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Abstract

This paper defines and statistically estimates a non-linear relationship between
individual effective income tax rates and economic income for U.S. tax return data
for tax years 1979-1989. The relationship, which we call the effective tax function,
has three parameters, and was theoretically derived from the theory of equal sacrifice
by Young(1988, 1990) and more generally by Berliant and Gouveia(1993).

Next, annual graphs of the statistically estimated effective tax functions are pre-
sented and discussed. The estimated functions are then used to characterize empiri-
cally the evolution of the U.S. federal tax system with respect to four characteristics
of the tax system: average marginal tax rates, redistributional elasticities, revenue
elasticities, and horizontal equity. For each characteristic we present a preliminary
assessment of the impact of the Tax Reform Act of 1986. The major empirical finding
is that the effective income tax function exhibits a trend toward less progressivity for
the years studied, with the 1986 reform being an exception. However, by 1989, the
effective tax function had returned generally to the same shape as the 1985 func-
tion; this suggests that the distributional effects of the Tax Reform Act of 1986 were
relatively short-lived.

This general conclusion is also valid for indexes that measure the redistributive
impact of the tax system (the elasticity of after-tax income with respect to before-tax
income) and the revenue effects of the system (the elasticity of fiscal revenue with
respect to before-tax income).
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Bill Randolph, Marcus Berliant, Steve Coate, Bob Inman, the Editor, and two anonymous referees for
helpful suggestions. Responsibility for any errors and opinions rests solely with the authors.






“... a tax law is a mapping from a vector whose elements

are the income characteristics of the individual (wage
income, dividends, capital gains, and all the other items in
the income tax form) to tax liabilities. It is supposed to be
a well defined function; no economic analysis is needed.
(...) In fact, to use this information one wants to know

the distribution of the burden by some classification of
lower dimensionality than that used in the tax law.”

in Arrow (1980, p.265)).

1 Introduction

Few domestic fiscal issues can be as controversial as the income tax. The debates
between successive Administrations and Congress over the tax rate structure of the federal
individual income tax and the treatment of capital gains illustrate the difficulty any demo-
cratic society has in reaching and maintaining a consensus on income taxation. Political
difficulties notwithstanding, summarizing the effects of changes in income tax law from er

post data on taxes and income is far from a transparent matter to the research community.

Tt. should be noted that the relationship between taxes and income contained in the
tax law, what we call the statutory taz function, can only be seen as an initial benchmark
for the empirical relationship between taxes actually paid and economic income. We shall

call this latter relationship the effective taz function.

A variety of research strategies are available to characterize empirically over time the
relationship between taxes paid and economic income to capture the effects of different tax
Jlaw regimes. One approach has been to utilize an index number measure of the pre and
post-tax distributions of income using, say, the Gini coefficient of income inequality, and

compare the calculated values across time.!

One can examine hypothetical i.e. ez ante changes in liabilities, at a moment. in time,

by recalculating taxes due, and summarizing the differences between actual liabilities and

IThere is a large and growing literature in mathematical statistics and public finance which develop
various summary measures of the vertical distribution of income and taxes. See, for example, Atkin-
son(1980), Kakwani(1977) King (1983), Keifer(1983), Pfingsten(1986), Suits(1977), and Lambert and
Aaronson (1993).



hypothetical or simulated liabilities. ? This methodology is routinely used by government
agencies, and utilizes complex microsimulation models which typically account for only a
few behavioral taxpayer responses.® The differential analyses usually performed through
such models use the statutory marginal tax rates rather than the effective marginal tax
rates to quantify revenue or burden distribution changes. While these models may be
suitable for the differential analysis required to assess changes in policy by focusing on the
effects of perturbations on the “status quo”, they do not provide a total “picture” of the

tax system across time.

Another approach is to look directly each year at average tax payments by economic

income strata, or at shares of taxes paid each year by income deciles.

Most recently, Young(1988, 1990) and Berliant and Gouveia(1993) have theoretically
derived specific functional relations between taxes and income which are consistent with
legislators implicitly favoring tax systems based on the theory of equal sacrifice. Under

this approach, one compares the parameters of the function across time.

It should be noted that the statutory and effective tax functions differ for two rea-
sons. First, taxable income varies markedly from economic income under most income tax
laws; typically economic income is reduced substantially by a large number of exclusions,
deductions, and the provision of personal exemptions. Further, gross taxes due differ from
net, taxes by various credits. Second, to the extent that taxpayers alter their behavior in
response to the differential treatment of certain sources of income and/or the provision of
tax credits, there is reason to expect that the effective tax function, an ez post concept,

will differ from the statutory tax function.

With a statistically estimated effective tax function, which relates effective tax rates
to economic income, we can readily examine and test statistically for changes in the shape
of the relationship between taxes and economic income over time. Qur purpose below is to
implement empirically, and thereby demonstrate the utility of, the statistical estimation of
such a specific functional form for successive cross-sections of U.S. data for a particularly

tumultuous period in American tax history, 1979-89.

Statistically estimated effective tax functions for each year allow us to graphically

2There are many examples of er ante examinations of tax policies. See, for example, Kiefer and Nel-
son(1986), Gramlich, Kasten and Sammartino (1991), Kern(1990), Scott and Trieste(1993 ) for ez ante
studies of the effect of the Tax Reform Act of 1986.

3See National Research Council [1991], Chapter 8 for a discussion of these issues.

4For a lively account of the changes in tax policies in the 1980’s, see Steuerle(1992).



display the changing nature of the Federal personal income tax for the period 1979-89.
Further, the estimated effective tax functions in hand, allow us to answer readily a number

of important questions about the U.S. individual income tax during this period:
1. Have its disincentives on economic activity increased/decreased over time?
2. How much does it contribute to income redistribution over time?
3. How has its fiscal revenue productivity been changing?

4. Has the overall pattern of effective tax rates become more/less widely dispersed over

time, perhaps indicative of changes in horizontal equity?

We shall answer the first question by computing the average marginal tax rate. This
statistic can be considered a measure of the marginal distortion introduced by the income
tax system in a representative taxpayer’s behavior. The Statistics of Income data which
we employ allows us to compute directly the average marginal statutory tax rate. By using
our estimates of the effective income tax function, we are also able to present estimates of

the average marginal effective tax rates.

These effective averages are lower than the statutory averages, and they exhibit a
downward trend from 1980 to 1986, reversed in 1987.° Interestingly, this reversal occurs
despite the fall in statutory marginal tax rates. This could be interpreted as a sign that the
tax reform of 1986 was successful in eliminating some tax incentives/loopholes, and was
successful in broadening the income tax base. Alternatively, 1987 may be an anomaly due
to capital gains adjustments made by the taxpayers in 1986. But the effects of the reform
seem to have been short lived: the results for 1988 and 1989 show a return to pre-reform

levels.

The second and third questions are both related to the progressivity of the income
tax. While direct measures of progressivity are not. presented, we concentrate here on the
implications of progressivity for income inequality reduction and revenue responsiveness to

income changes.

The second statistic is the mean elasticity® of after-tax income with respect to before-

tax or gross income. The information provided by this elasticity can be best seen as follows:

5The reversal occurs for the more important concept used, the income weighted average of the effective
marginal tax rates. :

6Mean elasticities may obscure variation across income groups but they provide a summary measure
helpful in performing chronological comparisons.



if one starts with a given hefore-tax income distribution, the after-tax income distribution
will be less “unequal” the smaller the elasticity is. A proportional tax system has a unitary
elasticity and a progressive tax system has an elasticity below one. The empirical results
show that this elasticity is less than one, but also that it increased from 1980 to 1989, with

an exception in 1937.

The third statistic we compute is the income elasticity of the revenue raised by the
individual income tax. This elasticity gives the percentage increase in revenue when all
individual incomes increase by one percent, and has often been described as the built-
in flexibility of the income tax. The empirical results show that this elasticity has heen

decreasing since 1979, although not in a monotonic way.

When looking at the three statistics mentioned ahove, one should keep in mind that
they result not only from the properties of the effective tax functions but also from the
characteristics of the contemporaneous income distributions. With the knowledge of the
effective tax functions, it hecomes possible to separate the roles of the individual income
tax system on one side, and of the income distribution on the other, in generating the
aggregate statistics we often encounter in public policy discussions. In particular, we can
easily perform (static) counterfactual analysis: had the effective tax function stayed the
same, how would results change with a different distribution of income? This should be

seen not as forecasting exercise (for which we would need also to account for behavior

Finally, our answer to the dispersion or horizontal equity question is based on the
mean squared error (MSE) of the estimated tax functions. Despite several limitations that
we will discuss later on, we suggest that the MSE can help measure the horizontal inequity
of the income tax system. We find that the horizontal equity characteristics of the federal
individual income tax have been fluctuating during the period covered by our study. The
immediate impact of the 1986 reform was a reduction in horizontal inequity. However the

situation worsened after 1987.

We should also note that the use of regression analysis has several advantages over the
traditional method of computing average taxes for given intervals of the income distribution
(e.g. deciles).i In particular, using the regression estimates we can compute average taxes
for any income level, and it is easy to do statistical inference and testing. We also have a
simple way to estimate marginal taxes and elasticities. Additionally, a regression handles

better the nonlinearities in the data. That becomes important when the income intervals



are large, as is typically the case with the top quintile or decile.

The organization of the paper is a follows. Section 2 discusses the measurement of
income and taxes. Section 3 presents the functional form used for the effective tax function
and the results of its non-linear estimation. In Section 4 we use our estimates of the effec-
tive average tax functions, redistributional effects, a regression-bhased index of horizontal

inequity, and revenue elasticities. Section 5 concludes with suggestions for future research.

2 The Measures of Income and Taxes

This section discusses the data empirically investigated below and discusses the op-
erational definitions of the main concepts used in the paper. To estimate the effective
individual income tax functions we use individual income and tax data routinely made
available in anonymous, public use samples of tax returns by the Statistics of Income Di-
vision of the Internal Revenue Service. These samples contain tax return data for large

(ahont 100,000 per year) cross-sections of taxpayers.

We take the tax return as the unit of analysis and we include in our income definition
all sources of income identifiable from tax returns: labor income, interest, dividends, capital
gains (“grossed up” before exclusions whenever applicable), rents, royalties, pensions, sole
proprietorship income, and farm income. Income sources not recorded for federal tax
purposes are excluded. ” The income concept used here is not as broad as in some previous
studies, such as those using the MERGE microfile. ® However, it has the advantage of being
measured without noise (other than the one introduced by the collection process) since no
imputations are used. Unlike those studies we do not assign to a taxpaying unit additional

income to attempt to replicate the National Income and Product Accounts aggregates. °

On the other hand, the income concept used here is much closer to any reasonable

notion of economic income than the often used Adjusted Gross Income (AGI). 0 It is

"This category consists of non-market income (production for self-consumption, services of owner-
occupied housing, etc.) and excluded income (some types of cash and noncash transfer income, interest on
state and local bonds and unrealized capital gains}).

8See Pechman (1983), (1985, p.11-14).

9The income concept used averages 57% of GNP, 71% of National Income and 81% of Personal Income
concept in the national income accounts, net of government transfer payments. See Berliant and Strauss
(1985, 1991) for more details.

10AGI excludes a substantial portion of the capital gains, interest, pensions, Social Security benefits,
unemployment compensation and other income actually reported in tax returns. Furthermore there are
IRA and Keogh exclusions, exclusions for working couples, etc....All theses are included in the analysis.



similar to the notion of Expanded Income used in Slemrod (1992), Joint Committee on

Taxation (1993), and in many other studies of tax return data.

The definition of tax that we use in this paper corresponds to a strict notion of income
tax. We adopt a liability concept (instead of a cash concept) that avoids problems with
late payments, fines, etc. We also exclude from our definition sums that pertain to Social
Security obligations, even though they may be processed by the income tax system. We use
a net tax definition, where we take account of all credits and look only at final liabilities.
However, we only deal with non-negative taxes. The earned income credit is only accounted
for to the extent that it causes a reduction in tax liabilities. This is an arbitrary choice,
but since we are not studying the complete redistributive system (means tested income
transfers are obviously not included in the analysis) we had to draw a line. We also limit
our study to a sample with ohservations having income ahove a minimum level of $ 3,000.
The same strategy has been followed before by papers dealing with similar data (Young
(1990)).

3 Specification and Estimation of Effective Income
Tax Functions

3.1 The Functional Form

Very little work has been done concerning non-linear functional forms adequate to
the statistical estimation of the effective income tax function. This means two strategies
were possible: one could look for functional forms based only on statistical goodness-of-fit
criteria, or one could find a theoretical model with specific implications for the functional
form of the tax function and estimate the resulting functional form. As it turned out these
two strategies are not in conflict. We shall utilize a functional form based on modern
developments of the theory of equal sacrifice, in particular Young (1990) and Berliant and
Gouveia (1993), and contrast the goodness of fit results to those obtained from a very

general, six parameter, fifth-order polynomial regression in the same variables.

After showing, in his earlier theoretical work, that the principle of equal sacrifice

can be axiomatically justified as the solution to a cost sharing problem, Young presents

1There is no advantage in including very low incomes in the analysis since our estimates of the effective
tax function are likely to be biased for very low incomes, given that we lack information on non-filers.
However, that omission should not be a serious problem for most of the income distribution range.



tax functions constructed from applying the equal sacrifice principle to isoelastic utility
functions, u = —c™? where u is the level of utility, c is a level of consumption, and p is
a parameter. The principle implicitly defines the tax function that causes a sacrifice of s

from economic income, ¥y, as the solution to
-y P+ —Hy)) P =,

from which we find the total tax function

The average tax function is then:
T=1-[sxy?P +1]7/7.

The tax function defined above does not take into account possible incentive effects
of, say, taxation on labor supply or risk-taking. It has asymptotic marginal and average
tax rates of 100 percent which might readily affect willingness to work or risk-taking. More
recent developments, Berliant and Gouveia (1993), integrate the notion of equal sacrifice
with the literature on optimal income taxation by having endogenous labor supply. As
an approximation to incentive compatible equal sacrifice tax functions, we angment the

specification with one parameter, b.

The equation we estimate statistically is:

atr =b—bx(s*xy? +1)"VP 4 ¢, (1)

where y is economic income; atr is the average tax rate; b, s, and p are parameters to bhe

estimated; € is an additive statistical disturbance.

The specification above implies that taxes are proportional to classical equal sacrifice
taxes, with the factor of proportionality being measured by the parameter b. 2

Notice that p 4+ 1 is the elasticity of the marginal utility of consumption. This is
also the coefficient. of relative risk aversion, or the inverse of the intertemporal elasticity of

substitution.

12With this specification, the asymptotic average and marginal tax rate is bx100 percent. Charles Boyton
suggested it could be interpreted as the maximum politically feasible tax rate.



There is at least one alternative interpretation that also justifies theoretically equation
(1). It may be interpreted as a classical equal sacrifice tax function when there are substan-
tial costs, other than the tax payment proper, that are horne by the taxpayer. An example
would be the case of compliance costs. (1) holds exactly if these costs are proportional to
tax payments.

While we can motivate (1) by appealing to the theory of equal sacrifice, we also
would like to contrast it to another statistically estimated functional form. The problem
is to choose another on some reasonable hasis to estimate. Weierstrass’ approximation
theorem!?® suggests that a high order polynomial can provide a very close approximation
to an underlying functional form. Wooldridge (1992) also snggests exploring higher order
polynomial regression models to contrast with non-linear functional forms analogous to (1)
above. We found that a polynomial of degree five could be statistically estimated without

singularity problems, and below contrast the goodness of fit results of (1) to those from:
atr =0+ 0%y + 0y + Oy + Oyxy* +05%9° +6 (2)

3.2 Estimation and Results

The parameters in (1) were estimated hy weighted non-linear least squares using SAY’
Proc NLIN and NLIN’s Gauss-Newton method. We assumed ¢ is uncorrelated with the
regressors. The weights used are the ones included in the SOI data files, and are related
to the stratified nature of the sample.!* The residuals were saved, and used to compute

Breush-Pagan test statistics for heteroskedasticity described in the appendix.

The main results obtained are summarized in Table 1.

13Gee Johnston (1984), p.353.

14Gtandard results in sampling theory (Neyman’s allocation) suggest higher sampling rates for strata
with higher variances. In that case the optimal correction for heteroskedasticity is to run regressions
weighted by the inverse of the sampling rate. We interpret the fact that this correction works as evidence
that optimal stratification procedures were followed.



Table 1: Statistical Fstimation Results

N P s b B | R?

Year |  [2] 3] 4] 5] 6] | [7]

1979 | 181,555 | 817  .022 479 | 558 | 346
(.0041) (.0002) (.0046)

1980 | 149.215 | 829  .023 455 | .558 | .406
(.0047)  (.0002)  (.0044)

1981 | 124,380 | 938 .031 331 | 499 | .243
(.0075)  (.0003) (.0027)

1082 | 74,237 | 018 031 298 | .492 | .154
(.0095)  (.0003) (.0032)

1983 | 108,442 | 890  .033 262 | 445 | 142
(.0084) (.0003)  (.0024)

1984 | 71,766 | 899  .029 262 | 373 | 127
(.0118) (.0004) (.0036 )

1985 | 97,164 | 800  .031 275 | .386 | .125
(.0084) (.0003) (.0034)]|

1986 | 67,650 | .887 032 236 | .327 | 074
(.0134) (.0005) (.0031 )

1987 | 96,013 | .726 023 342 | 358 | .76
(.0072) (.0003)  (.0055)

1088 | 84,085 | .752 1029 276 | .372 | .103
(.0081) (.0004) (.0035)

1989 | 84,326 | 768 .03l 258 | .255 | 072
(.0114) (.0005) (.0041)

Standard Deviations in Parenthesis

All coefficients are significant at the usual 5 percent confidence level. The R*’s reported
were computed from the SAS output files as one minus the ratio of weighted sum of residual
squares divided by the corrected total weighted sum of squares. To provide a check on the
adequacy of the functional form used, we also present the R? of regressions with the same
data using a fifth order polynomial on income (6 parameters) in column [7] of Table 1, R3.
The R*s from our 3 parameter non-linear regression are always substantially higher than

those for the polynomials. '® In Section 4.6 we will examine in more detail the evolution

15Notice that the R?’s are for average tax functions. The matching R?’s for total tax regressions are
much higher but these specifications lead to heteroskedasticity problems.
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of the R?’s and provide a possible interpretation for their decline.

In terms of interpreting the parameter estimates, we can see that the implied estimates
of the intertemporal elasticities of substitution (1/1 + p) fall between .51 and .58. These
valués are very similar to estimates from asset-pricing studies.!®

As for b, ’the maximum effective tax rate, we see that it declined from the early to the
latest years in our data. However, it is interesting to note that this rate increased from
1986 to 1987, despite the fall in the maximum statutory tax rates brought by the 1936 tax
reform. This could be interpreted as a finding that the base-broadening efforts of the tax

reform were successful. That issue will come up again in the next section.

4 Interpretation and Applications

4.1 Chronological Comparisons

The estimated effective average tax functions are depicted in Figures 1 to 5. The tax
functions were estimated with current income, but for the purposes of making graphical
comparisons meaningful we adjusted for changes in the price level as measured by the
(Consumer Price Index, taking 1990 as the hase year. The reader should also keep in mind

that the results apply to the population of taxpayers with non-negative taxes.
( Figures 1 to 4 about here )

Visual inspection of these graphs reveals the principal finding that will be corroborated
later in the paper with the calculation of average marginal tax rates and two average income
elasticities. This finding is that the average tax rates for high incomes have been declining. -

This decline occurs even in years with no changes in statutory tax rates.

An exception to this trend is illustrated in Figure 1, which shows that from 1979

to 1980 there was a tax rate hike, statistically significant 7 for incomes below $170,000.

15Gee, for example, Hall (1988).

1"The non-linear least squares parameter estimates are asymptotically normal (see Judge et al (1985), p.
199). That allows us to use a Taylor expansion of the regression equation to perform significance tests on
the differences of predicted average tax rates for different years, conditional on a given real income level.
The significance statements refer to tests carried at 95% confidence and applied to incomes up to $250.000

(at 1990 prices).
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This was followed hy a “twist” from 1980 to 1931 where the tax rates decrease for higher
incomes taxpayers but increase for others. Decreases in tax rates are statistically significant
for incomes above$110,000 and increases in tax rates are statistically significant for incomes
helow $45,000.

There were no major changes in tax law during the 1979-1980 period.’® Most likely,
the principal reason for the finding reported above is that inflation pushed taxpayers up

the bracket ladder, the infamous “bracket creep”.

The 1981 twist is due to the overall tax rate cut brought by the Economic Recovery
and Tax Act of 1981. This finding seems to confirm an idea advanced, among others, by
Clotfelter (1984) that trying to counteract the effects of inflation on the tax system mainly
by tax cuts (as opposed to acting throngh the adjustment of the zero-bracket or exemption
limit) tends to make the tax system less progressive.

Figure 2 traces the evolution of the effective tax function in the period between tax
reforms, 1981-1985. Fiffective tax functions fall from 1981 to 1983, with statistically sig-
nificant drops in both 1981-1982 and 1982-1983. They stabilize in the period 1983-19%5,
with no statistically significant changes. These results are not surprising since statutory
tax rates declined during the early part of this period due to the Economic Recovery Tax
Act of 1981. Also, we had a return to lower inflation levels.

Fxamining Figure 3, we see that from 1985 to 1986 there is another fall in the effective
tax function, no doubt a reflection of the massive realizations of preferentially treated
capital gains occurring in anticipation of the tax code changes. However, the fall is only
statistically significant for incomes above $145,000.

The Tax Reform Act of 1986 appears to be a second exception to the systematic trend
noted above. Figure 3 documents that the effect of the Tax Reform Act of 1986 was to
shift up the average effective tax function for higher income levels. In fact, tax rates fell
for incomes below $75,000, although not in a statistically significant way, and increased
for incomes above that threshold, with statistically significant increases for incomes above
$145.000. One possible interpretation, in addition to the timing effects on the realization
of capital gains, is that despite the cut in tax rates, income tax bhase broadening worked

quite effectively, with resulting increases in effective rates.

However, the 1986 tax reform seems to have had only short term effects in increasing

effective rates for high incomes. According to Figure 4, the effective tax functions for 19838

18Gee Pechman (1987, p. 318)

11



and 1989 show a return to pre-reform levels.

The 1989 effective average tax function is remarkably similar to the one for 1986, with
no statistically significant differences for all income levels above $10,000.

A point worthwhile making is that the changes shown in Figures 1 through 4 can
partially be explained by the ability of economic agents to adjust, given time, to changed

tax structures and economic environments. '* This holds, in particular, after tax reforms.

4.2 Statutory versus Effective Tax Functions

The premise of this paper is that there are substantial differences between the statutory
and effective tax functions. This section provides graphical evidence to that effect. Figures
5 to 7.b show statutory average and marginal tax functions for 1979, 1985, and 1989%¢ and

contrast these functions with their effective counterparts.
(Fignres 5 to 7.h about here)

The graphs show that effective functions are below statutory functions. Furthermore,
for 1979 and 1985, they show that the vertical distance between each pair of “statutory-
effective” functions increases with the level of income. The 1989 case is more complex: the
vertical distance increases with income initially but tends to decrease for higher income

levels.

Now that the substantial differences between statutory and effective functions have

been illustrated, it is time to examine the properties of the later.

4.3 Effective Average Marginal Tax Rates

19We are indebted to an anonymous referee for suggesting this and other interpretations in this section.

20For 1979 and 1985 the statutory taxes apply to a married couple with two dependents filing jointly.
We do not take the Earned Income Credit into account and we assume the couple claims the standardized
deduction. For 1989 the marginal and average tax functions are shown separately, and we also include the
statutory functions for a single taxpayer using the standard deduction.

12



Since Barro (1979), macroeconomists have been studying the problem of the aptimal
timing of taxes. The literature shows that it is optimal to smooth marginal tax rates across
time. In models with a stochastic environment, this principle implies that marginal taxes

follow a random walk.

Even without the motivation given by Barro’s theory. the average marginal tax rate
seems of interest for several reasons. For economists trained in the tradition of marginal
reasoning, the so-called fiscal pressure (the ratio of total taxes to GNP) is not extremely
informative of the degree to which the government affects the allocation of resources in an
economy. Marginal tax rates seem to be a much more interesting variable to look at.?! The

problem is that they will not be found in the usual statistical sources.

In this section we report our computations of the average marginal tax rate for the
federal individual income tax, using the tax functions estimated previously. In the in-
terpretation of our results it is important to keep in mind that the evolution of average
marginal tax rates is influenced but not perfectly controlled by government policy. Changes
in demographics, industry and occupational structures, etc., will also affect our findings.
Our main purpose here is measurement rather than explanation, but in Section 4.6 we will

briefly comment on the role of demographics.

The first issue that must be addressed is to determine exactly what is the correct
operational definition of the marginal tax rate. Is it the marginal tax rate computed from
the effective income tax function or the statutory tax function? Seater (1982,1985) argued
in favor of the tormer but Barro and Sahasakul (1983,1986) defended the later. Fortunately,
we are able to present computations for both types of average marginal tax rates. The
statutory marginal tax is one of the variables in the SOI data sets. Given a taxpayer’s
income, our estimates of the tax function allow us to estimate the corresponding effective
marginal tax rate. The second issue that must be dealt with is aggregation. In the particular
case of marginal tax rates, this means that there may be different averaging procedures that
are desirable for different situations. To make this point more transparent let us illustrate
the question with two examples. The first example is labor supply. Suppose we are trying
to estimate an aggregate model of lahor supply (e.g., a Lucas-Rapping model) and that we
want to specify the correct net wages. What type of average of marginal tax rates should we

use? Absent prior knowledge about heterogeneity in labor-leisure preferences, a reasonable

21For example, deadweight losses depend on the square of the marginal tax rate. If the average tax rates
underestimate the marginal tax rates, the problem is compounded when trying to get a measure of excess
burden.

13



answer is that one should use simple averages of the marginal tax rates. Aggregate lahor
supply is measured in terms of time allocated to work and, in principle, all the agents in

an economy have the same endowment of time.

For a given tax function #(y) and a population of taxpayers ¢« = 1,...N, average tax

revenue 1s:

Similarly, we can define the average marginal tax as:

N

MTSA =) #(y:)/N. (4)

=1

where MTSA is the simple average marginal tax and #(y) is the marginal tax rate as a

function of income.

The second example is saving. On average, agents with higher incomes save more. If we
are including a marginal tax rate in a model explaining aggregate saving it seems reasonable
to use an income weighted average marginal tax rate. This is generally considered to be the
most relevant operational definition of the concept of average marginal tax rate. Using an
optimal growth model, Easterly and Rebelo (1993) proves that this income weighted rate
is the statistic summarizing the fiscal system that appears in the equation determining an

economy’s growth rate. Formally, this income weighted average marginal tax is given by:

N
=1 U{vi)yi -
MTWA = _Z_:m_lﬂ_(l_)l_ (5)
=1 yl
The effective marginal tax functions used come from the estimates of (1):
Py) = b(L = (3 +y) 7P D ay17), (6)

where the “hats” denote statistical estimates of the parameters.

14



Table 2: Average Marginal Tax Rates

Year  Statutory Effective Statutory Effective
Simple Rate  Simple Rate  Weighted Rate  Weighted Rale
1979 226 167 302 222
1980 .236 175 317 231
1981 .246 175 331 223
1982 224 158 300 202
1983 .206 142 281 182
1984 195 134 274 AT7
1985 .200 134 278 176
1986 199 133 287 173
1987 181 132 244 184
1988 77 130 .238 A77
1989 178 131 238 174

In Table 2 we present our estimates of the 4 types of average marginal tax rates.?
Table 2 points to a declining trend for almost. all effective marginal rates considered. There
are two major exceptions when the income weighted tax rates have gone up. The first
exception is the increase from 1979 to 1980, for which we have already advanced “bracket
creep” as the explanation. The second exception is the increase in the effective income
weighted rate after 1986 to 1987, no doubt an effect of the 1986 Tax Reform Act.?® The
results for 1988 and 1989 point to a return to the declining trend mentioned above. Notice

also that the effective unweighted rate has been declining since 1981.

4.4 Effects on the After-Tax Income Distribution

Effective tax function estimates can be used to provide measures of the impact on the
distribution of net income of the tax system. A simple measure was suggested by Musgrave
and Thin (1948), and studied by Jakohssen (1976) and Pfingsten (1986), among others:

22All estimates in tables 1-4 use sampling weights so as to replicate the overall population of taxpayers.

23The average tax rate decreases in 1987 because the tax reform increased exemptions substantially.
Except for those that no longer pay taxes, that change had little direct effect on marginal tax rates and
that effect was more than compensated by base broadening for higher incomes.



the elasticity of after tax income = = y — #(y) with respect to gross income y, also called

residual income elasticity.

According to Jakobssen (1976), this elasticity evaluated at a given point provides a
local measure of the distributional effects of the income tax. A tax system where this
elasticity is everywhere below one generates an after-tax income distribution that Torenz
dominates the hefore tax income distribution. An elasticity smaller than one also implies
a progressive tax system, i.e., one where average tax rates increase with income. The lower

the elasticity the larger the equalizing effects on the distribution of income.

An intuitive explanation of why this elasticity measures the equalizing effect of the
income tax system relies on the notion that a tax with an elasticity less than one compresses
the income distribution, in the sense that all agents have incomes “closer together” after
taxes are paid. A statistical illustration of the concept can also be provided. The standard
deviation of the logarithms of income is an commonly used measure of inequality. Then,
a tax system with a constant residnal income elasticity of .9 operates a 10% reduction of
inequality, according to the measure above, while an elasticity of .95 only reduces inequality
by 5%.

Any aggregate measure of progressivity has the problem that it will generally hide
variations in progressivity across income groups. However, it is useful to have a single
aggregate index allowing quick comparisons and a first look at the data. To meet those
needs, Pfingsten (1986) proposed and axiomatically justified the average of the individnally
calculated residual income elasticities as a global measure of the distributional effects of the
income tax as a whole. To formalize this concept, consider a parameter 8, that multiplies
all the y;’s. The elasticity of after-tax income with respect to 6, evaluated at # = 1 provides

a convenient formulation of the residual income elasticity that we are looking for:

dr0. o1 1-t(y) |
(Fg3)e=1 = 2 N 1= f(y) (7)

where f(y;) and t'(y;) are, respectively, the average and marginal tax rates.

The problem is that unless an effective tax function is estimated and used, such mea-
sures will not be applicable: for each level of income there is an interval of average tax
rates we can observe in the data. Which one should we use for our computation? The
intuitive answer to this question is the mean. That corresponds precisely to the effective

tax function estimate.
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The second column in Table 3 presents our computations of the average elasticity.

Table 3: Income Flasticities

Residual Income  Elasticity of Revenue
Year Elasticity with respect to Income
1979 .928 1.533
1980 925 1.515
1981 928 1.447
1982 .936 1.430
1983 945 1.403
1984 947 1.412
1985 .949 1.394
1986 .950 1.349
1987 949 1.416
1988 952 1.357
1989 953 1.349

Table 3 shows that the federal individual income tax is Moving towards less compres-
sion of after tax incomes. The Tax Reform Act of 1986 causes an interruption in that
movement. However, after a minute decrease in 1987, the elasticity returns to its previ-
ous upward trend in 1988 and 1989. To get a quantitative idea of what these estimates
mean, one can do a “back of the envelope” calculation, using the standard deviation of
the logarithms of income as measure of inequality and the assumption that the elasticity
is approximately constant at all income levels. That allows us to say that the income tax
reduced inequality by about 7.5% in 1980 but only by 4.7% in 1989.

4.5 Revenue Elasticities

From the perspective of an administration preparing a budget, the effective tax func-
tion can be seen as a production function, mapping from an input set (the distribution of
incomes) to revenues. Naturally, questions about input productivity arise. The simplest
of such questions is to study the marginal relation between aggregate income and revenue.
Waldorf (1967), Pechman (1973), and Fries, Hutton and Lambert (1982) among others

examined this relation at an aggregate level.
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We are interested in computing the elasticity of fiscal revenue with respect to income.
We can use the technique employed in equation (7) and define such elasticity as the elasticity

of R with respect to #:

4o R . R-N ? (R)

=

where By, = d;‘;‘) t(y?) is the elasticity of the tax function with respect to income evaluated

at each taxpayer’s income level. The aggregate elasticity is thus a weighted average of
the individual elasticities where the weights are the tax payments. Thus, this elasticity is
necessarily greater than one for progressive tax systems. This last fact implies that inflation
increases fiscal revenues in real terms, a phenomenon widely discussed in more inflationary
times and known as “bracket creep”, which as we have seen was probably the single most

important force affecting income taxation in the early years of our sample.

The income elasticity of fiscal revenue is of obvious importance when calculating rev-
enite forecasts. Given a tax structure, governments preparing budgets would like to know
how projected changes in the price level and in real incomes affect fiscal revenue. A naive
way to handle the problem is to use the statutory marginal tax rates to compute the changes
in revenues associated with individual income changes. However, this method neglects the
simple fact that the effective marginal tax rates are different from the statutory tax rates.
After all, if the income of a taxpayer increases, it is natural for that taxpayer to adopt the
tax avoidance behavior previously displayed by taxpayers in a similar situation. For this
reason it makes more sense (and it is a better budgeting procedure) to use effective income

tax function estimates to perform this type of analysis.?*

The last column in Table 3 shows our estimates of the elasticity of fiscal revenue with
respect to the income distribution, computed by using our estimates for the effective tax
function. The procedure followed to calculate the elasticities was straightforward: we com-
puted the predicted tax revenue for the initial income distribution and for a second income
distribution obtained from the first by multiplying all incomes by 1.01. The percentage

revenite change obtained is the elasticity.

One should point out that it would not. be appropriate to use the estimates of marginal

tax rates computed in Section 4.4, since they were designed with different. purposes in mind.

24The results of this exercise could be useful to check revenue forecasts produced by more sophisticated
models taking into account the endogeneity of credits and deductions.
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If data availability precludes the use of the method employed above, the correct elasticity
must be computed using a weighted marginal tax rate where the weights are the total tax

payments of each agent as indicated above.?®

The results in Table 3 point to a declining trend in the “built-in” flexibility of the
individual income tax. That agrees with the overall decline in progressivity that occurred
in the last decade.?® Again, there seems to be a short lived effect of TRA 86 in 1987,
followed by a return to the declining trend.

4.6 Changes in the Dispersion of Effective Tax Rates in the Tax
System

As noted earlier, one can see in Table 1 a decline in the R?’s of the regressions. This
decline cannot be explained by a progressive inadequacy of the equal sacrifice tax functions

because the same decline in R?’s is also present in the case of the polynomial regressions.

Here, we suggest that the mean squared error of tax regressions can be given a standard
public finance interpretation. Horizontal equity typically refers to the extent to which
taxpayers with the same characteristics are taxed in the same way. In a system with perfect
horizontal equity, if we specified a regression with the correct functional form and took as
explanatory variables the characteristics deemed relevant for equity purposes, perfectly
measured, there should be no regression residuals. All taxpayers with the same ability to
pay (and same additional characteristics) would pay exactly the same taxes. The extent
to which the tax system departs from this extreme case can be quantified by the Mean
Squared Error (MSE) of the regression.?”

In the case of our analysis, the ideal conditions mentioned above are not met. De-
spite our efforts, we cannot claim to have perfect income measures, and the regressions
performed do not make distinctions among taxpayers with different characteristics (apart

from income). 2

250n this point see also Auerbach (1988).

28E]asticity values are lower than the forecasts in Pechman (1983).

27This measure has an obvious visual appeal. See Paglin and Fogarty (1972) for an early application of
this approach.

28 Additionally, there is the problem of how to account for differences in needs across taxpaying units.
For example, in the case of family size, the standard procedure in most tax systems is to have a variable
nurber of exemptions. However, the standard procedure in economic analysis for taking household size
into account is quite different, relying on the use of equivalence scales. See, for example, Slesnick (1993).
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For these reasons we do not consider our mean squared errors to be rigorous measures
of the levels of horizontal inequity. However, if the reader is willing to accept the income
measures as reasonable and that the distribution of need or demographic characteristics of
the population does not change materially every year, then fluctuations in the MSFE can
be viewed as indicative of the direction of change in the horizontal equity properties of the
tax system. %°

Sys

Table 4 includes the MSE of the regressions, the mean and standard deviations of
household size, and the mean and standard deviation of a variable that measures one
possible “needs” characteristic of the taxpayer population: the number of exemptions (other

than age or blindness) claimed in each tax return.*

Table 4: Horizontal Equity Results

Year | Number of Exemptions Household Size Regression
Mean Std. Dev. Mean Std. Dev. M.S.E.
1979 2.367 1.443 2.294 1.514 0.0019
1980 2.353 1.435 2.237 1.496 0.0020
1981 2.328 1.420 2.178 1.476 0.0025
1982 2.315 1.409 2.168 1.472 0.0021
1983 2.306 1.401 2.162 1.470 0.0020
1984 2.229 1.332 2.100 1.449 0.0027
1985 2.219 1.312 2.056 1.434 0.0023
1986 2.196 1.306 2.028 1.424 0.0030
1987 2.085 1.401 2.015 1.419 0.0027
1988 2.066 1.385 2.004 1.416 0.0023
1989 2.037 1.373 1.940 1.393 0.0040

Sources: Statistical Abstracts of the U.S. and own calculations from SOI.

An inspection of Table 4 reveals familiar facts: mean household size in the U.S. has
heen declining and so has the household size standard deviation. Something similar happens

to the average number of exemptions claimed by tax return.

Z9Note also that, since the dependent variable is an average rate, the MSE does not depend on the units
of measurement for income and taxes, and in particular on changes in the price level.

30Exemptions for age and blindness were substituted by other tax code provisions after the 1986 tax
reform.
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Here, we should notice that the largest fall in the number of exemption occurs in
1987, after the 1986 reform made it necessary to provide a social security number for each
exemption claimed. Remarkably 1987 is also the only year where household heterogeneity
increased, as measured by the standard deviation of household size. Except for 1987, we

then find a smooth evolution of household composition, incapable of explaining the changes

in the MSE’s of the regressions to which we now furn.

The early years in our data have on average lower MSE’s, which leads on to think that
horizontal inequity has been on the rise. In fact, there are fluctuations that make this only
a tentative conclusion. The results for 1987-89 are particularly surprising since they point
to growing horizontal inequity after the Tax Reform Act of 1986. But the decline in the
MSE from 1986 to 1987 shows that the direct impact of the reform was beneficial. That is
even more surprising when the parallel increase in the standard deviation of exemptions is

taken into account.

These results, though by no means definitive, point to a negligible role of changes in
the demographic characteristics of the taxpayer population in explaining the changes in the
MSFE’s of the tax regressions. The question of what are the forces underlying those changes
is outside the scope of this paper (hence the word exploratory in the title of the paper),
but one cannot help but to advance the hypothesis that these changes may be related
to genuine movements in horizontal inequity caused, among other things, by nonuniform

intensity in the use of tax avoidance strategies.

5 Conclusions and Suggestions for Future Research

In this paper we present estimates of the effective income tax functions for the federal
individual income tax for 1979 to 1989. A simple functional form, based on theories of
equal sacrifice, proves to handle the data in a satisfactory way despite the non-linearities

intrinsic to the relation bhetween income and taxes.

The major empirical finding is that the effective income tax function exhibits a trend
toward less progressivity for the years studied. This happens in the form of a systematic
reduction in tax rates for higher incomes, and such a trend was maintained after the Tax
Reform Act of 1986. This general conclusion is also valid for indexes that measure the
redistributive impact of the tax system (the elasticity of after-tax income with respect to

hefore-tax income) and the revenue effects of the system (the elasticity of fiscal revenne with
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respect to before-tax income). If we interpret the mean squared error of these regressions
as providing information on horizontal inequity, then we find that the immediate effects of
the 1986 reform were positive, i.e., there was a small decline in the MSE’s, but we also find

a increasing horizontal inequity after 1987.

Our work suggests directly three topics of research. The first is the estimation of
equal sacrifice tax functions using measures of lifetime income and taxes, along the lines
of Slemrod (1992). The second topic is the refinement of the tax function specification
by introducing explicitly variables measuring the demographic and need characteristics of
each tax unit. This would improve the goodness of fit of the regressions and would allow a
better analysis of horizontal equity. The final suggestion is to extend this methodology to
the estimation of separate average marginal tax rates for different income sources, namely
labor and capital income. We think these extensions are likely to produce interesting new

results.

Appendix: Heteroskedasticity Tests

We performed the Breush-Pagan test for heteroskedasticity. This heteroskedastic-

ity test involves a linear regression of the squared residuals on income and income squared:

Res(atr) =c; + cay + 3y’ +w (9)

The test uses the fact that the quantity N x R%* (where both N and R? pertain to the
regression above) follows a x%Q) under the null hypothesis of homoskedasticity. These auxil-
iary regressions 3! have an R? near zero in all cases, so we do not reject the null hypothesis

of homoskedasticity.

31Not shown but available from the authors.
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Figure 2. 1981-1985 Effective Average Taxes
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Figure 6. 1985 Tax Functions
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Figure 7.b: 1983 Marginal Tax Functions
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