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policies by using a MIS strategy, e.g., micro, mini, 
and main-frame computers and alternative programming 
languages; 

4. Evaluation of the suitability of implementa­
tion strategies for alternative fare policies under 
various constraints, e.g., fleet size, labor rates, 
and decentralized or centralized dispatching; 

5. Evaluation of the effects of alternative fare 
policies on consumer behavior, e.g., ridership, trip 
lengths, and travel patterns; and 

6. Evaluation of the feasibility of alternative 
fare policies from a public policy standpoint, e.g., 
rider acceptability, acceptability to policymakers, 
acceptability to funding agencies, overall effect on 
subsidy requirements, and efficient use of available 
subsidy funds. 

The research of such topics could be extended 
through consideration of such concepts as demand 
elasticity, utility maximization, social benefit, 
market segmentation, service coordination, and fund­
ing coordination. 

It should be noted that the existence of the com­
puter-based MIS now serving CCRTA's b-bus program 
presents a tremendous opportunity for the research 
efforts recommended above. Grant funds would not be 
required for purchase of hardware and could be spent 
entirely on the research recommended. 
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Income Equity of Two Transit Funding Sources 
STEVEN M. ROCK 

Currently, a number of funding sources are used to subsidize publfo transit. 
These originate at all levels of government, and their mix differs greatly among 
regions. Each source or combination has implications for equity that are often 
overlooked since each has a unique incidence, i.e., pattern of who pays by in­
come group. The purpose of this paper is to examine the incidence of two 
commonly used sources: a sales tax and a motor fuel tax. Previous studies of 
the incidence of these taxes are not comparable; what is necessary is a single 
source of data on which to examine them. Suitable data to calculate incidence 
are available from the 1972-1973 Consumer Expenditure Survey of the Bureau 
of Labor Statistics, a comprehensive source of information on consumption ex­
penditures by detailed items and income for 40 000 U.S. families . These data 
allow the relative percentage of income paid as sales or motor fuel tax to be 
calculated. The results indicate that both sources are regressive. Use of the S· 
index of progressivity for comparison suggests little short-run difference in in· 
come equity between the two (although exactly what items are subject to the 
sales tax can affect the results I. The study points out that the equity impact 
of potential funding sources should be understood, available, and part of the 
decision-making process. 

Transit systems throughout the United States have 
become increasingly dependent on subsidies from 
various levels of government. Each system tends to 
have a unique set of funding sources that is usually 
determined by law and politics in a particular 
geographic area. As new and expanded sources of 
transit funding are sought, the equity issue of who 
is paying from each source (the incidence) is often 
overlooked. 

In addition, great concern is placed by federal 
agencies to ensure that their funded activities 
comply with Title VI of the Civil Rights Act of 
1964. As an example of this concern, the Urban Mass 
Transportation Administration (UMTA) issued Circular 
1160.1 (December 1977). A number of the objectives 

of this circular relate to this issue of equity of 
federally funded activities. Although most of the 
emphasis of Title VI has been on the distribution of 
benefits, a less obvious but related potential 
inequity involves the distribution of burdens. That 
is, Who pays for transit and what are the equity 
implications of different funding sources? A 
complete examination of equity would thus involve 
analysis of both who pays and who benefits. This 
paper attempts to shed light on a portion of the 
former aspect of this issue, recognizing that it is 
only a piece of the total equity problem. 

Recent legislastion has changed the funding 
mechanism used to provide subsidies for public 
transit in the Chicago area. The essence of the 
change was that a 5 percent tax on motor fuel was 
eliminated; a general sales tax increase was 
substituted (1 percent in Cook County, 0. 25 percent 
in the adjacent five counties). The main purpose of 
this change was apparently to generate more funds. 
In addition, an issue of geographic equity (the 
relationship between the funds raised and the funds 
expended in an area) was addressed. However, very 
little analysis has been undertaken to determine the 
income equity (who pays versus who benefits by 
income groups) of the funding switch. 

The purpose of this paper is to explore the 
equity of two common sources of transit subsidies 
suggested by the Chicago Area Regional Transit 
Authority's funding switch from a sales tax to a 
motor fuel tax. A recent survey by the American 
Public Transit Association (APTA) (_!) listed 24 
regions that use a sales tax and 5 areas that obtain 
transit funds through a gasoline tax. It will be 
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assumed that the revenue raised under each source 
would be structured to be similar. Since the basic 
groups that benefit from the subsidy funds remain 
the same, only the groups that pay for the subsidies 
will be examined. In economic terms, one wishes to 
compare the differential tax incidence of one source 
(e.g., motor fuel tax) with the incidence of the 
other source (general sales tax). Incidence refers 
to who (ultimately) bears the burden of the taxes, 
i.e., who pays. 

Obviously, different sources will have different 
incidence. The initial distribution of liabilities 
(statutory incidence) can differ significantly from 
the final distribution (economic incidence). This 
will be true to the extent that a chain of adjust­
ments by consumers or firms ensues. For simplicity 
as well as data limitations, it will be assumed that 
the sales and motor fuel taxes fall totally on the 
consumer. In fact, consumers may make some adjust­
ments, such as the amount or location of gasoline or 
taxable goods purchased. However, previous studies 
of incidence have allocated sales and excise taxes 
to those who purchase the taxable products. Since 
these taxes are assumed to fall completely on con­
sumers, incidence can be determined by noting the 
amount of each tax paid by consumers in each income 
level. It is noted that the incidence of multiple 
funding sources can be determined by combining and 
weighting the data from the individual sources 
used. Detailed discussion of theoretical issues in 
tax incidence can be found in most texts on public 
finance, e.g., Musgrave and Musgrave Ill· 

PREVIOUS STUDIES OF SALES ANO FUEL TAX INCIDENCE 

A number of previous studies have examined the 
incidence of the sales tax under different bases 
(i.e., items that are subject to tax). Although 
most of the studies took place in the 1960s, their 
conclusions were similar: The sales tax is 
regressive; that is, the tax paid by a lower-income 
family represents a larger percentage of income than 
that paid by a higher-income family. For example, 
Musgrave and Musgrave Ill used 1968 data to estimate 
that families in the lowest annual income bracket 
(under $4000) paid 3.4 percent of their income for 
general sales taxes; as incomes rose, this percentge 
fell continuously (to 0.3 percent in the $92 000 and 
over bracket) • A second study by Pechman and Okner 
(3) reached the same conclusion. By using 1966 
d;ta, they found that families in the lowest annual 
income bracket (under $3000) paid 9.4 percent of 
their income for general and specific sales and 
excise taxes. Families in the highest income 
br acket ($1 000 000 and over) paid 1.0 percent for 
these taxes. Similarly, a study by the Advisory 
Commission on Intergovernmental Relations (_!) used 
allowances by the Internal Revenue Service for sales 
tax deductions to obtain like results. 

A handful of studies have looked at the incidence 
of a motor fuel tax. Most lump this tax together 
with other goods that are selectively taxed, such as 
cigarettes, alcohol, and public utilities [e.g., 
Musgrave and Musgrave Clll, or combine all sales and 
excise taxes together [e.g., Pechman and Okner 
(3)]. Probably the most comprehensive analysis of 
g;soline tax incidence was reported by Freeman (2_) • 
Freeman used 1972 household data provided by the 
Brookings Ins ti tu ti on and an assumed tax of $0. 20 / 
gal (although the results would be representative of 
any tax that would be proportional to usage) and 
obtained a pattern that is slightly progressive ex­
cept at either end of the income distribution [ (~, 
p. 189) 1 relative incidence compares the implicit 
tax rate of all income brackets with that of the 
highest income bracket]: 
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1972 1972 
Income Relative Income Relative 
illQQl.. Incidence illQQl. Incidence 
<2 4.16 10-15 3.45 
2-4 2. 71 15-20 3.52 
4-6 2.68 20-26 3.42 
6-8 3.00 26-50 2.94 
8-10 3.23 <50 1.00 

Zupnick (6) used a four-step process to examine 
the 1971 incidence of a tax-induced $0 .10/ gal price 
rise. Starting with average fuel use by automobile 
model year, he combined data on average miles driven 
by income group with ownership of each automobile 
model year by income class. The results indicate 
progression in the lower-middle brackets but regres­
s ion in the income brackets above this (_§., p. 412): 

1971 1971 
Income Relative Income Relative 
($000) Incidence J1QQQl_ Incidence 
<3 1.53 6-7.5 1.85 
3-4 1.33 7.5-10 1. 54 
4-5 1.56 10-15 1.26 
5-6 1. 76 >15 1.00 

Finally, the Institute of Public Administration 
(l l examined incidence in a much less detailed man­
ner by using data from the Motor Vehicle 
Manufacturers Association. For five income-bracket 
quintiles, the incidence of gasoline expenditures 
(and therefore taxes that would be proportional to 
expenditures) was found to be extremely regressive. 

Other potential sources of data on gasoline 
expenditures are deficient or duplicative in some 
manner. For example, the u. s. Department of Energy 
(J!,.2_) offers data on the distribution of gasoline 
consumption for households that own vehicles or that 
use gasoline (but not for all households). Their 
model employs a synthetic data base 1 the distr ibu­
tion of gasoline expendi tures implied is quite simi ­
lar to that reported in the Consumer Expenditure 
Survey used below. The old Federal Energy Admini­
stration had a Household Energy Expenditure Model 1 

however, the basic data input source was the 1970 
census, and mean income in each income bracket was 
not reported (10). The Survey Research Center of 
the University of Michigan has also analyzed house­
hold behavior for a number of years. However, in­
cidence of gasoline expenditures was calculated by 
assuming the same miles per gallon for all vehicles, 
which clearly would bias the results (11). 

The problem with previous studies is that it is 
very difficult to compare the incidence results of 
one tax source with the results of any other 
source. Each study used a different set of data, 
different time periods, different definitions of 
income, etc. In order to effectively compare the 
incidence of two or more taxes, a single set of data 
is necessary. 

INCIDENCE OF SALES VERSUS MOTOR FUEL TAX 

In order · to draw an income profile of who pays the 
motor fuel tax and compare it with the impact of a 
sales tax, a suitable single source of data must be 
obtained. One source that will allow this to be 
undertaken is the 1972-1973 Cons umer Expenditure 
Survey of the Bureau of Labor Statistics (BLS) • 
This survey describes itself as the only 
comprehensive source of detailed information on 
expenditures and income related to socioeconomic and 
demographic characteristics of U.S. families. For a 
sample of 40 000 families, consumption expenditures 
by detailed items (i.e., the average dollar amount 
spent by a family on good or service X) were 
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compiled and classified by income bracket. The BLS 
data sources are the interview survey (20 000 
families) (12) and the diary survey (20 000 families 
(13). The former provided the primary data for this 
study; the latter supplemented and expanded the 
available categorization. Although the BLS data and 
the empirical analysis below used a national focus, 
it would be straightforward to adapt the technique 
to a study of incidence in a particular region. The 
BLS has recently released data that are drawn from 
and reported by particular standard metropolitan 
statistical areas (SMSAs). 

To determine incidence of the sales tax, it would 
be necessary to total the consumption expenditures 
on items that are subject to a general sales tax (by 
income group). For the motor fuel tax, the amount 
spent on motor fuel needs to be noted. Since 
different regions subject different items to a sales 
tax, two cases were tested. In variant 1, each 
consumer expenditure item was considered as to 
whether it was subject to the Illinois Retailers' 
Occuption Tax (general sales tax). Illinois (and 7 
other states) tax both food purchased for home 
consumption and prescription drugs. A second 
variant was compiled for an area where food consumed 
at home and medicine and drugs were not subject to a 
sales tax, as is the case in 23 states. 

The sample population was ranked by income 
deciles, from the families with the lowest 10 
percent of income (decile 1) to those with the 
highest 10 percent (decile 10). The total dollar 
amount of spending on taxable i terns was estimated 
for each decile. Since the sales tax is included in 
this spending and represents a flat percentage of 
the total, it was not necessary to separate the tax 
out. That is, it is sufficient to look at spending 
on taxable items as a percentage of income by 
deciles to determine the incidence of the sales 
tax. This information is displayed in Table 1. The 
average consumption expense (expenditures) by income 
deciles is broken into consumption exempt from sales 
tax and spending subject to (and including) sales 
tax. The relative incidence compares taxable 
expenditures as a percentage of income for each 
decile with that of the highest decile. Since the 
sales tax would be a flat percentage included in 
taxable expenditures, the relative incidence for 
both total taxable expenditures and sales tax 
payments as percentages of income will be the same. 
The results confirm the conclusion that the general 
sales tax is regressive. That is, those in the 
lowest income decile pay 2.5-3 times as much of 
their income in sales tax as do those in the highest 
income decile. 

To derive the incidence of the motor fuel tax is 
a somewhat simpler task. The BLS data report on 
dollar expenditures for gasoline (including tax) by 
income group. Since this tax would be proportional 
to use, it also does not have to be separated out in 
order to examine incidence. Table 2 displays this 
information: average consumer expenditures on 
gasoline and fuels for vehicle operations by income 
decile, this expenditure as a percentage of income, 
and the relative incidence. It reveals a regressive 
tax; consumers in the lowest income decile pay 3.5 
times as much of their income in gasoline tax as 
those in the highest decile do. 

There appears to be some discrepancy between the 
previous studies of motor fuel tax incidence (text 
tables above) and the results presented in Table 2. 
This may be due in part to the choice of income 
brackets used in the previous studies, which do not 
match closely either the incorrie of the population 
deciles of Table 2 or the definition of income. In 
addition, some of the previous studies' assumptions 
(e.g., fuel economy being the same for a model year 
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for all cars) could lead to biased results. 
A number of caveats exist in the empirical anal­

ysis above. First, since each regional sales tax 
includes or excludes a unique set of goods and ser­
vices, sales tax incidence can differ somewhat be­
tween regions. Next, it is not possible to be com­
pletely accurate in excluding those expenditures 
that are not subject to a general sales tax (or in 
including those that are) since some expenditure 
categories listed by the BLS include both taxable 
items (e.g., parts) and nontaxable items (e.g., 
labor). However, these ambiguous categories are 
relatively small compared with those that are un­
ambiguous (e.g., housing expenses), and the bias is 
apt to be minimal. Third, the data were collected 
in 1972-1973. To the extent that consumer expendi­
ture patterns have changed, the incidence could 
change, e.g., How have different income groups 
responded to the large price increase in gasoline? 
The use of a single year's income can be criticized 
as unrepresentative of a longer-run view of income. 
Unfortunately, no data are readily available to cor­
rect this. Finally, it is assumed that all gasoline 
purchases are made by households or, alternatively, 
that the tax is levied only on consumer purchases of 
gasoline. In fact, approximately 68 percent of 
motor fuel was consumed by automobiles in 1976; most 
of the remainder was used by trucks. 

It is also assumed that, in response to any 
change in tax levels, households continue to buy 
gasoline and consumption goods subject to the sales 
tax in the same proportion and geographic area that 
they did before. Any other assumptions would vastly 
complicate empirical calculations. In effect, these 
assumptions look at short-run incidence, assuming 
that the price elasticity of demand (sensitivity of 
quantity demand to price changes) is zero. The 
price elasticity of gasoline is fairly low (-0.2 to 
-0.4). A couple of tax studies have attempted to 
ascertain the impact of competition from firms in 
areas not subject to a particular tax in proximity 
to firms in areas that are subject to a tax. This 
could alter the burden of the tax by affecting how 
much of the tax gets shifted to the consumer. 
Unfortunately, these studies did not attempt to de­
termine who bears the unshifted portion of the bur­
den. They did suggest that proximity to a political 
border where no (additional) tax is levied does re­
duce the ability to shift the burden to the consumer. 

DISCUSSION OF RESULTS 

When the relative incidences of both taxes are 
compared, the following conclusions become 
apparent. First, both sources are regressive. The 
motor fuel tax is roughly as regressive as variant 1 
of the sales tax; variant 2 is somewhat less 
regressive. A glance at the lower-middle income 
deciles of variant 1 and the fuel taA (second 
through fifth decile) shows that the relative 
incidence of the latter is close to proportional1 
the.former is more regressive in this range. 

A second way of comparing the incidence of 
different funding sources is to use the S-index 
developed by Suits (14). The s-index is a quick, 
convenient, one-number way of comparing incidence. 
There is no other generally accepted index of 
progressivity. This index, similar to the Gini 
ratio of income distribution equality/inequality 
[cited in Mendershausen (15)], ranges from +l 
(extreme progressivity) to -1 (extreme regres­
sivity). A proportional source would have an S-in­
dex of zero. Use of this index requires that fami­
lies be ranked by income percentiles, from lowest to 
highest, and have their contribution to each source 
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Table 1. Expenditures and sales tax incidence. 

Income Decile 

Item 2 3 4 s 6 7 8 9 10 

Variant I 

Expenditures($) 3037 4026 5161 6299 7417 8348 9472 JO 578 12 168 16 015 
Tax exempt 1630 2054 2560 3037 3491 3846 4333 4704 5503 7339 
Taxable 1407 1972 2601 3262 3926 4502 5139 5874 6665 8676 

Average income($) 1559 3268 5081 7063 9112 11 244 13 466 16 116 19 747 31 974 
Taxable expenditures 

divided by income (%) 90.3 60.3 51.2 46.2 43 .1 40.0 38.2 36.4 33.8 27.1 
Relative incidence 3.33 2.23 1.89 1.70 1.59 1.48 1.41 1.34 1.25 I.DO 

Variant 2 

Expenditures($) 3037 4026 5161 6299 7417 8348 9472 10 578 12 168 16 015 
Tax exempt 22 14 2871 3537 4098 4680 5131 5749 6221 7139 9168 
Taxable 823 I 155 1624 2201 2737 3217 3723 4357 5029 6847 

Average income($) 1559 3268 5081 7063 91 12 11 244 13 466 16 116 19 747 31 974 
Taxable expenditures 

divided by income(%) 52.8 35.3 32.0 31.2 30.0 28.6 27.G 27.0 25.5 21.4 
Relative incidence 2.47 1.65 1.50 1.46 1.40 1.34 1.29 1.26 1.19 1.00 

Note: Consumption and income figures are from the 1972-1973 Consumer Expenditure Su rvey(!!~ !3)· 

Table 2. Motor fuel expenditures and income. 

Income Decile 

Item 2 3 4 s 6 9 10 

Expenditures for gasoline($) 98 132 208 270 336 394 449 480 525 561 
Gasoline expenditure divided 

by income(%) 6.3 4.0 4.1 3.8 3.7 3.5 3.5 3.0 2.7 1.8 
Relative incidence 3.50 2.22 2.28 2.11 2.05 1.94 1.83 1.67 1.50 I.DO 

Note: Source of gasoline expenditure figures is the 1972-1973 Consumer Expenditure Survey(!.!,!.!_). 

noted. The S-index for any tax can be estimated 
(for 10 income deciles) as 

S "' I - (1/5000) 1 1~1 (1 /2) [T.(Y;) + Tx(Y1-1)] (Y1 -Y1_i)I (I ) 

where 

x = given funding source x, 
Yi income decile i, and 

T = cumulative percentage of funding source paid 
by cumulative percentage of total income 
represented by income decile i. 

Computation of the s-index for the two variants 
of the sales tax and the motor fuel tax reveals that 
all three are regressive. Surprisingly, the motor 
vehicle tax registers slightly greater regressivi ty 
(S = -0.16) than either variant 1 (S = -0.13) or 
variant 2 (S = -0.09) of the sales tax. However, 
due to the caveats mentioned above, the differences 
among S-indices are probably not significant. 
Previous studies that used 1966 and 1970 data have 
computed S-indices for sales taxes of -0.15 to 
-0.16. To give an idea of the S-index range for 
typical taxes, the variation is from about -0.40 to 
+0.40. 

CONCLUSIONS 

The results suggest little short-run impact on the 
distribution of income from changing funding sources 
between sales and motor fuel taxes. In addition, 
the magnitude of these taxes collected from transit 
is not particularly large. For example, a 1 percent 
sales tax would cost a first-decile family around 
$9-15/year or a tenth-decile family $74-93/year 

(Table 1). A levy of 5 percent on motor fuel usage 
would cost a family $5-28 in tax. In addition, the 
data suggest that to exempt food purchased for home 
consumption and drugs and medicine (variant 2) would 
be less regressive than one that taxes these items. 

A change from a sales to fuel tax (or vice versa) 
affects not only income groups but also the sectors 
of societ}· that pay the subsidy. If a motor fuel 
tax is imposed, redistribution stays within the 
transportation sector; automobile users pay and 
transit users receive primary benefits (others may 
benefit as well). If a general sales tax is used, 
however, the redistribution involves other sectors: 
from all consumers to transit users. 

Governments have a wide menu of sources available 
to obtain funds. Although issues such as the 
revenue-raising potential of each source or how much 
would be raised in each geographical area by source 
are important, the income incidence of different 
taxes should not be overlooked. 
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Economic Analysis of Transportation Pricing, 'fax and 

Investment Policies 
DALE 0. STAHL II 

In response to the ad hoc nature of current transportation user charges and 
cost allocations, a rigorous analytical framework is presented based on eco­
nomic welfare theory. A multi modal transportation system model that has ex­
plicit price and tax, investment maintenance, service quality, and externality 
variables is formulated; the optimal decision rules of equating marginal social 
benefits and marginal social costs are derived and given operational interpreta­
tions. Optimal and administratively feasible aggregate prices by user class and 
mode are derived in terms of aggregate marginal social costs that are not im­
practical to estimate. An optimal cost allocation is defined as marginal social­
cost pricing followed by general taxation of consumer goods (excluding trans­
portation) to cover any deficit. 

Considerable confusion exists about economic princi­
ples as they are applied to transportation policy 
analysis. Although a correct operational definition 
of marginal cost is hard to find in the literature, 
it is widely assumed that the marginal-cost pricing 
principle is not relevant to transportation facili­
ties for a number of alleged reasons, e.g., there is 
no feasible way to (a) cover full costs or (b) 
implement ideal mai:ginal cost pricing. The princi­
ples that find their way to practitioners suggest ad 
hoc rules of thumb rather than deduced results from 
a unified theory. 

The purpose of this paper is to present an inte­
grated economic transportation model that will clear 
up some of the confusion and serve as a basis for 
policy analysis. The model is set in the framework 
of welfare economics, and the results can be inter­
preted as the well-known principle of equating 

marginal social benefits with marginal social 
costs. Moreover, these concepts and principles are 
brought in touch with reality by the detailed struc­
ture of the model. All relevant investment and 
maintenance variables of a multimodal transportation 
system are incorporated in the model; service qual­
ity attributes and externalities are made explicit. 

The results reported here are a summary of sev­
eral aspects of an extensive working paper <!>· 
Optimal decision rules for investments, maintenance 
programs, and prices are derived and interpreted. 
"Second-best" issues are discussed. An original 
contribution is the derivation of optimal and ad­
ministratively feasible aggregate prices by user 
class and mode. Finally, an optimal cost allocation 
is defined as marginal-social-cost pricing followed 
by optimal taxation of consumer goods (which ex­
cludes transportation) to cover any deficit. 

INTEGRATED MODEL 

The task of this section is to model the trans­
portation system and its effects in a manner that 
facilitates the application of economic welfare 
theory to transportation policy issues. The level 
of detail is sufficient for addressing the issues of 
investment and maintenance policy, service quality 
and externalities, pricing and cost allocation, and 
intermodal effects. 

The welfare optimization prob~em can be stated in 
operations research terms as maximizing a social 

-


