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Abstract

A generalized measure of the excess burden of a tax system is proposed which integrates the
distribution of taxes, along with standard efficiency and compliance costs, as a source of excess
burden. In the absence of compliance and efficiency costs, the generalized excess burden
measures the excess burden of regressive taxation, and provides a useful index for ranking the
regressivity of different tax systems. Data from standard tax incidence studies are used to
calculate and illustrate the generalized excess burden. Also, illustrative calculations of the
generalized excess burden where taxes distort the choice between goods and leisure demonstrate
the usefulness of the proposed measure.
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1. Introduction

The concept of excess burden is perhaps the economist’s most important contribution to the
evaluation of tax policy. The term itself refers to the fact that a tax system can burden an
economy in excess of the amount of revenue collected. Moreover, this excess burden is
especially injurious because it is a deadweight loss—that is, it is a burden that provides no
compensating benefit in the form of revenue for government programs. In most of the literature,
excess burden is caused by compliance cost and efficiency cost. For example, the Government
Accountability Office Report “Summary of Estimates of the Costs of the Federal Tax System”
(2005, P. 6) identifies the total cost of the Federal tax system as equal to the tax liability (also
known as the primary or revenue burden) plus the compliance burden plus efficiency cost. The

economics literature is replete with estimates of these two components of the excess burden.!

The tax policy implications of excess burden are straightforward. A tax system which
collects the same revenue as another, but with a lower excess burden, is better. The excess
burden represents a tax burden which is, at least partially, both unnecessary and avoidable. As
such, the excess burden is a scalar measure of the demerits of a tax system. Economists go
further by defining the optimal tax system as one that imposes the lowest possible excess burden
while collecting a prescribed amount of revenue. Although the criteria that define an optimal tax
system, such Ramsey’s rule, are interesting, the measurement of excess burden is useful for

evaluating incremental tax policy changes, which are perhaps more politically feasible.

! See the GAO study for a selective review of various estimates of both compliance and efficiency cost. Many
studies of efficiency cost single out a particular feature of the tax system. Ballard, Shoven and Whalley (1985) and
Jorgenson and Yun (2001) estimate the overall efficiency cost of the United States tax system using general
equilibrium models. Ballard et al estimate the overall efficiency cost of the Federal tax system as 13%-22% of
revenue. Jorgenson and Yun estimate the overall efficiency cost of the Federal plus State and Local tax systems in
the United States as 19.5% of total revenue.



Despite their obvious appeal, the related concepts of excess burden and optimal taxation have
had too little impact on the formulation of tax policy, at least in the eyes of economists. One
reason for this is the difficulty among non-economists of understanding, or accepting, the
ontological reality of efficiency cost.” Another is the fact that the value of the excess burden is
less certain than revenue, because it depends on estimates of behavioral responses by taxpayers.>
A third reason, which I address in this paper, is that the excess burden, as traditionally measured,
ignores the distribution of the tax burden across households with different abilities to pay tax.
The distribution of the tax burden is tremendously important, both from the perspective of
normative economics and the politics of tax policy, yet it has largely been left out of excess

burden analysis and calculation. Rather, it is analyzed separately under the rubric of tax fairness,

giving rise to an efficiency-equity tradeoff.

This paper proposes a generalized measure of excess burden that seamlessly integrates the
excess burden arising from the two conventional sources mentioned with an excess burden
reflecting how taxes are distributed across households with different abilities to pay. The method
utilizes the generalized (or Holder) mean of household utilities, where household utilities are
measured using the Samuelson (1974) money metric. When there is no efficiency cost, the
generalized excess burden measures an excess burden that results because the distribution of the

taxes unduly burdens taxpayers with low ability to pay tax. The generalized excess burden also

% The basic concepts underlying efficiency cost were introduced in the nineteenth century in the works of
Fleeming Jenkins and Jules Dupuit, developed in the context of the deadweight loss of taxation in the twentieth
century by Harold Hotelling (1938) and Arnold Harberger (1964), and summarized in what are now called
“Harberger triangles”. A fairly long “price index number” controversy followed regarding the appropriate
measurement of efficiency cost. In addition, quantity index measures of efficiency cost were also developed, notably
by Debreu (1951) and Kay (1980). It is fair to say that the meaning and measurement of excess burden is now
established, understood and uncontroversial, at least in the representative household model. For a complete
discussion of efficiency cost, see Auerbach (1985) and Auerbach and Hines (2002).

® Aside from statistical uncertainties about the magnitude of the behavioral response, differences in estimates of
the excess burden may reflect differences in assumptions about the margins on which taxes affect behavior. For
example, a static analysis may consider only the response to different tax rates on current consumption, whereas an
inter-temporal analysis considers the distortion of the timing of economic decisions in addition.

2



provides a new and improved index of the regressivity of different tax systems. On the other
hand, when the distribution of taxes is irrelevant, as in the case of the representative household,
the generalized excess burden reduces to the standard “Harberger triangle” efficiency cost. In the
many household case, where both efficiency cost and the distribution of taxes matter, the
generalized excess burden provides a single measure of the harm imposed by a tax system, and

the measure naturally decomposes this harm into two sources of excess burden.*

The outline of the paper is as follows. Section 2 presents the expression for the generalized
excess burden as the difference between the value of the generalized mean of household full
incomes under the existing tax system and under a neutral baseline tax. Section 3 explains the
measure of household full income for a simple case where each household derives utility from
taxable and non-taxable goods according to a constant elasticity function. Some special cases are
identified for evaluation in subsequent sections. Section 4 considers the special case where the
tax systems impose no efficiency cost, so excess burden arises solely from the regressive
distribution of taxes across households. The excess burdens of regressive state and local tax
systems are calculated using information drawn from the study Who Pays? A Distributional
Analysis of the Tax Systems of All Fifty States, Third Edition (2009), published by the Institute on
Taxation and Economic Policy. The measured levels of the excess burden provide a new and
improved index of tax regressivity, which is found to rank the regressivity of state tax systems
differently from (and, for reasons explained, better than) the ITEP study. Section 4 also interprets
the excess burden of regressivity in terms of distributional weights. Section 5 provides
illustrative calculations of the generalized excess burden when both the distribution of the taxes

and efficiency cost contribute to its value. The highly progressive Federal tax system is found to

* In this paper | ignore compliance cost, but it can be easily integrated into the framework.
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have a negative generalized excess burden, implying that the negative excess burden resulting
from the progressive incidence of Federal taxation outweighs the efficiency cost caused by the
distortion of the leisure-goods decision. In contrast, regressive tax systems, like those of many
states, have high excess burdens reflecting both the excess burden of the distribution of the taxes
and the efficiency cost of distorting the goods-leisure choice. Section 5 interprets this general
case in terms of distributional weights, where the generalized excess burden is shown to equal
the average, across households, of the distribution-weighted household efficiency costs and the
difference in the household tax payments under the existing tax system and the neutral baseline

tax. Section 6 concludes.
2. Measuring the Generalized Excess Burden

We illustrate the generalized excess burden for a simplified economy consisting of many
households with identical preferences and time endowments, but with different and constant
wage rates reflecting different abilities to earn income.® We distinguish a household’s full
income, which is the utility value of the household’s time endowment given its wage rate, from a
household’s market income, which is equal to the product of the household’s wage rate and the
fraction of the endowment it devotes to market activity. This simple economy provides a
framework in which households differ in their utilities, so that the distribution of the tax burden
across households matters, and allows for possible efficiency cost when the tax system distorts
the choice between the taxable and non-taxable goods. The generalized excess burden can be

extended to more complex economies with many goods and non-constant producer prices, but

> In this paper, differences in household well-being arise solely from differences in household abilities to earn.
Of course, differences in acquired wealth are also an important contributor to differences in household well-being,
but wealth is ignored in this paper because the analysis would require a more complicated inter-temporal model. The
main goal of this paper is to introduce and explain the generalized excess burden, which is best done with the simple
static model.



the framework of this paper suffices to explain the generalized excess burden and illustrate its
use with some calculated values. Evaluating the generalized excess burden in more complex

economies would best be accomplished using a computational general equilibrium model.

The generalized excess burden is measured using the generalized (or Holder) mean of
household utilities, or full incomes. Let {X,}:;N denote the full incomes of households in N
income groups, where X, denotes the full income of a household in income group i.°In
particular, X. is a measure of the potential income, or the value of the endowment, for a

household in income group i. We denote the market income of a household in income group i as

Y, < X, . Henceforth, a household in income group i is simply denoted “household i.”

The generalized mean of household full income across the N income groups is expressed

1
N i
M, (X) :{le f- Xi“’} " where f. is the relative frequency of households in income group i

N
and parameter p >0 determines the form of the mean. For example, M (X) :Z f,- X, is the
i=1

N
arithmetic mean while limM (X)=M,(X)=] ] X" is the geometric mean.

p—ol1 i1

The generalized mean is illustrated using the Irene and Jan diagram familiar from income
distribution theory in Figure 1. The full income of Irene is measured on the horizontal axis and

the full income of Jan on the vertical. Along the 45 degree line, Irene and Jan have equal full

incomes. The couplets (X,,X;) along the straight line labeled M,(X,,X;)=X have an

arithmetic mean equal to X while the couplets (X,,XJ) along the curved line labeled

® For simplicity, we assume all households within a given income group are identical.
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M, (X,, X,)=X have a geometric mean equal to X. For values of p between zero and one, the
generalized mean determines a locus for M (X, X;) =X between the two loci shown, while

higher values of p determine loci with greater curvature than the M,(X,,X,)= X locus. Of

course, for any p there is an infinite number of loci, corresponding to different values of X. These
loci can be interpreted as a mapping of a social welfare indifference function, except the loci
represent constant levels social welfare measured as the generalized mean of household utilities,
rather than total (summed) social welfare, as social welfare functions are conventionally

represented. For a population of given size, the distinction is not important.

The generalized excess burden is formulated with reference to a neutral baseline tax, where
neutral means a tax defined to have zero excess burden. In the usual measurement of efficiency
cost, the baseline tax is a lump-sum tax that collects the same revenue as the existing tax but
which is neutral with respect to economic decisions. For the generalized excess burden, the
baseline tax is a proportional tax on the full income of all households which is neutral both with
respect to household economic decisions (in this paper, the choice between market and non-
market goods), and with respect to the distribution of household utilities. The proportional
baseline tax is neutral with respect to the distribution in the sense that it leaves the distribution of
relative full incomes unchanged. The baseline tax rate 7 is set so that the baseline tax collects the

same amount of revenue as the existing tax system. As we will see, this baseline tax has a

generalized excess burden of zero.” The existing tax system is summarized by {ti,Zi}:j , Where

" This does not mean the baseline tax is “optimal”. As we will see, the generalized excess burden of a
progressive tax can be negative, just as a Pigouvian tax can have a negative efficiency cost relative to a lump-sum
tax, the baseline tax for efficiency cost analysis. In effect, my baseline tax is a lump-sum tax with proportional
incidence across the distribution of full incomes.



t. is the marginal tax rate on income faced by household i and Z, is a “lump-sum” term to be

explained later.

Let X' :{XT}L denote the distribution of after-tax full incomes under the existing tax

system and X* ={Xi’ =(1-7)- Xi}iN:1 denote the distribution of after-tax full incomes under the

baseline tax. The generalized mean excess burden across all households is defined simply as
GEB, =M, (X')-M,(X'). @)
It is easily seen that M (X) =M (X)-(1-7) . Because the baseline tax collects the same

revenue as the existing tax, we identify the term z-M | (X) as the generalized mean value of the

revenue (or primary) burden of the tax system, which we henceforth term simply as “the revenue
burden.” The generalized excess burden expressed as a percentage of the revenue burden for a
given value p is given by

Mp(x)'(l_r)_Mp(Xt) _

%GEB =
i : T~Mp(X)

(1)

Later, we will see that expressions (1) and (1”) reduce to the standard excess burden expressions
in the case of the representative household, where a dollar is treated as a dollar, but generalize
the excess burden to allow for the fact that a larger (or smaller) burden may be imposed
according to how the tax is distributed across the households. As we will see, this measure
naturally combines the excess burden caused by the distribution of the tax burden with the excess

burden caused by any efficiency cost imposed by the tax.



3. Measuring Household Full Incomes
The full income of household i is determined using a CES utility function

U =[aCr +(1-a)-(BR) "7 for 20, 1. @

The consumption of taxable (or market) goods and non-taxable (or non-market) goods by
household i is denotedC, and R, respectively, and parameter 1) is the inverse of the elasticity of
substitution between the two goods.® Parameter o is the relative “shares” parameter, and
parameter S is a measure parameter that normalizes units of C and R.? All households are

assumed to have the same utility function.® In addition to the general case, the Cobb Douglas

case where 7 1 and U, = 8 -[ C/*-R"“ | is of interest,

As mentioned, the impact of the existing tax system on household i can be modeled as a
linear affine system with marginal tax rate t; and a transfer Z; The transfer represents the “virtual
income” accruing to the household from any deductions, exemptions, credits or lower infra-
marginal tax rates, as in Hausman (1985). Under the existing tax system, household i maximizes

utility subject to the budget constraint

C, +W, (1-t,)-R =W, (1-t,)+Z,. 3)

& For simplicity, | assume the tax distortion operates only on the choice between goods and leisure, but more
generally the tax distortion may operate on several possible behavioral margins. Slemrod (1995) identifies three
levels of behavioral response to taxation—the real response, the timing response, and the avoidance response—all of
which may contribute to the size of the efficiency cost.

® Strictly speaking, a is the relative shares only in the Cobb Douglas case where n—1. Most specifications of the
CES utility function incorporate the value of /3 into the “shares” parameter, but calibration of the CES function is

more transparent if the parameters are kept distinct.
1% More precisely, for estimation purposes, any variations in the calibrated parameter, described below, across
households are assumed to be i.i.d.



We assume each household has a unit endowment (of, say, time) and can employ its endowment

in whole or part at constant wage rate W,. The total tax paid by household i is equal to the tax
rate t, on market income W, -L; =W, -(1-R;), where L;is the labor supply of household i t

minus the virtual income. Thus, T, =t,-W, - L, —Z, is the dollar value of tax paid by household i.
It is straightforward to show that

W, (1-t)+Z,

n-1

T+y[W, (1-t) ]
I L '(1_“,,)_]1" 4.2)

T+y-[W (1-t)] "

Yi zwi-[1—y-zi-[vvi-<1—:ilﬂfj -

L+y (W (1-t)] "

Y!'=Cl =

(4.1)

= 1-n
1- S L . . .
where y:(—aj” - " is a preference term which is calibrated using observations of the
(04

household with mean income,*? and the superscript t denotes household values under the existing

tax system.

Substituting the maximizing values into the utility function, we obtain the maximized or

indirect utility function as

n-1

VW (1-t).Z]= ogﬁ -{1+y-[vvi (1-t, )]}l" AW (1-t)+Z ], for p=1. ()

! More generally, Li is the proportion of the household’s resource endowment devoted to market purposes.

Pasn ol y—o

a
and y can simply be calibrated by the endowment share devoted to employment by

the mean household, while as 77 — o0, ¥ — [ which, as | will show later, can be calibrated using the income and
employed endowment share of the mean household.



Define { E[W,,U;]=min[C, +W,-R ] subject to U[C,,R ]=U, } as the expenditure or cost of

utility function at W,. The full income of household i, after taxes, is measured by the Samuelson

(1974) money metric utility™

n

=g,z - 2]

1+ W, "

Under the baseline tax, the household budget constraint is
C +W R =W, (1-7) ()

and the utility maximizing solutions are

W (1-7
cr =) (8.1)

1+ W7

. 1+y-7
ot 62)

T+y-W, "

where the superscript z denotes household values under the baseline tax system. It is

straightforward to show that
X7 = E{W, VW -(1-7) ]} =W -(1-7). ©)

Equations (6) and (6°) are substituted into equation (1) or (1°) to obtain the generalized excess

burden.

'3 The Samuelson money metric is the cost, at given “reference” prices, of attaining the maximum utility
possible at stated prices. In this analysis, the reference price for each household is its before-tax wage rate and the

stated price is its after-tax wage rate, so W, — Xit is the Hicksian equivalent variation for household i representing
the total burden of the tax system on household i.
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4. The Excess Burden of Regressive Taxation

In this section, the generalized excess burden is used to calculate the excess burden of a
regressive tax system, which provides an index of regressive taxation across different tax

systems. The excess burden of regressive taxation is isolated by setting y =0 in equations (4)
through (8). In this case, X; =W, -(1-t;), and X7 =W, -(1-7). Without loss of generality, we
can set Z, =0 for all i. Every household fully employs its unit endowment, so full income is
simply market income W, =Y, for every household i. Because there is no non-market activity, the

household derives no utility from leisure so market income is the household’s sole source of
utility. Taxes do not distort the choice between market and non-market goods, so there is no
excess burden resulting from efficiency cost. * Thus, the entire excess burden, if any, is due to

the regressive distribution of the tax burden.

Values for the excess burden of regressivity for different values of p are calculated using
information on tax rates for households in different income classes drawn from statutory tax
incidence studies such as “Effective Federal Tax Rates”, Congressional Budget Office (2010) or
the fifty-state tax incidence study “Who Pays”, Institute on Taxation and Economic Policy
(2009). The revenue neutral baseline tax rate z is equal to total tax revenue as a percent of total

income for all income classes under the existing tax system.

The ITEP study focuses particularly on the regressive nature of state and local taxation. The

study finds that, in nearly all states, state and local taxation is regressive, with higher income

1 Of course, with multiple market activities, efficiency cost can arise if the different market activities are taxed
at different rates.
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groups paying a lower percentage of their income in tax than do lower income groups. In some

states, such as Washington State and Florida, this regressive taxation is extreme. '

In Table 1, incomes before and after taxes for the State of Massachusetts are shown as
reported in the ITEP study. Massachusetts is a representative state in that the incidence of taxes
across the income groups is similar to the average across all states, according to the ITEP study.
In Massachusetts, combined state and local taxes as a percentage of income equals 8.5% on
average, but tax rates range from 10.1% for households in the bottom quintile to 6.0% for
households in the top 1% of the income distribution. The generalized excess burden as a
percentage of the revenue burden is calculated using equation (1°) and before- and after-tax
incomes for Massachusetts. The excess burden of regressive taxation equals 16% of the revenue

burden for p —1, and 11% for p='%.

Also shown in Table 1 is the corresponding information for the case of Florida. As shown
below, using the generalized excess burden as an index of tax regression, Florida has the most
regressive tax system in the nation. In Florida, state and local taxes as a percentage of income
equal 5.9% overall, but range from 13.5% for households in the bottom quintile to 2.6% for
households in the top 1%. The excess burden of this extremely regressive taxation in Florida is

calculated as 58.3% percent of the revenue burden for p —1, and 34.5% for p=Y%.

1> The measured regressivity of state and local taxes reflects reliance of state and local governments on sales
and property taxes, and the particular methodology used to estimate tax incidence. In particular, both the CBO and
ITEP studies use annual tax and income measures, and make arbitrary assumptions about how taxes are shifted. In
particular, they assume sales and property taxes are shifted to consumers and occupants, while income taxes are
borne by income recipients. Computational general equilibrium models based on lifetime economic incidence find
that this regressivity is overstated in these statutory incidence studies (see Fullerton and Rogers (1993).) The
generalized excess burden measure proposed in this paper can be use input from any sort of tax incidence analysis.
In this paper, | use the CBO and ITEP statutory incidence studies because they are readily available and widely
disseminated.
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The interpretation of the excess burden caused by regressive taxation is the same as the
interpretation of excess burden more generally. The excess burden represents a tax burden that is
unnecessary and avoidable, unlike the revenue burden which represents the cost of government
programs. The computed value of the generalized excess burden suggests that the very regressive
tax system in Florida imposes a burden on its population that is nearly 60% more than it would

be with the baseline tax (a proportional tax on all household incomes.)

The ITEP study ranks states according to the degree to which their tax systems are
regressive. The ITEP index of regressive taxation depends on the difference between the tax
rates for households at the bottom and top of the income distribution. Using the generalized
excess burden as a percent of revenue as an index, we also rank states according to degree to
which their tax systems are regressive. Table 2a shows the five states with the most regressive
tax systems according to the ITEP index and according to the generalized excess burden index

for p —1 and p=': respectively. As can be seen, the lists contain many of the same suspects

(Florida, Tennessee and Washington), although the rankings differ. In terms of the excess burden
index of regressive taxation, it is Florida, not Washington, that has the most regressive tax
system. Also, according to the generalized excess burden index, Wyoming and Nevada rank
among the five most regressive, although they do not make the five most regressive in the ITEP
study. On the other hand, South Dakota and Texas, which are among the five most regressive in
the ITEP study, are not ranked as highly by the generalized excess burden index. The cause of

the difference in the rankings is explained in the next section.

The ITEP study does not provide a list of the five least regressive states, but it singles out
Vermont, Delaware and New York as among the least regressive. In Table 2b, the five states

with the least regressive tax systems according to the generalized excess burden index are listed.
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According to the excess burden index, the three states singled out by ITEP are included in this
five, with excess burdens as a percentage of revenue ranging from 1% to negative 1%. A
negative excess burden indicates a tax system that is slightly progressive overall. Although the
differences among the five least regressive states are small, the generalized excess burden index
identifies California as the state with the least regressive tax system, a state not singled out in the
ITEP study. Table 1 shows the relevant information for California. With an excess burden of

negative 1% for p —1 and negative 2% for p=Y, the tax system in California is in fact slightly

progressive.

By comparison, the progressive Federal tax system, where tax rates range from 4% of income
for households in the bottom quintile to 29.5% for households in the top percentile, has an excess
burden equal to negative 18.4% of revenue when p=Y% and negative 31.6% when p—1. The
magnitude of the negative generalized excess burden is an index of tax progressivity. Compared

to the Federal tax system, the state and local tax system in California is roughly proportional.
4.1 The Interpretation of the Excess Burden of Regressive Taxation

In order to better understand the meaning of the excess burden of regressive taxation, and
how it ranks different tax systems, we can approximate second term in equation (1) by expanding

N
Mp(X‘):Mp(X)+Z%(X)-[X‘—X] and express the generalized excess burden as a

i=1
percentage of the revenue burden as
N
Zw. (,0) f; '(XiT _Xit)
i=1

%GEB, = - _
=

(10)
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1-p
— ) : M, (X
whereT is tax revenue per taxpayer across the population, and . (p)= X, O( )
M p(X) X,

1
is the defined as the “distributional weight” on households income class i. In the case where y=0

(households engage in no non-market activities), expression (10) simplifies to

iwi (p)-fi-T,

%GEB, = L T -1 (107)

where T, is tax paid in dollars by a taxpayer in income class i.

The value of p determines the distributional weights across taxpayers. When p=0, o (0) =1

for all i and a “dollar is a dollar” as in efficiency cost measures, which ignore the distribution of
the tax burden. When p —1, the distributional weight on a taxpayer i is simply the arithmetic
mean household income divided by the income of the household i. The implied distributional
weights for the “representative state” Massachusetts are shown in Table 3 for p=% and p—1.
When p — 1, the distributional weights range from 8.93 for households in the bottom quintile to
.04 for households in the top percentile. This should be interpreted to mean that, as compared to
a household in the middle of the income distribution (where a dollar is a dollar), a dollar of tax
on the average household in the bottom quintile is equivalent to a burden of $8.93, whereas a
dollar of tax on the average household in the top percentile is equivalent to a burden of 4 cents.
Higher values of p (more inequality aversion in social welfare function terms) imply higher

(lower) distributional weights for lower (higher) income households.

The difference between the ITEP and the generalized excess burden methods for ranking the
regressivity of tax systems can now be explained. The ITEP ranks the regressivity of tax systems

according to the difference, or variance, in the effective tax rates across income groups. The
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generalized excess burden index ranks the regressivity of tax systems according to the variance
in tax rates across the income distribution and the variance of incomes across households. The
variance in incomes determines the distribution of the distributional weights. In a state with
greater income disparity, for example, a dollar of tax imposed on a household in the bottom
quintile causes a greater burden because the distributional weight for such households are

greater, and conversely for households at the top of the income distribution.

In this sense, the generalized excess burden index of regressive taxation is superior to the
ITEP index, which considers only tax rate disparities. Regressive tax rates across income groups

are surely more harmful when income disparities are greater. When p — 1, it can be shown that

the generalized excess burden of regressive taxation is equal to the negative of the covariance of
income and tax rates across income groups, with a higher generalized excess burden when the

magnitude of the (negative) covariance is greater.®
4.2 The Distributional Weights Controversy

As explained in the previous sub-section, the generalized mean, perhaps not surprisingly, is
equivalent to assigning a set of distributional weights across households with different incomes.
The use of distributional weights in normative analysis has a long and controversial history.
Without intending to engage that debate in general, we briefly comment on the justification of

using distributional weights in the context of the generalized excess burden. While distributional

18 This is easily seen when p —>1, in which case @ = X / X, where X is the arithmetic mean. Noting that
_ N =N _
T=t-X,, T :Z f-t X and 1 Z f. ~(Xi —X):O We can express
i=1 =

%EB, =—iZNj fi-tt _t_i_'(x‘ —X).

16



weights have been used in project evaluation and the analysis of optimal taxation (and the related
concept of the marginal cost of public funds), there are few examples of using distributional
weights in measuring excess burden. The interested reader should consult Harberger (1978) for a

more extensive discussion of the use of distributional weights in this context.

The arguments for using distributional weights to measure the excess burden are as follows.
First, in any context where interpersonal utility comparisons are necessary, the assumption that
“a dollar is a dollar” is itself a statement about distributional weights which requires justification.
For project evaluation, the justification is the Hicks-Kaldor compensation principle, which has a
controversial history of its own. Whatever the merits of the Hicks-Kaldor compensation principle
in cost-benefit analysis, it is of little use in evaluating tax and transfer systems because the tax-
transfer system is the de facto instrument of redistribution.*” Second, when evaluating tax
systems, the “dollar is a dollar” assumption implies indifference to the distribution of the tax
burden. In that case, why does it matter whether a tax system is regressive? Unless a dollar of tax
on low-income households is more burdensome than a dollar of tax on high-income households,
it is not clear why regressive taxation should be of normative concern. Third, there are empirical
reasons, as well as ethical, for treating a dollar of tax on low income households as more
burdensome than a dollar of tax on high income households. For one thing, there is the long-
standing evidence of the Weber-Fechner law regarding the logarithmic relationship between

stimulus and response, and evidence for its neural correlates (Dahaene, 2003).'® For another,

" Harberger’s (1984, p. 458) main objection to the use of distributional weights in project analysis is the
possibility that even a project which is “scandalously inefficient” may appear worthwhile simply because it achieves
a highly desirable (given the weights) redistribution—a redistribution which could be achieved at lower cost through
the tax and transfer system.

'8 Since utility must derive from the physical and psychological stimulus provided by consumption, the Weber-
Fechner law suggests that utility is a logarithmic function of consumption.
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there is econometric evidence that self-reported happiness (subjective well-being) increases with

the logarithm of income (Sacks, Stevenson and Wolfers, 2010) and Deaton (2008).

5. The Generalized Excess Burden and Distortionary Taxation

In the previous section we isolated the excess burden caused by regressive taxation by
assuming no non-taxable economic activity and, therefore, no efficiency cost. The existence of
non-taxable activity changes the analysis in two ways. First, the reported regressivity in the tax
system may be biased when household consumption of (utility from) non-taxed goods, like
leisure or other non-market goods and services, systematically varies across income groups. If
households in lower income groups consume more (less) leisure than those in high income
groups, the excess burden from regressivity of the tax system is over-stated (under-stated) by
using market incomes. Second, if tax rates distort the economic choice between taxable and non-
taxable goods, the excess burden from efficiency cost of the tax must be considered in addition

to the excess burden from the regressive incidence of taxes.

We illustrate the generalized excess burden of taxation, which incorporates both efficiency
cost and the distribution of the tax burden, using a simple, illustrative tax system where

households pay a flat rate tax on income, but the tax rate varies across income groups. The t,’s

for the different income groups are set equal to the average tax rates drawn from statutory tax

incidence studies. Note t. now represents both the marginal and average tax rate for household i.

Since each group is assumed to pay tax at a flat rate, Z, =0for all i. This tax system is not only
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unrealistic, but it also underestimates the efficiency cost of the tax system because the average

tax rates reported in tax incidence studies are less than the marginal tax rates.*

Using the general CES and the simplified tax system, we calculate the generalized excess
burden that takes into account the distribution of the dollar tax burden, the variation in
consumption of non-taxable goods across income groups, and the efficiency cost caused when
the tax system distorts the choice between taxable and non-taxable goods. To calculate the

generalized excess burden, the CES utility function is calibrated in the same way that is done in

. . : . 1-a)r "
computational general equilibrium modeling.?° In particular, the term y:(—ajn-ﬂ” in
(94

equation (4) through (6°) is calibrated for given values of 7 using observations of the average

household (the household with mean income). Let 6, denote the endowment fraction employed

1-7

(1-6,)[ Yo (1-t,) ] 7

1

On

by the mean household and solve equation (6) for y = for the mean

household. Since we assume all households have the same utility function, the same calibrated

value of y is used across all income groups. Note that this calibration satisfies « =6, and

Ym '(1_tm) . . . .
Y/ =1 Thus, the y term is calibrated using the fraction of endowment employed and

m

9 For linear taxes, like sales and property taxes, this assumption is not troubling. However, for a nonlinear tax
like the Federal income tax, a better illustration would utilize estimates of marginal tax rates across income groups

as data for thet; , say as calculated using the National Bureau’s TAXSIM, and average tax rates from tax incidence

studies to determine the necessary “virtual incomes” Z; . | do not do this because my purpose here is not to provide

accurate estimates of the generalized excess burden but to illustrate its utility. To obtain an accurate estimate of the
generalized excess burden, one would best use the generalized excess burden measure within a computational
general equilibrium model, which could incorporate non-linear income taxes in the manner | suggest. The CGE
model can also be used to estimate the efficiency cost of variations in tax rates across taxable goods (ignored in my
examples), as well as measure the economic incidence of the tax system, rather than its statutory incidence as done
in the studies referenced in this paper.

% More more details on calibrating CES functions, see Sancho (2009).
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the after-tax market income of the average household. Using the calibrated value of y for

households in each income group i, we solve for W, as the root of equation (4.3) using observed

values of Y, and t;.

We assume the mean taxpayer devotes 1/3 of his or her endowment to market employment so

0, =1/3,%! and set n so that differences in labor supplies across income classes are “reasonable”

given the implied wage rate differences across income groups. In particular, along with the

Cobb-Douglas case 7 —1 (uncompensated labor supply elasticity =0), we consider 7 =.87,
which corresponds to an uncompensated labor supply elasticity of +.1, and r=1.175 which

corresponds to an uncompensated labor supply elasticity of negative 1. Greater magnitudes of the
labor supply elasticity would imply unreasonable differences across income groups for the

fraction of endowment employed.

The information necessary to compute the generalized excess burden for the Federal tax
system is shown in Table 4. Columns 4 and 5 contain the before- and after-tax average wage
income of households grouped into income quintiles as taken from the CBO study Average
Federal Taxes by Income Group, 2007.%% Using the calibrated CES utility function, we calculate
the full income for the average household in each quintile, before and after taxes for three
different values of n using equation (6). Note that the coefficient of variation (CV) of market
incomes and full incomes across households are the same (.886) when n—1 (Cobb-Douglas

case). However, the CV for full income is smaller (greater) than for market income when n=.87

%! The average US worker works 1800 hours a year, which is about 20% of the total number of hours in a year. |
assume the unit endowment corresponds to an upper limit of “choice” hours available to each worker per year equal
to 5400 hours with the remaining 3360 hours required for physiological purposes like sleeping and eating.

22 | consider only wage income because non-wage income is primarily capital income and an analysis of the
generalized excess burden would require an inter-temporal model.
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(m=1.175). This reflects the fact that full income includes the value of leisure to the household.
When n=.87 (m=1.175), high income households consume less (more) leisure, reducing
(increasing) the disparity in utilities across households. With Cobb-Douglas utility, leisure is
independent of the household wage. The last three rows show the values of the generalized mean
of household incomes for the respective columns. Above these rows we report t, the tax rate

applying to all households on full income under the baseline tax.

Using these values, the generalized excess burden as a percent of the revenue burden for the
Federal tax system is calculated using equation (1) and reported in Table 5 for the three different
values of p and 1. The generalized excess burden in the case where y=0 (no non-market goods
and therefore no excess burden due to efficiency cost) is also reported. When p=0, the
generalized excess burden is caused solely by efficiency cost, which is greatest (9.2% of the
revenue burden) when the labor supply curve is most elastic (n=.87), and is zero in the case
where y =0. When the distribution of the tax burden matters, (p="2 and p—1), the value of the
generalized excess burden is negative?, indicating that the progressive incidence of Federal
taxes reduces the excess burden by more than the efficiency cost.? The values of n considered
have relatively small effects on the size of the generalized burden when p is % or greater. The

negative excess burden of the progressive Federal tax system dominates.

Also, when the tax system is progressive, the value of the generalized excess burden is less

than the sum of its components taken separately. For example, for n—1 the efficiency cost of

2% A negative excess burden may seem strange for some readers. The choice of a zero excess burden (in the
absence of efficiency cost) for a tax system with proportional incidence is merely a convention. In efficiency cost
analysis, a lump sum tax system in a perfectly competitive market economy has a zero excess burden. However,
negative efficiency cost (indicating the removal of deadweight loss) is possible if Pigouvian taxes are imposed on
markets with cost externalities.

2 Again, this is for a highly stylized portrayal of U.S. Federal taxation which ignores possible tax distortions
across taxable goods, inter-temporal distortions caused by the Federal tax system, and the fact that marginal tax rates
exceed the average tax rates used in these calculations.
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the Federal tax system alone (p=0) is 8.2% of the revenue burden whereas the distribution
part of the excess burden alone (y=0) when p—1 is -25.6%. The sum of these values (-

17.4%) is greater than the value of the generalized excess burden (-21.7%) when n,p—1.

Table 6 reports values of the generalized excess burden for regressive tax systems, including
the tax systems of Massachusetts (the representative case) and Florida (the case of a very
regressive tax system.) The fraction of wage income to total income for the nation as a whole in
2007 (from the CBO study) is applied total household incomes for the respective states as
reported in the ITEP study to obtain wage income for the different income groups in each state.
The generalized excess burden is calculated for three values of p and n and reported along with

the no efficiency cost case (y=0).

As seen from the Table, when p=0, the generalized excess burden is equal to efficiency cost
and is highest in the case of the upward sloping labor supply curve (n=.87). For any given value
of 1, the generalized excess burden of regressive tax systems increases as p increases because the
excess burden of regressive taxation is combined with the excess burden from efficiency cost. As
compared to the y=0 case, increasing p increases the generalized excess burden by less when the
labor supply curve is upward sloping (n=.87). This is because consumption of leisure decreases
as income rises in this case, so the disparity in full incomes is less than the disparity in market
incomes. In other words, using market incomes leads to an overstatement of the degree of
regressive taxation when leisure is higher for low income households. The opposite occurs when

n=1.175, because in this case leisure increases with income.

We can also confirm from Table 6 that when the tax system is regressive and >1, the

generalized excess burden is greater than the sum of its components considered separately. For
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example, for n—1 the efficiency cost alone (p=0) is 2.5% of the revenue burden in Florida
whereas the distribution part of the excess burden alone (y=0) when p—1 is 47.9%. The

sum of these values (50.4%) is smaller than the generalized excess burden (52.6%) when

n,p—1. However, when n<1, it is possible that the generalized excess burden is less than the sum

of components, even when the tax system is nominally regressive. The reason for is that when

n<1, consumption of leisure declines with income, reducing disparities in full incomes.?®

5.1 Interpreting the Generalized Excess Burden in the General Case

In this section we show that the generalized excess burden expression reduces to the familiar
Harberger triangle in the case of the representative household, and in the many household case is
equal to a weighted average of the Harberger triangles plus distributional impacts across
households in different income groups. To simplify the algebraic presentation, a Cobb-Douglas

utility function (n—1) is assumed, however the results hold for the general case. In the Cobb-

Douglas case, we have U, = 8 -[Ci“ . Ril’“} and the corresponding equations

¢ _(l—oc)-Zi

L=« —Wi '(1—ti) (4.2a)

X{=(1-t)"-W,- 1L (6a)
i i i Wi (1_t|)

L =a+(1-a)r (8.2a)

% Even when the labor supply elasticity is modest (+.1 in this example), the disparity in well-being across
income groups is markedly reduced. For example, in Massachusetts wage income received by the top quintile is 31
times greater than wage income received by the bottom. However, the full income of the top quintile is only 22
times greater than the full income of the bottom quintile when the labor supply elasticity is +.1. As a result, tax
distributions which are regressive with respect to household incomes may be proportional or even progressive with
respect to household full incomes.
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X7 =W, -(1-7). (92)

Representative Household Case

In this case we drop the household subscript and can write the numerator in equation (10) as

GEB =W ~£(1—z')—(1—t)a {1+ VﬁD . (10a)

Next, we find the baseline tax rate that collects the same revenue as the existing tax by solving
7-W =t-W - L —Z using equation (4.2a) for

~ ._Z-(l—a-t)
r=a-t —W-(l—t) . (12)

Substituting (11) into (10a) we obtain

GEB =W -(1+Vﬁ}[l—a-t—(1—t)a} (10b)

First note that [1—0({ —(1—t)q >0 by the generalized Bernoulli’s inequality, as 0 <« <1 and

t > -1, so the GEB is non-negative in the representative household case.

When a <1 and t=0, GEB >0 and is equal to the efficiency cost caused by the distortion

caused by the tax between the taxed and non-taxed goods. To see this, expand (1—t)“ to a

a-(1-a)

quadratic term so (1—t)“ ~l-a-t— -t>. Also, note using (4.2a), (8.2a) and (11), we

can write L’—Lt:a-(l—a)-t{ljt Z

W-(1-t)

] . Substituting into (10b), we obtain

GEB=X"-X'~ —%-t W (L' =), which is the Harberger triangle.
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The Many Household Case

We can now express the generalized excess burden for many households where the size of
the excess burden depends both on the efficiency cost, as approximated by Harberger triangles,
and the distribution of the tax burden across households with different utilities. In this case, the

numerator in equation (10) can be expressed

GEB, =ia), (p) f [W (7 —7)+W, - (17, ) =W, - (1-,)" {1+LD (10c)

i W, '(1_ti)
where z; is the hypothetical baseline tax rate at which household i would pay the same amount

Z-(1-a-t)

of tax as it does under the existing tax system (that is, 7, =« -t, —
W, '(1_ti)

.) Substituting for

7, and carrying out the same sequence of operations as we did for the representative household

we obtain

GEB, zi‘” (p)-f, {W (7, —T)—%'Wa 1, -(LE _u)}, (10d)

Using the quadratic approximation (10d), we see that the generalized excess burden in the
many household case is equal to the weighted average (at the distributional weights determined
by p) of the burdens imposed on each household i. The burden on household i consists of two
parts represented by two terms. The second term is the efficiency cost imposed on household i,
as approximated by the Harberger triangle, when household i pays the same amount of tax under
the baseline tax as it does under the existing tax. The first term in braces is the tax paid by
household i under the existing tax minus the tax paid by household i under the baseline tax

system when it is imposed at the overall revenue-neutral rate z .
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Under a regressive tax system, for example, the first term is positive (negative) for lower
(higher) income households, so the generalized excess burden is increased for distributional
weights determined by a positive p. Under a progressive tax system, the first term would be
negative (positive) for lower (higher) income households, so the generalized excess burden is
decreased for positive p. Note, from expression (10d), that if the existing tax system is a flat rate
tax on income, the generalized excess burden reduces to the standard (unweighted) efficiency
cost because the distribution of the tax payments for the existing flat rate income tax is the same

for the baseline tax. On the other hand, if we assume every household faces a different 7, under

the baseline tax, so that each pays the same tax under the baseline as it does under an existing tax
system of arbitrary distribution, the generalized excess burden equals the distribution-weighted
average of Harberger triangles. This is because the baseline tax defines the distributional
component of the excess burden equal to zero for the existing distribution of tax payments. This
illustrates the importance of the choice of the baseline tax in determining the excess burden

caused by the distribution of tax payments under the existing tax system.

6. Conclusion

This paper developed a generalized measure of the excess burden of a tax system using the
generalized mean of household utilities. The generalized excess burden integrates into a single
measure the burden that a tax system imposes on an economy over and above the revenue it
collects. In particular, it measures the burden of regressive incidence along with efficiency and
compliance costs. As such, the generalized excess burden provides a scalar measure of the excess
costs of any tax system. The generalized mean is a systematic procedure for defining a set of

distributional weights across households in order to quantify this sort of excess burden. The
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controversial aspect of the procedure is the subjective nature of distributional weights. However,
concern about regressive taxation reflects an implicit acceptance of distributional weights. The

generalized mean simply makes this concern explicit and measurable.

[llustrative calculations indicate that very regressive tax systems can impose high excess
burdens relative to a baseline tax with proportional incidence. A regressive tax system causes
excess burden because disproportionately high taxes are levied on households with low abilities
to pay tax. A dollar of tax is more burdensome than average for such households. The
generalized excess burden provides a useful index of the degree of regressivity of different tax
systems, which is superior to indexes currently in use. A progressive tax system has a negative
generalized excess burden (ignoring efficiency and compliance costs) because disproportionately
higher taxes are levied on households with greater abilities to pay tax. A dollar of tax is less

burdensome than average for such households.

The generalized excess burden can be interpreted as a distribution-weighted average of
household burdens. The household burden is equal to the standard “triangle” efficiency cost
caused by the distortion of the household choice between taxed and untaxed goods when the
household pays the same amount of tax under the existing and baseline tax systems, plus the

difference between the taxes paid by the household under the two tax systems.
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Table 1: Household Income Before and After Respective State or Federal Taxes by Income
Quintile and Calculated Excess Burden of Regressivity (2007)

MA FL CA Federal
Quintile Before-tax |After-tax Before-tax |After-tax |Before-tax After-tax |Before-tax |After-tax
Income |Income |Income |Income |Income |Income |Income |Income
I $11200 |$10069 |$10500  |$9083 $13200 |$11854  |$18400 $17700
I 31100 27928 23200 20787 28500 26021 42500 38000
" 52900 47557 37400 33959 46000 42182 64500 55300
(\% 86600 78027 61800 57103 75700 69417 94100 77700
80%-95% 151900 137773 113300 |105936 |139100 |126859 148848 |117321
96%-99% 369400 339848 284300 270085 |328800 |298550 |304476 226780
99%-100% 2628700 2470978 2444400 [2380846 |2180900 (1967172 |1873000 (1319700
Tax Rate 8.5% 5.9% 9.0% 20.4%
M4(Y) $50,669 |$45,685 |$38,931 $35,280 |$47,757 $43,512 $62,125 [$53,460
M..(Y) 67,745 61,349  |$51,441 (47,343 61,659 56,223 75,150  |62,646
%EB(p—>1) 15.67% 58.33% -1.28% -31.63%
%EB(p=") |11.00% 34.52% -2.08% -18.44%

Source: Household Incomes in States, Who Pays? Third Edition Institute on Taxation and
Economic Policy, 2009. Household Incomes Federal, Average Federal Taxes by Income Group,

Congressional Budget Office, June 2010. Calculations by author.

Table 2a: States ranked according to the most regressive tax systems (top five) in 2007

ITEP Ranking p=2 (geb index as % of | p—1 (geb index as % of
revenue burden) revenue burden)

Washington Florida (35%) Florida (58%)

Florida Wyoming (30%) Washington (51%)

South Dakota Nevada (28%) Wyoming (48%)

Tennessee Washington (28%) Nevada (43%)

Texas Tennessee (23%) Tennessee (40%)

Source: Who Pays?2009 and calculations by author.
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Table 2b: States ranked according to the least regressive tax systems (top five)in 2007

ITEP Ranking p=> (geb index as % of | p—1 (geb index as % of
revenue burden) revenue burden)

Vermont California (-2%) California (-1%)

Delaware Oregon (0%) Vermont (-1%)

New York Vermont (1%) Oregon (0%)
New Jersey (1%) South Carolina (1%)

Delaware (1%)

New York (1%)

Source: Who Pays?2009 and calculations by author.

Table 3: Distributional Weights for Households in Different Income Groups

Quintiles p=Y% p—1

I 3.64 8.93
I 2.18 3.22
i 1.67 1.89
v 131 1.16
80%-95% 0.99 0.66
96%-99% 0.63 0.27
Top 1% 0.24 0.04

Source: Calculated by author using household income in Massachusetts (2007) taken from Who
Pays?2009)

Table 4: U.S. Household Wage Income and Calculation of Full Income Before and After
Federal Taxes by Income Quintile (2007).

Before
Tax After Tax
Tax [Wage |Wage X! X! X X!

Quintile rate [Income [Income Xi(=.87)|(n=.87) Xi(m—1) |n—1) |n=1.175) |(n=1.175)
I 4.0% (9292 8,920 32233 31855 27876 27499 23694 23318
I 10.6%25203 22,531 80071  [77280 {75609 72837 (70685 67932
i 14.39%39023 33,443 |119531 113613 (117069 (111199 (114185 108362
v 17.4%59471 149,123 [175899 (164788 [178413  [167399 (181535 (170617
\Y 25.19%128155 (95,988 357100 (321452 (384465  [349154 422101 (387147
CV 0.886 0.822 0.886 0.963
Tau 19.6% 6.7% 6.5% 6.3%
M(p=0) 52229 42001 [152967 |141798 |156686 145618 (162440 (151475
M(p="2) 44483 36778 (133257 (124814 (133448  |125205 (134464 (126422
M(p—1) 37034 31638 (114150 108182 (111102  [105420 (107947 (102548

Source: Average tax rates and Sources of Income by Income Category (2007), Congressional
Budget Office. Calculations by author.
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Table 5: The Generalized Excess Burden of the Progressive Federal Income Tax on Wage
Income as a Percent of Revenue Burden (2007)

n=.87 (e=+.1) n—1 (e=0) n=1.175 (e=-.1) v=0
p=0 9.2% 8.2% 7.2% 0.0%
p=% -5.2% -5.4% -5.0% -11.6%
p—1 -21.8% -21.7% -20.6% -25.6%

Source: Calculations by author.

Table 6: The Generalized Excess Burden of the Regressive Tax Systems in Massachusetts
and Florida (2007)

n=.87 (e=+.1) n—1 (e=0) n=1.175 (e= -.1) vy=0

MA FL MA FL MA FL MA FL
p=0 3.5% 2.9% 3.1% 2.5% 2.6% 2.1% 0% 0%
p=Y2 5.1% 18.3% 9.5% 24.9% 16% 34.7% | 6.1% 21.5%
p—1 5.4% 35.6% 15.7% 52.6% 32.2% | 78.9% | 12.0% | 47.9%

Source: Calculations by author.
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