 
budget and for different categories of expenses are 
considered to be accurate is an important factor in 
determining the subjective perception of car costs. 
As Table 1 shows, individuals are surer of what they 
spend on some items than on other items. Thus, 
although two out of every three car drivers believe 
that they can estimate what they spend on their 
entire car budgets accurately or very accurately, 
three out of every four car drivers believe that 
they can estimate their fixed costs and running 
costs accurately or very accurately. In regard to 
the rarer repair costs, there was much less confi­
dence in the estimations, although even here, three 
out of five car drivers thought that their estimates 
were either accurate or very accurate. However, 
whenever possible, these subjective evaluations had 
to be compared with actual facts. One indication of 
whether these subjective evaluations were likely to 
be more or less objectively valid was whether or not 
the respondents kept a record of their expenses, 
i.e. , an account of running costs and whether this 
was examined from time to time. 

However, it is important to identify the reasons 
why a record of car expenditures is maintained if 
the control function of this record is to be evalu­
ated, Thus, the fact that four out of every five 
keep their bills and receipts tells one nothing 
about the actual reasons why t hese documents are 
kept. When asked whether they saved their bills and 
receipts, 126 out of a sample base of 600 (21 per­
cent) said that they did not. Out of the base of 
600, 4 74 ( 79 percent) said that they did keep bills 
and receipts, as follows: 

~ Percent 
All car expenditures 28 
Specific expenditures 72 
Fixed costs 88 
Runni ng costs 33 
Other costs 88 
Of the same size base, the following reasons for 
keeping bills and receipts were given: 

No. 
Reason Res122nd i n9 Percent 
Own records 241 40 
Internal Revenue Service 238 40 
Reclamation 187 31 
Insurance 152 25 
Business 28 5 
Other 49 8 

When asked whether they kept an account of their car 
costs, 478 out of the base of 600 (80 percent) said 
that they did not. out of the base of 600, 122 (20 
percent) said that they did keep an account of their 
car costs for the following reasons: 

Reason 
All car expenditures 
Specific expenditures 
Fixed costs 
Running costs 
Other costs 

Percent 
50 
50 
70 
78 
77 

Reasons given for keeping an account of car costs 
were as follows: 

~ 
Record of gasoline con-

sumption 
As personal record 
Business 
Other 

NO , 
Res122nd in9 
49 

46 
24 
20 

Percent 
8 

8 
4 
3 

45 

Among those who kept their bills and receipts, a 
larger-than-average number either drove a great 
deal, owned a new c ar , used their cars predominantly 
for business purposes , or were self-employed; i.e., 
they were precisely those for whom car costs do not 
play a particular l y l ar ge role and for whom saving 
bills and receipts is l ess for control purposes than 
for tax purposes. 

The same applies to those who keep an account of 
their car expenditures. A relatively large number 
of those referred to above also keep a record of 
their car expenses. (Among those who use their cars 
primarily for business purposes, every third person 
keeps an account of his or her expenses.) However, 
an account of gasoline and oil expenses is usually 
kept for business purposes rather than for personal 
reasons. Only 8 percent of all car drivers (14 
percent of the unemployed) keep a record of their 
car-related expenditures for personal reasons. 

The car budget estimates used in the survey made 
it seem sensible to use only the first, spontaneous 
estimate and the final estimate . The in-between 
stages were primarily of methodological value; i.e., 
they were to help the respondent to calculate his or 
her actual car-related expenses. Estimation errors 
thus refer to the difference between the initial and 
the final estimate. Since it did not seem to make 
much sense to categorize errors in estimation in all 
too precisely differentiated subgroups, increases in 
expenditures were depicted only in intervals of 20 
percent. 

In the final estimate, the total car budget was 
an average of 22 percent higher than in the first, 
spontaneous estimate. However, for different 
groups, there are considerable differences between 
the first and the f inal estimate . Th i s i s espe­
cially a ppar ent if o ne c lassifi~s peopl e acc ording 
to whethe r or not they are employed a nd what their 
occupations are. While those who are self-employed 
underestimate their expenditures by an average of 
only 16 percent and blue-collar workers underesti­
mate their expenditures by only 13 percent, those 
who are unemployed underestimate their expenditures 
by an average of 29 percent (Table 3). 

Since the first and final estimates differ so 
radically for different groups, it makes sense to 
use averages for purposes of comparison. While the 
first and the final estimates were the same for 44 
percent of the respondents, every fifth car driver 
increased his or her first estimate by 40 percent or 
more. The difference between the first . and final 
estimates was least pronounced for those who used 
their car predominantly for business purposes, those 
who drove new cars, and those who were self-employed 
(Table 3). These are precisely those who keep an 
account of their car expenses relatively frequently. 

Although these accounts are rarely kept for 
personal reasons, keeping track of expenses causes 
one to have a (subjectively) more accurate record of 
expenditures. This is shown in Table 4. Only every 
second person who keeps an account of his or her 
expenses increases the estimate, and by an average 
of only 15 percent. Those who do not keep records 
of their expenditures increase their initial ' esti­
mates by an average of 25 percent. The relationship 
between number of kilometers driven per year and the 
precision of the budget estimates is equally under­
standable (Table 4). 
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Table 3. Effect of employment status and type and use of car on estimate of total car costs. 

Employment Status(%) 
Increase Percent Primary Use of Car (%) Type of Car(%) 
in of Total Unem· Blue-Collar White-Collar Civil Self· 
Estimate Respondents ployed Worker · Worker Servant Employed Business Private New Used 
(%) (B = 585) (B = 63) (B = 42) (B = 287) (B = 52) (B = 111) (B = 98) (B = 487) (B = 246) (B = 339) 

None 44 28 45 45 41 52 53 42 50 40 
<20 21 23 32 19 18 24 21 21 15 24 
20-40 14 22 16 14 II 9 10 16 13 16 
40-60 8 13 2 8 8 7 6 8 8 8 
60-100 9 5 5 9 18 6 7 9 10 8 
>100 4 9 5 4 2 3 4 4 4 

Avg 22 29 13 22 28 16 17 23 20 22 

Table 4. Effect of keeping account of car costs and yearly mileage on estimated total car costs. 

Increase Percent Account of Account of Mileage Driven per Year(%) 
in of Total Car Costs Car Costs Not 
Estimate Respondents Kept(%) Kept(%) >20 000 km 10 000 to 20 000 <10 000 km 
(%) (B = 585) (B = 118) (B = 467) (B = 1 SO) km (B = 295) (B = 140) 

None 44 52 42 46 43 44 
<20 21 21 21 26 21 16 
20-40 14 12 14 12 14 16 
40-60 8 10 8 4 8 12 
60-100 9 4 10 10 7 8 
>IOO 4 1 6 2 6 4 

Avg 22 15 25 18 22 25 

Figure 1. Perception of car costs. 
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DIFFERENT PERCEPTIONS OF DIFFERENT TYPES OF EXPENSES 

Even more interesting than those categories of 
expenditure that were simply underestimated were 
those types of costs that were totally forgotten, 
repressed, or rationalized and the changes that 
resulted in the first and in the final estimates 
when people were reminded of these expenses. It 

~ !Flnall response 1 when rremory aids 
used 

becomes clear how car costs are perceived when one 
notes the difference between those costs that occur 
spontaneously to respondents and those costs that 
the respondents totally ignored until they were 
reminded of them by the interviewer. Figure l shows 
the differences in the perception of various types 
of costs. Respondents have a fairly good idea of 
their out-of-pocket costs, of major expenses, and of 
running costs. Gasoline, tax, and insurance costs 
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are fairly well perceived, as are repair and mainte­
nance costs. Ninety percent of the respondents who 
had had such expenses recalled them. 

Larger purchases, such as tires, batteries, or 
the car itself, as well as minor expenses such as 
car washing and waxing costs, were somewhat more 
poorly perceived. Each fifth respondent had to be 
reminded of these expenses by the interviewer. 

Expenditures for fees of various sorts were 
frequently repressed or forgotten. Each third 
respondent who had had to pay parking fees, parking 
tickets, speeding tickets, membership fees in auto­
mobile clubs, registration fees, or inspection fees 
had to be reminded of these items. These expenses 
were forgotten more quickly than expenditures that 
pertained directly to car use. This also applied to 
the purchase of such "extras" as slipcovers. 

However, although it is perhaps understandable 
that the respondent could forget minor expenses, it 
is somewhat odd that every twentieth car owner had 
to be reminded of the cost of taxes and insurance 
for the car. (The remainder of this group had had 
these costs paid for by a third party.) 

The proportion of these car owners can also be 
found in that group for whom there was no difference 
between the first and final estimates of the total 
car budget. This means that here too almost every 
twent ieth respondent had to admit that a category of 
expenditure had been forgotten and yet refused to 
increase the estimate for the total car budget. In 
this group as a whole, the cost for specific items 
resulted in a 15 percent increase in costs, but this 
was not reflected in an increase in the total car 
budget, a particularly clear example of the subjec­
tive process of repressing certain types of car 
expenses. 

To summarize, one can say that for the majority 
of car drivers, (a) specific types of car expenses 
are partly repressed, especially fees, extras, car 
depreciation, etc. i (b) even when respondents ac­
knowledged that they had forgotten certain cate­
gories of expenditure, this did not necessarily 
induce them to increase the total car budget i and 
(c) even when the car budget was radically in­
creased, not all categories of expenditure were 
taken into consideration. 

Thus, almost all those who used cars showed that 
they were extremely poorly informed of the costs 
involved in using their cars. The problem is even 
greater than the above discussion would suggest. 

INFORMATION ON PRICES AND COST CONTROLS 

In the broadest sense of the term, only approxi­
mately every second car driver is price conscious, 
i.e., selects that product deemed to be less expen­
sive. When the value of the product increases, the 
respondents do show a stronger tendency to do com­
parative shopping. When making minor purchases, 
only 14 percent of the respondents did comparative 
shopping and 11 percent were influenced by "tips," 
test results, or suggestions made by friends or 
acquaintances. However, when the purchase pr ice of 
the product to be bought increased, 47 percent of 
the respondents did comparative shopping and 29 
percent of the respondents were influenced by brand 
names. When buying tires or batteries, for in­
stance, two out of every five respondents were 
influenced by tips or by test results (Table 5) • 
However, when the respondents selected their insur­
ance policies, price was not the most important 
factor considered. Every fifth respondent did not 
know how high insurance payments were and only 
approximately every third person kept track of price 
developments for the different insurance companies. 
Out of a base of 600, BO percent knew what their 
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insurance payments were. The degree to which people 
keep informed about reports on insurance companies 
is as follows: 

Degree 
Not at all 
Only for own company 
For other companies also 
No response 

Percent 
63 

B 
28 

l 

The insurance company was chosen because of the 
following reasons: 

Reason 
Accidental 
Low costs 
Large returns 
Good benefits 

Percent 
· 29 

31 
7 

14 
Serious company 11 
suggestion 7 
Acquaintances/friends work there 6 
Other 6 

As might be expected, the most comparative shop­
ping was done and the most deta iled scrutiny of 
information sources took place when it was decided 
to purchase a new car. Of the respondents, 44 
percent decided where to buy their cars only after 
they had compared various offers. The other respon­
dents either knew in advance where they would pur­
chase their car or else selected their car more or 
less accidentally. This is obviously caused by the 
fact that most of those who wish to buy a car have 
some idea of what they are looking for--type of car, 
manufacturer, size, etc. Other respondents bought 
their cars where they did because they were regular 
customers at that dealer. 

Although cost is relatively important when it is 
decided where to buy gasoline, it is not the only 
factor taken into consideration. However, one can 
assume that price has become more important in 
recent years as the price of gasoline has soared. Of 
a base of 600, 57 percent of the respondents regu­
larly patronize the same gasoline station and 43 

Table 5, Purchase of equipment. 

Type of Equipment 

Soap, Wax, 
Spark Plugs , 

Tires, Batteries, Radio , Slipcovers , Defrost Spray, 
Headlights, Fire Extinguisher , Windshield 
Head res ls First Aid Kit Wiper Blades 
(%) (%) (%) 

Response (8;261)" ( B; 175) (B; 443) 

Shopped at given store, 
service station because 

Always go there 21 14 29 
Close to home/work 8 5 16 
Cheap 54 67 39 
Other 15 11 12 
No response 2 3 4 

Comparative shopping 
Took place 46 47 14 
Did not take place 53 51 86 
No response I 2 

Influenced by brand 
No 59 65 82 
Yesb 39 29 II 
No response 2 6 7 

a Ktspondenls who had bought at least one article In this cal ti gory themselves within lhe 
blast t 2 months. 

Influenced by specials, test results, suggt'!stions, etc . 
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percent do not. Reasons for selecting a gasoline 
station are as follows: 

Reason 
Price 
Near home 
Good service 
on way to shopping 
Other 
No response 

Percent 
41 
26 
15 

3 
6 

21 

Of 600 respondents, 80 percent knew gasoline pr ices 
exactly and 20 percent could not remember them. Re­
spondents who i nform themselves about gasoline 
prices in their communities do so with the following 
frequency: 

Frequency 
Regularly 
Occasionally 
Only in passing 
Hardly ever 

Percent 
13 
18 
36 
32 

Nevertheless, the expenditures for operating the 
car account for only 40 percent of the costs in­
volved in using cars. And the perception of other 
expenditures is even worse than that for operating 
costs, for instance, the perception of repair costs, 
which account for 19 percent of the car budget, and 
the perception of fixed costs, which account for 27 
percent of the car budget. The depreciation in the 
value of the car, wh ich accounts for an average of 
14 percent of the yearly car budget, is usually 
either partly or totally repressed. 

The assumption that radical increases in operat­
ing costs for cars would lead people to be more 
aware of car-related costs could not be justified in 
this study, with the exception of the purchase price 
of the cars. 

Nevertheless, as inaccurate as the perception of 
the car budget might be, car-related costs are still 
comparatively well accounted for in the household 
budget in contrast to other categories of expendi­
ture. 

A detailed study (11) of total household budgets 
showed that there were even worse errors in the 
perception of the total expenditures for the house­
hold. In Munich, for instance, only 2 percent of 
all households kept a regular account of their 
expenditures and only every sixth household (18 
percent) could precisely account for income and 
expenditures. Approximately every fourth household 
(23 percent) knew precisely what they spent for at 

Transportation Research Record 858 

least some categories of items, whereas 38 percent 
of the households could more or less correctly 
reconstruct their household budgets--with some 
effort. Every fifth household (21 percent) could do 
no more than roughly estimate its expenditures, even 
with great effort. 
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A Decade of Change for Mass Transit 
JOHN PUCHER 

The transit industry in the United States was transformed during the decade of 
the 1970s. This transformation consisted of changes in institutional structure; 
changes in the amount, type, and location of transit service; and changes in 
cost levels and in the means by which costs were financed. The purpose of this 
paper is to examine the nature and extent of these changes, with particular 
emphasis on changes in levels of service, costs, and financing. Variations in 
these trends among different transit systems are highlighted, and causes of the 
variations are analyzed by a range of statistical methods. Although the econo­
metric results are not entirely conclusive, they suggest that various aspects of 
the current transit program may encourage cost escalation and thus hamper the 
effectiveness of government subsidies to transit. 

The transit industry in the United States underwent 
a revolution during the decade of the 1970s. Unlike 
most other ind us tries, however, the transit revolu­
tion resulted not from technological change but 
rather from shifts in public policy. The most 
important aspects of transit's transformation were 
changes in the institutional framework of the in­
dustry, accompanied by a broadening of the perceived 
objec tives of transit; changes in the amoun t, type, 
and location of transit service; and changes in the 
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costs of transit and in the means by which these 
costs were financed. The purpose of this paper is 
to examine the nature and extent of these changes 
with particular emphasis on changes in levels of 
service, costs, and financing, Variations in these 
trends among differe nt transit systems are high­
lighted, and causes of the variations are analyzed 
by a range ·Of statistical methods. 

NATIONWIDE TRENDS 

There were significant differences among cities 
along virtually every dimension of change in mass 
transit during the 1970s. Nevertheless, an examina­
tion of nationwide aggregate trends is useful for 
identifying the most important, overall shifts in 
the industry. The changes focused on here are 
institutional changes, service-level changes, and 
changes in costs and financing. 

Changes in Institutional Framework 

Changes in the institutional structure of the tran­
sit industry during the 1970s represented the cul­
mination of trends that had been initiated in the 
1960s. In both decades, the proportion of the 
industry that was publicly owned increased substan­
tially. The percentage of public systems increased 
from 5 to 15 percent between 1960 and 1970 and from 
15 to 55 percent between 1970 and 1980, Moreover, 
this increasing number of public systems provided a 
larger and larger proportion of the nation's transit 
service: from 36 percent of total vehicle miles in 
1960 to 68 percent in 1970 and 93 percent in 1980 
(l, p. 43). Thus, transit in the United States has 
been transformed from a primarily privately owned 
industry to one that is now overwhelmingly public. 
Related to this development, consolidated metropoli­
tanwide transit agencies have become increasingly 
common. Although such regional authorities have 
enhanced the possibilities for comprehensive plan­
ning, service coordination, pooling of overhead 
costs, and regionwide financing, they have elimi­
nated most competition withi n the industry. Some 
observers blame public ownership and lack of compe­
tit ion for the rapidly rising costs and subsidy 
requirements of transit during the 1970s , which· are 
documented ill subsequent sections of this paper Cl, 
pp. 42-49; 1, pp. 109-113) . 

Increasingly viewed as a public service to be 
provided by local government agencies, transit has 
been ru.n less and less to maximize profits or even 
to minimize losses. Rather, transit operators have 
been charged with the responsibility for achieving a 
wide range of social, economic, and environmental 
goals such as pollution abatement, congestion re­
duction, energy conservation, central-city revitali­
zation, traffic safety, and improved mobility for 
the poor, the eldecly, and the handicapped (!, pp. 
171-203; 2., pp. 1-12, 32-36). Political considera­
tions have supplanted market competition as the 
guiding force for determining service policies, fare 
structures, and operating procedures. In some in­
stances, the resulting political bargains may have 
led to inefficiency. For example, suburban portions 
of regional transit districts have received addi­
tional service in return for their political support 
and financial contributions to regional systems 
(§). Unfortunately, these suburban services have 
usually been either lightly patronized (as with bus 
routes) or extremely expensive to run (as with com­
muter rail) and in both cases have entailed large 
operating subsidies per passenger (1). 

Finally, public ownership and government subsidi­
zation have been accompanied by numerous regula­
tions, many of which have accelerated cost in-
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creases. These include the Section 504 regulations 
of the Rehabilitation Act of 1973, which mandate 
full accessibility of transit vehicles and stations 
for elderly and handicapped users; Section 13 (c) of 
the Urban Mass Transportation Act of 1964 and the 
Davis-Bacon Act, which have increased the power of 
transit labor unions; Section 401 of the Surface 
Transportation Assistance Act of 1978 , which re­
quires that transit vehicles and other capital 
equipment be manufactured in the United States; and 
a host of environmental regulations Ci, pp. 31-46, 
80-134). 

Changes in Service Level 

In light of the dramatic changes in the institu­
tional structure of the U.S. transit industry, it is 
somewhat surprising to see how little the overall 
level of transit service changed from 1970 to 1980. 
According to the American Public Transit Association 
(APTA) (1, p. 58), total vehicle miles of operation 
(excluding commuter rail) grew from l.9 billion to 
2 .1 billion, an increase of only 11 percent. There 
was much variation among transit modes, however. 
For example, vehicle miles of trolley coach service 
decreased 61 percent, vehicle miles of streetcar 
service decreased 42 percent, and vehicle miles of 
rail rapid transit service decreased 6 percent (in 
spite of new systems in San Francisco and Oakland, 
Washington, and Atlanta). The overall increase in 
service was due solely to the 19 percent expansion 
of bus operations. Changes in ridership roughly 
paralleled these changes in service levels, Trolley 
coach passengers declined 45 percent, streetcar 
passengers declined 53 percent, and rail rapid tran­
sit passengers declined 10 percent. In contrast, 
bus ridership increased 18 percent (1, p. 55). 

The allocation of transit service within metro­
politan areas also changed. Although statistics on 
this shift are not shown here, various studies 
indicate that an increasing proportion of transit 
service is being provided in relatively low density, 
suburban portions of urban areas (l, pp. 279-284; ~. 
pp. 548-549; ~, p, 23), As transit routes have been 
extended in an attempt to capture the patronage of 
an ever more suburbanized population, service fre­
quencies have been reduced in central-city areas. 
This sh ift in service policy has been partly resp0n­
sible for the decreas i ng load factors and increasing 
trip lengths on transit over the decade of the 1970s. 

Although transit service has been decentralized 
within urban areas, it has become ever more concen­
trated during peak commutation hours. In 50 large 
u.s. cities, for example, the average ratio of peak­
hour to midday buses in service i ncreased from 1.80 
in 1960 to 2.07 in l9BO (_2, p . 49; ..!Q, pp. C2-C27). 
Peaking has been even greater for rail rapid tran­
sit. For the se.ven U.S. systems that rep0rted these 
data, the ratio of peak to midday cars in service 
averaged 2.98 in 1980 (..!Q, pp. 02-05). As the 
degree of peaking has increased, so has the extent 
to which transit vehicles, capital infrastructure, 
and transit workers are underutilized during o.ff­
peak hours. This has exacerbated the decline in the 
industry's productivity and has contributed to the 
escalation of transit costs. 

Changes in Costs and Subsidies 

Of all the changes in U.S. transit, the burgeoning 
of transit costs and subsidies has surely been the 
most dramatic trend. As shown in Table 1 (l, _!!l, 
total operating expenses have skyrocketed for all 
modes of transit. Between 1970 and 1980, total 
costs increased 387 percent for bus and streetcar 
service, 138 percent for rail rapid transit, and 22B 
percent for commuter rail service. Of course, these 
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Table 1. Trends in U.S. transit 
operations and finances, 1970-1980. 

Statistic 

Operating ex-pcnse• ($ millions) 
Operating rcven11e ($ millions) 
Operating dcOail ( $ mllUons) 
Operating revenue/operating expense 
Vehicle miles (millions) 
Cost per vehicle mile ($) 
Revenue passengcrsb (millions) 
Cost per passenger($) 
Avcrnsc fore<($) 
Opcmling subsidy per passenger($) 

Note: N.A. = not available. 
&Excluding depreciation. 
bAJso defined as linked passenger trips. 

Bus and Streetcar 

1970 J 975 1980 

1,303 2,500 5,049 
1,323 1,483 1,957 
-20 l.017 3.092 
l.02 0.59 0.39 
1,476 1,567 1,710 
0.88 l.60 2.95 
4,358 4,245 4,926 
0.30 0.59 1.02 
0.30 0.35 0.40 
0.00 0.24 0.62 
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Rail Rapid Transit Commuter Rail 

1970 1975 1980 1970 1975 1980 

613 1,085 1,458 297 571 973 
384 491 717 188 283 436 
229 593 741 109 288 537 
0.63 0.45 0.49 0.63 0.50 0.45 
407 423 385 N.A. N.A. 164 
1.51 2.57 3.79 N.A. N.A. 5.83 
1,574 1,388 1,420 295 260 285 
0.39 0.78 1.03 1.01 2.20 3.41 
0.24 0.35 0.50 0.64 1.09 1.53 
0.15 0.43 0.52 0.37 1.11 l.88 

CAverage fare was ca lculated as the ratio or passenger revenue divided by revenue passengers, excluding transfer passengers . 

Table 2. Trends in transit 
1970 1975 1980 subsidies by level of government, 

1970-1980. Type of Amount Percent Amount Percent Amount Percent 
Subsidy ($ millions) of Total ($ millions) of Total ($ millions) of Total 

Operating 
Federal 0 0 408 21 1324 30 
State 30 9 549 29 992 23 
Local 288 91 944 50 2062 47 
Total 318 1901 4378 

Capital 
8\b Federal 133 67 1287 80 2787 

State and local" 67 33 322 20 647 19 
Total wci 1609 3434 

Operating and capital 
Federal 133 26 1695 48 4111 53 
State and local 385 74 1815 52 3701 47 
Total 5l8 3510 7812 

Note: Commuter rail as weU as rapid lransit, streetcars, trolley buses, and motor bus.bs are included in these 
• Uli• tics. The ca pital sub1ldy amounts do not incfuda the special Congreulonol appropriaUons for the 
WashJngton subway system. 

6'fhc sla lo i:. nd loct1 I p1)11lon of c11phai.1ubsldy Onnndng was estlmi. ted o n the bnsls of statutory matching rates 
fo r dfrfcrent cgmenls o r the trnnsh Cllpllal prog.ra m. 

hTha 01-"cn, II fo<hiu l mmtch1ng rat e fo, capilal t ub.sidles in 1980 cxcceJciJ 80 pttrcant due to the 85 percent 
m11tching rate on htlentMe tran.srcr fonds. 

figures do not control for changes i n the amount of 
service provided, so they could be misleading. Op­
erating costs per vehicle mile also i ncreased rap­
idly , however: 235 percent for bus and streetcar 
and 151 percent for rail rapid transit. Due to 
declining load factors o n all modes , cost escalation 
is calculated to be slightly greater on a per­
passenger basis: a 240 per cent increase in operat­
i ng cos,t per bus and streetcar passenger, a 164 
percent increase in cost pee rail rapid transit 
passenger , and a 235 percent increase in coat pee 
commuter rail passenger. 

Growth in Operating Deficits 

Perhaps t he most stri king trend i n t hese operating 
and financial stat.istics is the sharply increased 
unpcofitabil ity of bus and streetcar serv i ces cela­
t"ive to rail rapid transit and commuter rail . In 
1970, bus services in the United States were ac­
tually profitable in aggregate, whereas rapid tran­
sit and commuter rail covered less than two-thirds 
of their operating costs from passenger fares. By 
1980, bus ser vices covered only 39 percent of their 
operati ng costs from the facebox, a lower percentage 
than e ither of the other modes. This reversal stems 
both from the rapid i nc r ease in bus costs--as noted 
above--and the much slower increase in bus fares 
relative to faces on other transit modes . Between 
1970 and 1980, average bus fares rose only 33 per­
cent, whereas rapi d transit fares rose 108 percent 
and commuter rai l fa res 139 percent. The resulting 
increase in operating subs idy pee bus rider was 
$0.62 compared with a $0.37 increase in subsidy per 

rapid transit. passenger. The increase in subsidy 
per commuter rail passenger wa s even larger ($1,24), 
which arises from the greater average length of 
commuter rail trips . 

The sudden escalation of operating deficits fcom 
bus service has been attributed to two factors (2 , 
pp. xx_xiii-xxlliv). First , federal operating subsi­
dies per rider have been larger for all-bus systems 
in l o w-density urban a rea s than for mul timoda l sys­
tems in dense urban areas. Because the Section 5 
subsidy allocation for mula is based primarily on 
population and population density instead o f rider­
ship, transit-or ien ted cities with rail systems 
received substant i ally less subsidy t han they wou ld 
have if the formul.a had dist.ributed funds strictly 
in proportion to ridership. Second , most rail rapid 
tra nsit service is located in urban areas whose 
state and local governments ha ve experienced the 
most seve re budget crises . The greater scarcity of 
federal as well as state and local government oper­
ating subsidy funds in cities with rail transit has 
led to larger fa r e increases and service cutbacks . 

Growth of Government Subsidies 

The overall increase in government subsidies to mass 
transit from 1970 to 1980 is depicted in Table 2 
(.!. ,.!.!,1,1) , which al.so disaggregates subsidies by 
level of government a nd by operating versus capital 
purposes . The total operating and capital subsidy 
to transit in the United States multiplied by more 
tha n 15-fold over the decade , fr om $0,5 billion to 
$7.8 billion . The rate of i ncrease wa s greater for 
capital. subsidies than for operating subsidies 

-
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(17-fold versus 14-fold), but operating subsidies 
nevertheless exceeded capital subsidies in 1980, 
accounting for 56 percent of the total subsidy. 

Another notable trend in Table 2 is the increased 
federal role in transit finance. Growing from $0.1 
billion in 1970 to $4.1 billion in 1980, federal 
assistance rose from 26 to 53 percent of the total 
subsidy. Finally, one important trend not shown in 
the table is the increasingly widespread use of 
regionwide taxes earmarked for transit. Virtually 
no major city had adopted this financing mechanism 
by 1970--primar ily due to the much smaller need then 
for transit subsidies. By 1980, however, 15 of the 
26 largest U.S. metropolitan areas relied primarily 
on earmarked transit taxes for the local share of 
subsidy financing (11). Gortmaker, in a paper in 
this Record, states that of 101 cities surveyed by 
the U.S. Conference of Mayors in 1980, 46 percent 
had either state or local taxes dedicated for tran­
sit, and 21 percent had plans for implementing such 
taxes by 1982. 

Impacts of Subsidies 

In many ways, these nationwide trends in the transit 
industry have been disappointing. Some might argue 
that the 11-fold increase in trans it subsidies from 
1970 to 1980 has simply inflated costs instead of 
providing more, better, or chedper service for tran­
sit users. There may be some val idity to this view­
point in light of the mere 11 percent increase in 
vehicle miles of service provided and the even 
smaller, 6 percent increase in ridership. Declining 
productivity and increased unit costs may have been 
partly responsible for the suprisingly small impacts 
of subsidies on output and use levels. Operating 
costs per vehicle mile increased 205 percent for the 
industry as a whole over the decade, and operating 
costs per passenger increased 222 percent (1, pp. 
47, 58). Even controlling for the 112 percent gen­
eral rate of inflation in t .he economy, these in­
creases were substantial; in constant, inflation­
adjusted dollars, costs per vehicle mile and per 
passenger increased 44 percent and 52 percent, 
respectively. At the same time, output per transit 
worker declined 18.4 percent, from 13 600 miles per 
employee in 1970 to only 11 067 miles per employee 
in 1980 (!., pp. 58, 66). This decrease in labor 
productivity was detrimental to transit budgets-­
especially in conj unction with rapid increases in 
salaries and fringe benefits--because labor costs 
typically account for 70-80 percent of total operat­
ing costs (2, p. 544). 

Capital costs in the transit industry have also 
increased rapidly. For example, construction costs 
for the new Washington, D.C., subway system have 
averaged about $90 million/mile, almost the same as 
the $89 mi llion/mile cost of the new Atlanta subway 
(13,!.1.l· In contrast, San Francisco's Bay Area 
Rapid Transit (BART) system, which was built in the 
late 1960s, cost $23 million/mile, roughly a fourth 
as much (~). Similar ly , the capital cost of pur­
chasing a new bus increased more than fivefold be­
tween 1970 and 1981--from less than $30 000 per bus 
to more than $150 000 per bus (~). 

Because costs have increased so much, transit 
subsidies have not produced substantially more 
transit service to the nation. Until recently, 
however, they have been successful in keeping down 
fares. From 1970 to 1980, the average fare for the 
transit industry as a whole rose only 36 percent, 
from $0.28 per linked trip (including transfe r 
charges) to $0.38 per linked trip (!., p. 60), Given 
the 112 percent general rate of inflation in the 
United States over this period, the real transit 
fare (in inflation-adjusted, constant dollars) 
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actually fell by 34 percent. This decline in real 
transit fares--in conjunction with an increase in 
automobile user costs over the same decade--makes 
the small increase in transit ridership all the more 
puzzling, 

Incentives for Cost Escalation 

There is good reason to question whether the very 
design of the transit subsidy program is responsible 
for small ridership gains and rapidly increasing 
costs. Shifting the tra.nsit tax burden to the fed­
eral level of government has sharply reduced the 
proportion of transit costs directly relevant to 
local transit decisionmakers. As a result, when 
weighing the costs and benefits of proposed capital 
projects, for example, local officials have an in­
centive to consider only the small, local share of 
costs and thus may decide to undertake projects 
whose benefits fall far short of total costs yet 
exceed local costs. Similarly, urban areas receiv­
ing relatively generous federal operating assistance 
(50 percent in many cases) have initiated or main­
tained highly unprofitable routes and types of ser­
vices that local officials pr.obably would not have 
been willing to support on their own. 

This impact of federal involvement has been 
compounded by the adoption in numerous areas of 
state and local taxes earmarked for transit. Most 
such taxing arrangements automatically yield a grow­
ing tax revenue stream over time even if statutory 
rates remain constant. This also has reduced the 
need for local transit authorities to eliminate 
highly unprofitable services, to bargain for moder­
ate labor wage settlements, and to increase the 
productivity of their operations. Finally, none of 
the federal or local subsidy programs have made 
funding levels contingent o·n performance standards, 
cost control, ridership gains, or the achievement of 
social, environmental, or economic goals. Only a 
few states have begun to tie subsidy payments to 
performance indicators, but even these have set 
aside only a small fraction of the total state 
subsidy to reward efficient systems. 

Determining the nature and extent of the subsidy 
progtam's impact on transit costs and performance 
during the 1.970s is essential to improving the pro­
gram. Subsequent sections of this paper examine the 
variat i on among cities in the changes in costs, ser­
vice levels, and ridership from 1970 to 1979 and 
seek to identify the cause of the variations and, in 
particular, the degree to which differences in in­
stitutional and financial arrangements can explain 
the variation. 

VARIATIONS AMONG CITIES IN TRANSIT TRENDS 

Although most transit systems have conformed to the 
general directions of the nationwide aggregate 
trends documented above, there have been significant 
diffe-rences among cities in the magnitude of finan­
cial and operating changes over the decade. To ex­
amine variations among cities, this section reports 
changes in key variables for each of 34 individual 
bus systems. The difficulty of obtaining con'sistent 
data for the entire decade accounts for the small 
size of the sample. As a whole, however, the group 
represents a cross section of the industry. The 
sample systems cover virtually the entire spectrum 
of size and type of system, type of urban area, 
geographic location, cost and service level, fare 
policy, and perhaps most importantly, institutional 
structure and subsidy financing arrangement. 

The data used for the analysis were derived from 
four sources: Transit Operating Reports for 1970, 
1975 , and 1979 compiled for each system by APTA, 
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Table 3. Trends in operations and finances of 34 bus systems, 1970.1979. 

Ratio of Operating 
Change in Subsidy to Oper- Change in Change in Change in Change in Change in 

Fleet Operating ating Cost Subsidy per Average Vehicle Total Riders 
Size Cost Passenger8 Farea,b Hours Riders3 per Bus 

Bus System (1979) ($/bus hour) 1970 1979 (cents) (cents) (%) (%) Hour3 

Los Angeles 2604 +21 0.04 0.57 +35 +2 +61 +84 +6 
New York 2500 +19 0.00 0.37 +28 + 17 --JI ·-16 -3 
Chicago 2420 +31 0.00 0.48 +24 -4 -34 +32 +43 
Philadelphia 1552 +15 0.02 0.39 +17 +7 -10 +2 +6 
Minneapolisc 1069 +15 o.oo 0.67 +36 -6 +49 +62 +4 
St. Louis 1058 +20 0.00 0.77 +64 -23 + 12 +47 +8 
Cleveland 1011 +21 0.00 0 .74 +46 -12 --13 +13 +I I 
Baltimorec 969 +14 0.00 0.46 +26 +7 +22 +3 -8 
Atlanta 921 +16 0.00 0.76 +51 -9 +44 +33 -3 
Miami 654 +15 0.00 0.53 +35 +9 +36 +21 --4 
Denver 631 +21 o.oo 0.80 +95 -10 +215 +185 -3 
Portland (OR) 540 +19 0. 18 0.70 +67 +2 +124 +123 0 
Buffalo 538 +14 0.00 0.43 +26 +13 -23 -43 -14 
New Orleansc,d 493 +15 0.22 0.51 +14 +7 -7 -15 -7 
Dallas 456 +J 3 0.00 0.36 +22 +13 +2 -7 -3 
Norfolkc 282 +I 5 0.00 0.56 +43 +10 - I -21 - 8 
Louisvillec 247 +JS o.oo 0,73 +54 --7 +22 --1 -7 
Sacramento 233 +19 0.33 0.77 +77 +3 +87 +73 -2 
Omaha 232 +15 0.00 0.67 +53 --6 +29 +35 +I 
Indianapolis< 232 +13 0.00 0.44 +33 +16 --8 -35 -1 2 
Madisonc 193 +14 0.21 0.59 +29 +2 +148 +202 +7 
Syracuse 169 +12 0.00 0.53 +39 +6 -8 -25 --6 
Tacoma 128 +13 0.37 0.68 +38 +5 +5 0 -I 
Harrisburg 81 +16 0.00 0.61 +36 -13 +555 +873 +13 
Charleston (WV) 79 +JO 0.00 0.60 +47 +3 +39 +] 7 --4 
Albuquerque 66 +11 0.22 0.75 +103 +JI +48 --2 -6 
Savannah 60 +10 0.00 0.40 +21 +] 7 -23 -45 -12 
Little Rock< 54 +12 0.00 0.71 +67 +4 -30 -55 -II 
Wichita< 47 +14 0 27 0 .79 +38 -12 --5 +98 +I 7 
Dayton 45 +15 0.10 0.72 +70 +3 +34 +IO --5 
Greensboroc,d 31 +12 0.24 0.65 +54 +15 -29 -57 -14 
Binghamton 31 +8 0.22 0.45 +12 --3 -5 +43 +13 
Lafayette (IN) 17 +12 0 00 0.81 +106 +5 +32 -37 --15 
Spartanburgc,d 16 +I I 0.09 0.51 +42 +25 -26 -54 -12 

atttdan,;hlp figures ,enecl ctd in these statistics include transfers, free riders, and reduced -fare passengers. 
bAve,a.ge fare was ~:t.ku Jnlcd as total passenger revenue divided by total passengers. 
Cf>rivately managed. 
dPrivately owned. 

Section 15 data for 1979 obtained for each system 
from the Urban Mass Transportation Administration 
(UMTA) (12.), public annual reports available for 
most of the systems, and supplemental, unpublished 
information obtained from all 34 systems . Use of 
this range of sources permitted cross-checking of 
statistical values and facilitated the identifica­
tion and revision of inaccurate figures. 

Table 3 d splays trends in key operating and 
financial statistics for each of the 34 bus systems, 
which are listed in order of bus fleet size . All 
the systems experienced increases in costs and in 
degree of subsidy · from 1970 to 1979, but increases 
in some cities were much larger than in others . For 
example, per-hour costs in Chicago rose three times 
as much as in Charleston or Savannah. Similarly, 
the subsidy ratio increased BO percentage points in 
Denver but only 23 points in Binghamton. Increases 
in per-rider subsidies ranged from $1.06 in La­
fayette to only $0.12 in Binghamton. 

The statistics shown in the last four columns of 
Table 3 display e ven great.er variation among cit­
ies. Not only are t he re differences in the magni­
tude of changes but also in the direction of 
changes. Average fares on some systems increased , 
whereas on others they decreased . Likewise , bus 
hours of service, total ridership, and load factors 
(riders per bus hour) rose in some cities bu t fell 
in others. Thus, the aggregate, nationwide data in 
Table l conceal some important var i ation. On the 
basis of this variation, subsequent sections of this 
paper explore the statistical relationship between 
trends in operating and financial statistics and 
various possible explanatory variables. 

STATISTICAL ANALYSIS OF BUS DATA 

Statistical analysis of the bus data is organized 
into three parts. The first part categorizes the 34 
bus systems on the basis of eight different factors 
and compares the different average values of the 
trend vaciables for bus systems in different cate­
gories . The second part calculates simple correla­
tion coefficients between the trend variables and 
the e xplanatory variables. Finally, regression 
equations are estimated for each of t.he trend var i­
ables a nd different groupings of explanatory vari­
ables are included in each equation. 

Differences i n Variable Averages by 
Category of System 

Table 4 presents calculations of average changes in 
a range of operating and fi nanc ial statistics for 
each of a variety of transit system categoriza­
tions. From a policy perspective, the first four 
ca.tegorizations are probably the most significant. 
Degree of public ownership, public management , tran­
sit tax earmarking , and federal subsidy are a ll 
aspeots in the desigrt of tbe transit:; program that 
can be manipulated. The last four breakdowns--by 
local tax effort , fleet size , population growth, and 
density--may contribute to the explanation of varia­
tions among cities in transit trends, but they are 
mostly external to the transit program itself. 

The impacts of pltblic ownership, public manage ­
ment, a nd tax earmarking are consistent with e xpec­
tations. For example , publicly owned systems have 
had larger increases in cost per bus hour, smaller 
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Table 4. Average trends in bus costs, fares, subsidies, service levels, and ridership by type of system, funding, and city, 1970-1979. 

Change in Change in Change in Change in Change in Change in 
Number Operating Average Subsidy Change in Operating Sub- Route Bus Change in 
of Cost Fare per Rider Operating sidy Funded Miles Hours Riders 

Category Systems ($/bus hour) (cents) (cents) Ratio• Locally(%) (%) (%) (%) 

Ownership 
Public 31 + 15.4 +2 +46 -0.64 -8 +42 +45 +54 
Private 3 +12 .7 +16 +37 -0.37 -54 --17 --21 ·-42 

Management 
Public 23 +15.9 +l +48 -0.63 --8 +44 +52 +62 
Private 11 +13.7 +6 +40 --0.59 -20 +22 +12 +12 

Percent of state and local 
subsidy dedicated ( I 979) 

75% or more 12 +18 .5 -4 +55 --0.72 -7 +67 +SI +52 
15-75% 8 +!4.6 +l +38 -0 ,65 -4 --1 +76 +124 
Less than I 5% 14 +12 .6 +IO +42 -0.5 I -21 +32 +8 -5 

Federal subsidy as percentage of 
total operating subsidy ( 1979) 

45%or more 17 +13 , I +3 +42 --0.63 -25 +26 +38 +49 
25-45% 8 +15.9 +3 +49 -0.54 +] +69 +47 +49 
10-25% 7 +20.3 -3 +49 --0.72 +I +49 +54 +62 
Less than I 0% 2 + I 1.6 +20 +48 -0.41 0 -48 -28 --55 

Local tax effort ( I 97 6)b 
High 12 +15.7 +3 +45 -0.60 --2 +81 +44 +39 
Medium 16 +15.9 +l +38 --0 .58 -16 +14 +12 +21 
Low 6 +12.2 +6 +67 --0 ,75 -21 +8 +103 +124 

Fleet size (1979) 
500 or more 13 +18.4 --1 +42 -0.66 -4 +43 +36 +42 
100 - 500 10 +14,3 +5 +40 -0.57 -21 +70 +27 +21 
Less than I 00 11 +12 .0 +5 +54 -0.61 -14 --19 +54 +72 

Population change ( I 970-1978) 
+50% or more 1 +12.5 +13 +22 -0 .50 -12 +36 +2 -6 
+!0%to+50% 8 +15 .6 +4 +67 -0.66 -I +100 +62 +40 
+2% to+IO% 15 +13 .7 +3 +41 --0 .63 -18 +14 +52 +69 
-2% to +2% 6 +17 .5 --3 +33 --0.56 -20 +12 +II +38 
--2% or less 4 +17.0 +5 +43 --0.60 --2 +33 --3 -9 

Central-city density ( 1978) 
10 000 or more 6 +17.7 +8 +27 -0.52 +5 +4 --1 +2 
5000-10 000 12 +16 .0 --3 +46 --0.74 --16 +58 +75 +102 
5000 or less 16 +13 .5 +5 +52 --0 .56 --16 +33 +27 +19 

3The operating. ratio is calculated as 01Jc1ating revenues (excluding subsidies) divided by operating costs. 
bLoca1 tax crfort in each urban area w:sJ calculated as the ratio of local govern ment own-raised tax revenue divided by total personal income. 

fare increases, larger increases in subsidy per 
rider, bigget declines in operating ratios, more 
service expansion, a·nd greater ridership growth than 
have privately owned systems. Precisely the same 
pattern of differences is found between publicly 
managed systems and privately managed systems. S-im­
ilarly, systems funded primarily by earmarked tran­
sit taxes had larger cost increases, smaller fare 
increa.ses, larger increases in subsidy per rider , 
bigger. declines i n operating ratios, more service 
expansion, and greater ridership growth than have 
systems with little or no funding from dedicated 
state and local taxes. 

The differences in trends for systems receJ.vrng 
different levels o f federal operating assistance are 
puzzling. I n many respects they run directly 
counter to the hypothesis that federal aid encour­
ages cost escalation. Al though the smallest cost 
increase i s i ndeed cal culated for the two systems 
with the least federal aid , the largest average 
increase occurred in systems with only 10-25 percent 
fede ra l funding, Because all seven of the systems 
in this 10-25 percent category were also in t.he 
largest fleet-size category, it seems likely that 
the unexpected result arises from the effects of 
size on costs, rather t han any beneficial impacts of 
federal subsidy on productivity. As s ee n further 
down in t.he table , cost increases have been much 
l arge r for big s ystems than for s mall systems. Sim­
ilar ly, t he performance of the t wo systems receivi ng 
less than 10 percent federal a id may reflect more 
the impact of private ownership and management than 
of federal subsidies, since both are private. In 
s hort, it is difficult to isolate the i ndependent 
effect of federal a id because of its correlations 
with other explanatory varia bles . 

The differences among calculated averages for the 
four control categories may also be of some inter­
est. The strongest relationship appears to be be­
tween fleet size and cost escalation, with the 13 
largest systems having incur red increases of more 
than $6/bus hour larger than those of the 11 small­
est systems. It is not clear, however, to what 
extent this implies diseconomies of scale. The 
larger cost increases in larger systems may arise 
from greater union power and higher costs of living 
in the larger cities; both factors would lead to 
larger wage increases for larger systems. It is 
debatable whether such factors represent genuine 
diseconomies of scale. Of course, managerial inef­
ficiency, coordination problems, and reduced worker 
incent i ves might also account for part of the larger 
cost increases for larger systems, but the limited 
data do not permit isolation of these effects. 

Local tax effort was used as a barometer of 
willingness to spend for local public services. It 
was anticipated that the greater the tax effort, the 
less would be the incentive for cost control and 
fare hikes and the greater would be the increases in 
subsidy, service levels, and ridership. As shown in 
Table 4, this expectation was not strongly con­
firmed, perhaps because tax effort could be differ­
ently interpreted. For example, t.he marginal burden 
of yet more taxes for transit subsidies would prob­
ably be greatest in cities with a high tax effort. 
Thus, one might alternatively expect greater resis­
tance to public expenditures for transit where the 
local tax burden was already high. The results in 
Table 4 do not provide an adequate basis for choos­
ing between the two interpretations. 

Population change was included primarily to help 
explain changes in service levels and ridership. 
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Table 5. Correlations among selected operating and financial statistics for 34 bus systems, 1970-1979. 

Change in 
Change in Percentage of Percentage Percentage 
Operating Change in Change in Change in Operating Sub- Change in Change in Percentage 
Cost per Average Subsidy Operating sidy Funded Route Bus Change in 

Explanatory Variable Bus Hour Fare per Rider Ratio• Locally Miles Hours Riders 

Public ownership ( 1979) +0.18 -0.39b +0. 11 -0.34b +0.40b +0.14 +0.18 +0. 17 
Public management ( 1979) +0.24 -0.18 +0.17 -0.08 +0.17 +0 .09 +0.18 +0.15 
Percentage of state and local +0.57< --0.57< +0.23 -0.35h +0.16 +0.10 +0 .11 +0 .08 

subsidy dedicated (1979) 
Federal subsidy as percentage of -0.42b --0.04 -0.16 -0.04 -0,37h +0 .05 +0 ,02 +0.05 
total operating subsidy ( 1979) 

Local tax effortd (1979) +0.34 -0.01 -0.20 +0 .15 +0.34b +0 .19 -0.06 -0.06 
Fleet size• ( 1979) +0.71< -0.10 -0.29f +0 .06 +0 .12 -0.13 --0 . 12 -0.05 
Population change (1970-1978) -0.15 +0 .20 +0.04 +0 .04 -0.02 +0.14 +0.03 -0.03 
Central-city density (1978) +0.40b +0. 11 -0.34b +0.09 +0.26 -0.14 -0.09 -0.02 

•opor1ting ratio calculated as operating revenues (excluding subsidies) divided by operating costs. 
b5111J1IOcant at o.os level. 
cs,.nmcant at 0 .01 level. 
dt.ocal tax effort calculated as local government own·r&ised revenues divided by total personal income in each urban area . 
eNatural lOJHithm of fleet size used for correlation analysis. 
f$igniflCAn f Af 0.10 level. 

Excluding Dallas, the one city in the growth cat­
egory of 50 percent or more, the results ace gen­
erally in the expected direction (i.e., positively 
correlated) but are not so strong as anticipated. 

The most interesting aspect of the disaggregation 
by cent ral-c ity density is the finding that most of 
the growth in transit service and ridership has oc­
curred in low- and medium-density urban areas. In 
contrast, the six densest cities maintained roughly 
constant levels of service and ridership. Costs per 
bus hour have increased faster in dense areas, but 
this may be partly due to t he correlation between 
density and size. Although one would expect a very 
significant impact of density (via traffic conges­
tion) on speed and thus on cost per bus mile, it is 
not clear ·why density s hould affect costs pe-r bus 
hour. 

Co rrelation Analysis 

Table 5 contains statistical correlation coeffi­
cients for the relationships between the various 
transit trends (column headings) and a range of 
explanatory va riables . Both the trends and the 
explanatory variables are the same as those examined 
in Table 4 except tha t all the variables but public 
ownership and management are measured continuously 
rather than categorically. In general, the pattern 
of results is roughly the same as that in Table 4. 
The directions and magnitudes of relationships, how­
ever, are more readily discerned from the more com­
pact correlation matrix. 

The correlation coefficients clearly indicate 
that public ownership, public management, and ear­
marked transit taxes are all associated with large 
cost increases, small fare increases, large in­
creases in subsidy per rider, large decreases in the 
operating ratio, large increases in the proportion 
of local tax funding, large increases in service, 
and large increases in ridership-all relative to 
privately owned , privately managed systems without 
earmarked taxes. 

The results for the federal subsidy are as per­
plex ing as they were in Table 4 and probably for the 
s ame reasons. Again, h igh federal ratios a re a sso­
ciated with relatively small cost i nc reases as well 
as small increases in subsidy per rider. Somewhat 
more in line with expectations, generous federal aid 
was also associated with relatively small fare 
increases, decreases in the operating ratio, de­
creases in local funding, and increases in service 
and ridership. With the exception of local funding, 
however, these associations are surprisingly weak. 

A few of the relationships with the four control 
variables are also interesting and can be more 
easily seen in Table 5. The very high positive cor­
relation between fleet size and cost increases sup­
ports the inference about scale impacts drawn from 
Table 4. tn spite of large cost increases and small 
fare increases, subsidy per passenger increased the 
least in the largest systems . The explanation for 
this paradoxical result almost certainly lies in 
load factor di fferences among systems of differ ent 
size. Referring back to Table 3, the reader will 
note that over the decade, the number of passengers 
per vehicle hour (a proxy for load factor) decreased 
more for smaller systems than for larger systems. 
Thus, although costs increased faster in larger sys­
tems, these costs continued to be spread out over 
more passengers. Load factors, which are higher in 
denser cities, probably expla in the negative corre­
lation between density and per-rider ~ubsidy as well. 

All the correlations with the service level and 
r idershi p variables are weak. Nevertheless, they 
suggest that service levels and t otal ridership have 
been declining the most (or increasing least) in 
dense cities with large bus systems. In contrast, 
service levels and ridership have been increasing 
the most (or declining the least) i n publicly owned, 
publicly managed systems with ded i cated state and 
local fund ing and generous federal operating assis­
tance. 

Of course, these correlations are only meant to 
be suggestive of the nature a nd extent of the rela­
tionships between var ious trends in the transit in­
dustry and a selection of possible explanatory var i­
ables. They o bviously do not prove hypotheses about 
causes of the trends. Moreover, as noted in various 
instances above, correlat ions among the explanatory 
variables make interpreting the calculated coeff i­
c ients a challenging task. 

Regression Analysis 

In spite of the inevitable limi tations caused by the 
small sample size, regression analysis of the bus 
data yields some interesting results. Nine of the 
many equations that were estimated by ordinary least 
squares are shown in Table 6. (The overall statis­
tics for Table 6 are given in Table 7.) The regres­
sion coefficients and t-statistics for each equation 
are located in the column under its dependent var­
iable. 
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Cost Equations 

Perhaps of greatest interest are the cost equations 
in the first four columns. The first version in­
cludes a dununy variable for public ownership and was 
estimated for all 34 systems, whereas the second 
version excludes the public ownership variable and 
was estimated only for the 31 public systems. Both 
equations find that percentage of state and local 
tax dedication is the single most significant policy 
variable for explaining the differences among cities 
in increases in per-hour operating costs from 1970 
to 1979. Moreover, the estimated coefficient is 
roughly the same in both versions. It indicates, 
for example, that if one system had 10 percent more 
of its state and local funding dedicated for transit 
than another system, its per-hour cost could have 
been expected to increase by about $0.30-0.34/h more 
when other factors affecting costs are controlled 
for. Although not as statistically significant, the 
coefficients of the public ownership and management 
variables also have the expected signs, The first 
version indicates that the independent effect of 
being publicly owned was to increase costs by an 
additional $0.68/bus h; being publicly managed led 
cost,s to increase by an additional $0, 33/h. When 
the three private systems are thrown out of the 
sample, however, the management variable becomes 
more important (causing $0.94 additional increase in 
cost) and more statistically significant. The 
federal subsidy variables, both in continuous and 
categorical form, display the same unexpected sign 
as in the earlier correlation analysis. Perhaps 
even more surprisingly, the coefficients for federal 
subsidy are not far from statistical significance. 
It seems unwarranted to interpret the strange result 
as evidence that federal subsidies encourage effi­
ci"ency, but the expected contrary impact is cer­
tainly not confirmed by the regressions. 

Two other variables are noteworthy. Fleet size 
has a significant positive effect on cost increases 
regardless of type of specification. The coeffi­
cient in the first equation suggests that if one 
system had 100 more buses than another, its per-hour 
costs could have been expected to increase by 
$0.30/h more over the decade than for the smaller 
system. The other variable of interest is percent 
of costs subsidized. Although not statistically 
significant, its coefficient indicates that the 
larger the proportion of a system's costs financed 
by subsidies instead of the farebox, the larger was 
the increase in cost, suggesting that subsidization 
in itself (i.e., regardless of source) may induce 
cost escalation. 

Other Equations 

Space limitations prevent a detailed analysis of the 
other equations. A few notable results, however, 
are highlighted below: 

l, Public ownership is estimated to have en­
couraged smaller fare increases and larger increases 
in subsidy per rider. Public management is esti­
mated to have encouraged larger subsidies per rider 
as well as service expansion, None of these coeffi­
cients, however, is statistically significant. 

2. Tax earmarking evidently had a tendency to 
reduce fares or at least to keep fare increases 
small. It also encouraged larger subsidies per 
rider, 

3. When other variables are controlled for, 
federal subsidies are estimated to be associated 
with smaller increases in subsidy per rider and less 
service expansion--both counterintuitive results. 

4. Urban areas where local tax burdens were al-
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ready high experienced smaller increases in cost, 
bigger fare increases, and smaller increases in sub­
sidy per rider. 

s. The greater local government expenditures 
per capita (a proxy for disposition to public spend­
ing), the greater was service expansion. 

6. Population growth tended to promote greater 
service expansion but, inexplicably, smaller rider­
ship growth (or larger losses). 

7, The denser the central city, the greater was 
the loss (or the smaller was the increase) in ser­
vice. 

8, The greater the transit modal split (as rep­
resented by transit riders per capita), the greater 
the tendency over the decade fo,::- fares to decrease 
(or increase more slowly) , for the operating ratio 
to increase, and for the subsidy per rider to in­
crease. 

9. On average, there was only a 0.25 percent 
increase in hours of service over the decade for 
every 1 percent increase in total operating costs. 

10, Finally, percentage change in number of bus 
hours is by far the most significant variable for 
explaining changes in ridership, and the relation is 
positive, as expected. The relation between fares 
and ridership is negative--also as expected--but 
much less significant. 

Limitations of Analysis 

Although the preceding analysis suggests some inter­
esting statistical relationships among various 
policy variables and trends in transit operations 
and finances, the estimates are Hmited in a number 
of ways. Due partly to the small sample size, few 
of the coefficients are statistically significant. 
A related problem is multicolinearity among some of 
the explanatory variables, Hulticolinear i ty, which 
is especially difficult with small samples, can lead 
to large standard errors in coefficient estimates, 
which thereby are rendered less reliable. A number 
of potential explanatory variables were already dis­
carded to mitigate this problem, but it seems likely 
that at least some multicolinearity still exists in 
the equations listed in Table 6. 

Perhaps the most severe problem is the unavoid­
able simultaneity of many of the relationships. For 
example, one hypothesis that was being tested was 
whether institutional and policy variables could 
explain differences among cities in transit cost 
increases over the decade. It was anticipated that 
public ownership, public management, and degree of 
subsidy would have exacerbated cost increases. 
Alternatively, however, it could be argued that the 
direction of causation was just the reverse: that 
systems experiencing the largest cost increases were 
the most likely to need and get the largest subsidy 
increases and to be taken over by public agencies. 
Similarly, in other estimated equations, there are 
explanatory variables that are determinants of the 
dependent variable as well as functions of the de­
pendent variable. Such relations can lead to simul­
taneous equations bias of the coefficients. Unfor­
tunately, the small sample size and various other 
practical considerations precluded use of more re­
fined statistical methods such as two-stage or 
three-stage least squares (instead of ordinary least 
squares) in order to alleviate this problem. 

SUMMARY AND POLICY IMPLICATIONS 

The transit industry in the United States experi­
enced three significant changes during the decade of 
the 1970s: 

1. Public ownership, public management, regional 



-.. 

56 Transportation Research Record 858 

Table 6. Selected regressions for trends in bus operations and finances, 1970-1979. 

Dependent Variable 

Operating Cost per Bus Hour 

Version I Version 2 Avg Fare 
0 perating Ratio 

Change Change Change 
Explanatory Variable ($} !-Value ($} !-Value (cents) !-Value Change !-Value 

Public ownership ( 1979)• +0.677 0.29 -8.41 1.05 
Public mnnAgCmMt ( 1979)• +0.333 0.27 +0.941 0 .76 +0.219 0.05 +0.001 0.02 
l'ercentagc of stntc. and loco I suhsidy dtdlca tcd (1979 +0.034b 2.32 +Q.Q3QC l.97 -0. I Q2h 2 .08 --0 ,001 0.93 
Federal percentage of totn l operating subsidy ( 1979) -0.048 1.3 l -0.072 0.5! 
Whether federal operating subsidy nl least 45 percc,n of total ( 1979)• -l.88 1.34 --0.104 1.21 
State pcrccntngc of 10 101 opera Jin& subsidy 197 ) -0 .007 0.07 
Local I/Ix effort ( l 976)d --0.068 0.27 t0.811 1.06 +0.030 1.59 
Local govcmmcn l expendJtu.res per llll )'.lita (S) ( 1976) 
Fleet size ( 1979) +0.003• 2.79 
Log of fleet size ( 1979) +l.32b 2.46 -0.072 1.37 
Percentage change in population (1970-78) 
Central-city density ( J 978) ( OOOs) -0.024 0.13 
tncreasc in perce nt of costs subsidized (1970-79) +0.033 0.85 
Transit rides per cap tll ( 1979) --0 .012 0 .12 +Q.Q06C 1.97 
lnoren,;e in cost per bu~ hour($) (1970-"19) -0 .635 0.98 -0.020 1.36 
Percen tage increase In torn I cost~ ( ) ( 1970· 79) 
l'ercc11lag~ change ln bus hours ( 1970-79) 
'hunge in average sJ>ee d (mph) (1970-79) 

Change Jn average fare (ccnls) ( l 970-79) 
Intercept +13.82• 4.88 +5.98 1.43 +21.09 1.46 -0.23 9 0 ,85 

aThe indicated explanatory variables were specified as 0-1 dummy variables . 
bSJQnifiC:Rnt 81 0,05 fo-vti l. 
CSJgnmcn.n1 n1 0~10 lavcl. 
dFor rtg.tesslon :maly.sll. tax effort was defined to be local government own-raised revenues as percentage of total personal income in each urban area. 
esignificant at 0.01 level. 

Table 7. Overall statistics for regression equations in Table 6. 

Change in Operating Change in 
Cost per Bus Hour($) Avg Change in 

Fare Operat ing 
Statistic Version I Version 2 (cents) Rati o 

Mean +15.17 +] 5.40 +2 .84 -0.617 
Standard deviation 2.84 2.97 9. 18 0.212 
F-statistic 7.02 8 .06 2.37 1.69 
Probability value 0.0001 0,0001 0.473 0 . 1560 
R2 0.65 0 ,62 0.43 0. 31 
No. of observations 34 31 34 34 

consolidation, and public regulation increased. 
2. Transit was increasingly dominated by bus 

service, with decreases in vehicle hours of service 
as well as in ridership for other modes of transit. 
Within metropolitan areas, service and ridership 
followed the shift of population from the central 
city to the suburbs . 

3. Both capital and operating costs of transit 
skyrocketed, compelling a corresponding burgeoning 
of government subsidies to finance these increased 
costs. 

Perhaps of greatest interest in this story of 
change is the impact of public policy. I•rom 1950 to 
1970 , transit was generally expected to finance 
operating costs through fares, a nd gove,: nme n t sub­
sidies (both operating and capital) were minimal (2, 
pp. 31-47; 11; ;!1,). Partly as a consequence of this 
policy, vehicle miles of transit service in the 
United States fell 37 percent dui:in9 these two 
decades, and ridership fell 57 percent (1, pp. 55, 
58), In contrast, government subsidies to transit 
increased 15-fold during the 1970s ana reached $7. 8 
billion by 1980. Although this infusion of funds 
into an ailing industry has indeed reversed the 
declines of the previous two decades, the resulting 
service expansion and ridership growth nevertheless 
have been small (11 and 6 percent increases, respec­
tively). 

Change in Subsidy Change in Change in 
per Rider (cents) Route Bus Change in 

Miles Hours Riders 
Versjon Version 2 (%) (%) (%) 

+45 ,5 +46.3 +36.8 +39. l +45 ,5 
20.4 19. l 125 .I 17 .0 44.8 

2.88 4.94 0.58 178 . l 96.5 
0 .0230 0,0028 0.7638 0.0001 0 .0001 
0.44 a.so 0. 14 0 .98 0.93 

34 31 34 34 34 

Some might argue that the very design of the 
subsidy program has been responsible fo.r the disap­
pointing yield of large transit subsidies. Although 
the preceding statistical analysis of bus data was 
not entirely conclusive , it did suggest that public 
ownership , public management, and tax earmarking 
tended to have an inflationary impact on costs dur­
ing the 1970s, Moreover, one formulation indicated 
that the higher the percentage of costs financed by 
subsidies, the greater was the increase in costs, 
implying that subsidization in itself may encourage 
productivity declines and cost escalation. 

These results suggest the need for more careful 
monitoring of transit operations and for explicitly 
relating levels of subsidy to output. Because most 
transit subsidy programs in the United States simply 
cover costs, whatever they happen to be, without 
regard to any index of goal achievement, there is 
not much incentive for a transit system to use sub­
sidies efficiently. The current program fails to 
distribute funds among cities in a manner that re­
wards efficient systems and penalizes inefficient 
ones. Instead, distribution formulas (especially at 
the federal level) arise from political bargains and 
have little relationship either to the transporta­
tion needs of each urban area or to the performance 
of individual transit systems. Clearly, in the 
current era of fiscal austerity at all government 
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Subsidy per Rider 

Version I 

Change 
(cents) 

+4.80 
+7.93 
+0.098 
-0.298 

-2.52 

-0.694• 
1.65 

+65.9b 

Version 2 Route Miles Bus Hours 

Change Change Change 
t-Value (cents) t-Value (%) !-Value (%) !-Value 

0.29 
0.89 +2.71 0.34 +3.21 0.06 +2.61 0.37 
0.91 +0.138 1.37 +0.040 0.07 ---0.023 0 .29 
1.09 

-21.7b 2.40 -15.7 0.33 -2.36 0 .37 

1.49 
+0.182 1.17 +0.014 0.65 

+0.511 0.40 +0.007 0.04 
--7.35 1.10 -0,540 0.59 

3.10 -1.26• 4.55 
1.15 +1.82 1.37 

+0.056 0 .99 +0 .262• 34.3 

2.48 +59 .0• 3.06 -33.5 0 .33 --45 .3• 3.23 

levels , it is essential that limited public funds be 
spent as effectively as possible. There is no good 
r eason for making transit the exception , Transit 
systems receiving public subsidies s hould be held 
accountable for achievi ng the objectives that are 
the basis for justifying such subsidies. 
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