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ABSTRACT

This paper investigates the macroeconomic effects of cyclical fluctuations in marginal
tax rates. It finds that systematically including tax variables in a standard real
business cycle model substantially improves the model’s ability to reproduce basic
facts about postwar U.S. business cycle fluctuations. [In particular, modeling
fluctuations in personal and corporate income tax rates increases the model’s
predicted relative variability of hours and decreases its predicted correlation between
hours and average productivity. Fluctuations in tax rates produce large substitution
effects that alter the leisure/labor supply decision.
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1. Introduction

Are movements in taxes important sources of cyclical variation in postwar
U.S. data? This study provides evidence that the answer is, yes, taxes are quite
important. In the course of making this point, I solve two empirical puzzies.

One puzzle concerns the correlation of wages and employment. Work on
postwar U.S. data by Bodkin (1969), Geary and Kennan (1982), and Barsky and
Solon (1989) finds that wages and employment are roughly uncorrelated. These
results are at odds with real business cycle models, which predict a strong positive
correlation between wages, as measured by average productivity, and hours worked.,
Real business cycle models typically have a single shock to average productivity.
[See, for example, Kydland and Prescott (1982) or Long and Plosser (1983).] In
such a model, variations in technology act primarily to shift labor demand along a
stable Iabor supply curve, thus inducing a strong positive correlation between wages
and hours.

This line of reasoning suggests that the missing ingredient in real business
cycle models is something that shifts labor supply. If both labor demand and labor
supply shift, then the strong positive correlation between wages and hours can
probably be reduced. Several candidate labor supply shifters have already been
considered: home production, by Benhabib, Rogerson, and Wright (1991}; unobserv-
able shocks to preferences, by Bencivenga (1992); and government consumption, by
Christiano and Eichenbaum (1992),

Here the focus is on two other candidates: transient movements in tax rates
on both personal income and capital income. Both of these types of tax changes alter

the leisure/labor supply decision. A transient fall in the effective tax rate on capital



income increases the after-tax interest rate, which leads agents to work more today
and consume more leisure tomorrow. A fall in the wage tax also increases labor
supply. The rise in the after-tax wage induces an intratemporal substitution effect
which leads agents to work more today, while the wage rate is high.

Both forms of taxes are potential labor supply shifters, but have their
historical movements actually been great enough to offset the positive impulses
produced by shocks to average productivity? Yes. When fluctuating tax rates are
combined with shocks to productivity in a real business cycle model economy, it
predicts a weak negative correlation between the first-difference of average productiv-
ity and hours that is close to the value measured in the postwar U.S. data.

The other empirical puzzle I confront here concerns the relative variability of
hours worked and output, which most real business cycle models understate. One
solution to this puzzle is to model indivisibilities in labor. G. Hansen (1985), for
instance, captures the empirical volatility of hours in a model where agents either
work a fixed number of hours or are unemployed. An implication of Hansen’s
specification, however, is that those who are unemployed are better off than those
who work. [See Rogerson and Wright (1988) for a discussion of this implication and
specifications that avoid it.] The divisible-tabor specification presented here also
captures the observed relative volatility of hours to output.

In addition to these two particular moments, I use a variety of diagnostics to
evaluate the performance of the taxed economy along broader dimensions. These
diagnostics suggest that the second-moment properties of the taxed economy compare

favorably with the performance of a more traditional real business cycle model.



Taxes are found to be particularly important for understanding the comovements of
hours with other aggregate variables.

My study adds to other recent work on the role of fluctuations in tax variables
as sources of economic fluctuations. Chang (1992) focuses on the implications of the
differential tax treatment of equipment and structures and finds that movements in
effective tax rates on capital amplify fluctuations in investment. McGrattan (1991)
estimates a specification similar to mine using maximum likelthood and investigates
the cyclical properties and welfare costs associated with stochastic fluctuations in
distortionary taxes. In addition, several recent papers have considered issues related
to welfare costs of alternative tax programs in a stochastic environment. See, for
example, Bizer and Judd (1989); Cassou (1990); Chari, Christiano, and Kehoe
(1991); Cooley and Hansen (1991); and Greenwood and Huffman (1991) as well as
Chang and McGrattan.

The paper is organized straightforwardly. Section 2 describes the model;
section 3 outlines the estimation strategy and summarizes the estimation results; and
section 4 discusses the second-moment properties of the model and compares them

to those of an economy in which all taxation is lump sum. Section 5 concludes.

2. The model
Consider a collection of households who derive utility, u, from consumption,
¢,, and leisure, I, Assume that household preferences over consumption and leisure

can be represented by

Eo) Y Suc, [, (1)
=0



where

¢ = ¢py + 716Gy, 2)

T=n +1, 3)

and 8 is the discount rate. In this formulation, households have preferences over
both private consumption, cp,, and government consumption, G, which is assumed
to be uncontrollable by households. The substitutability properties of private and
government consumption are governed by the preference parameter, y,. (Capital
letters denote aggregate quantities expressed in per-capita terms.) Each household’s
total allocation of time, T, is divided between leisure activities and labor, n,.

The representative household’s wealth evolves according to

ep + ki < k + (I-rywn, + (1—r)(1 —7x)(r,—8)k, + TR,. @)

Here k, is the household’s holdings of the capital good which is rented to firms, r, is
the pretax rental rate on capital, 8 is the depreciation rate on capital, TR, is the time t
government transfer to the household, w; is the time t wage rate, and 7, and 7« are
the time t marginal tax rates on personal income and capital income.

This specification of taxes reflects the double taxation of capital income built
into the U.S. Tax Code, but the specification may overstate the overall tax on capital
income. For instance, the capital stock includes durable consumption goods which
are taxed at the corporate, but not the personal, level. To examine the role of this
assumption, I will also analyze what happens when (1 —7) enters the model only on

labor income.



In this economy, output, Y,, is produced by competitive firms using a

constant returns to scale production technology:
Y|, = F(KpNtsZt): (5)

where K, denotes capital input and N, denotes labor input. The final argument of the
production technology, z,, is a shock to average productivity. This shock is assumed

to exhibit stochastic growth:

In(z) = In(z,_;) + In(A), (6)

where A, is a stationary random variable. Aggregate allocations must satisfy this

feasibility condition:
K, = (1-89K +Y, —G —CP. )]

To complete the specification of the economic environment, I must specify

the government’s actions. The government’s time t budget constraint is
Tw N, + (7 +76—776)(r,— 0K, = G, + TR, t))

Here I take no position on the nature of the government’s objective function.
Instead, I use historical data to develop a statistical model of the feedback rule used
by the government. Exercises of this sort have been proposed and analyzed by
Sargent (1984). To capture the empirical characteristics of government policy,
assume that the vector process {Guﬂ-ﬂant} is stationary and ergodic and has this

autoregressive representation:
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where G, = G,/z,. The innovations »,, v, and ¢, are assumed to be stationary and
ergodic with the variance-covariance matrix V which satisfies det(V) < oo. Implicit
in this specification are the assumptions that marginal tax rates are stationary in levels
and government consummption is first-difference stationary and has a common trend
with z. Finally, given this description of the evolution of taxes and government
purchases, transfers are determined by eq. (8).

The equilibrium quantities for this economy will not correspond to Pareto
optimal allocations because of the well-known incentive effects associated with the
distortionary taxation of income. Consequently, the social planner’s problem cannot
be used to calculate the economy’s equilibrium allocations. Instead, the competitive
equilibrium will be calculated directly by solving log-linearized versions of no-
arbitrage restrictions that hold in equilibrium.

To derive these restrictions, observe that the first-order necessary conditions

for the household’s problem are

ueul) — pe =0, (10)
=uyle, ) + p(l—mw, = 0, (11}
—dp t ﬁEt[P‘ltH{(l_7t+1)(1_7"t+i)(rt+1_6) + 1}] =0, (12)

where the notation uy(c,,1)), fori = 1, 2, is used to denote the derivative of the period

t utility function with respect to its ith argument. Substitution of (10) into (11) and



(12) produces two familiar restrictions: one equating the marginal rate of substitution
of consumption and leisure to the after-tax real wage, the other relating the intertem-
poral rate of marginal substitution to the after-tax interest rate. The first-order

necessary conditions for the firm’s problem imply these marginal product pricing

relationships:
r[ = FI(K‘UNPR‘I)’ (13)
w, = F,(K,N,A. (14)

In equilibrium, n, = N, and k, = K. These facts imply two arbitrage conditions:

v, (e, DI —7F, (K, N A) = —u,(c,,1), (15)
El(ﬁul(cl+l’ll+l){(l =T (1 =70 PIF (K NG A ) — 6]+ 1}) (16)
= uy{c,ly.

Before proceeding further, I must confront the growth that is inherent in the
economy specified in eqs. (1)-(16). Under the assumption that the growth rates of
the productivity shock, capital, consumption, output, government consumption, and
transfers are the same, Christiano (1988) and King, Plosser, and Rebelo (1988)
define a transformation which removes this growth. They do this by defining an

equivalent economy that is expressed in terms of a random vector:

{edznidz iz Gz, o TR /7, wi/2,}.

Under this assumption, transformed versions of egs. (15) and (16) in conjunction with
transformed versions of egs. (3), (5), and (7) implicitly define a sequence of alloca-

tions for capital, consumption, employment, output, and leisure.



Due to the large number of state variables, the model’s equilibrium is cal-
culated by solving a log-linear approximation to these market-clearing conditions.
This sequence is calculated by taking a log first-order Taylor expansion about these
equations centered at the perfect-foresight steady state. The resulting linear system
is then solved using a nonrecursive algorithm due to Vaughn (1970) as implemented
by King, Plosser, and Rebelo (1988). The allocations calculated in this way can be
supported as a competitive equilibrium using the pricing relations given in (13) and
(14). (Further details on the linearization and solution of the model are availabie

from the author on request.)

3. Estimation of the model

The model economy just described offers predictions for the evolution of
aggregate consumption, investment, hours worked, real wages, and the capital stock
given a specification of government policy and technology. This section describes
how I estimate the government's feedback rule and the most important preference and
technology parameters.

Before turning to a discussion of the estimation, I will briefly document the
data set used in this analysis. The model is estimated using annual data. The choice
of annual data is motivated by the measures of marginal tax rates, which are only
available annually. Tax rates probably vary little over the course of a year, however,
so the strongest comovements are likely to occur at annual frequencies. The marginal
tax on personal income, 7,, is measured using Barro and Sahasakul's (1983) time
series on average marginal tax rates. This time series is constructed by averaging tax

rates over numbers of returns for each class of adjusted gross income. The marginal



tax rate on corporate capital income, 7x,, is measured using Jorgenson and Sullivan’s
(1981) effective tax rate.

Many of the other annual time series are averages of quarterly data con-
structed by Christiano (1988), who decomposes government purchases into invest-
ment and consumption categories. Private consumption includes consumption of
nondurables and services plus an imputed service flow from the stock of durables.
Government consumption includes purchases of goods and services of all levels of
government less a measure of investment based on Musgrave’s (1980) estimates of
the stock of government capital. Gross investment includes government fixed
investment, private fixed investment, and expenditures on durables. The capital stock
is chosen to be consistent with the gross investment time series. Qutput, then, is
private consumption plus investment plus government consumption. A comprehen-
sive description of the sources used in constructing this data set can be found in
Christiano (1987, 1988).

My measure of labor input is employee hours in nonagricultural establish-
ments (Citibase file LPMHU). The real wage series was constructed using data on
compensation of employees in the nonfarm business sector {Citibase file GCOMP).
All time series are expressed in per-capita terms based on male and female population
aged 20-64 from the U.S. Bureau of the Census.

The structural parameters were estimated using L. P. Hansen’s (1982)
generalized method of moments (GMM) estimator. This estimator provides
consistent and efficient instrumental variable estimates of the structural parameters
under general aslsumptions about the distribution of the endogenous variables and the

forcing processes. One of the more important maintained assumptions underlying my
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estimation is the assumption that the random vector {r,,7x,N,,w,/C,Y/K,,C/C,,,
G,/z,} is stationary and ergodic.
To estimate the model, I must take an explicit position on the functional form

of technology and preferences. Technology will be assumed to be Cobb-Douglas:
Y, = KNz, (17)

where @ is the capital share parameter, and preferences will be assumed to be

logarithmic:
u(c,l) = In(c) + v,In(T—n)), (18)

where 7, is the leisure share parameter.

The following unconditional-moment conditions were used to estimate the

parameter vector ¥ = (6‘,)_\,0#,72,?,?35,p,a,goo,go‘,V):

i 1—7)w
gl 2 - U (19)
T-N, CP.+7,G,

1 _ B+ (=7 ) =7K, )01 /Ky —0)]

E _a o = 0, (20)
Efin(y/y,—) — N) = 0, @1)
E(7,—7) = 0, (22)
E(in(r,—7) — pln(r,_,—7))in(r,_,—7) = 0, (23)
E(rx,—7x) = 0, 24)

E(in(rx,— 7€) — aln(rk,_,— 7%))In(r,_, — 7x) = 0, (25)
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Eln(G/z) — ¢q = ¢4In(G,_1/7,_y)) (26)

1

1MQI&HD]=0'

where variables with overbars represent means. The first two moment conditions,
(19) and (20), are the empirical counterparts of the arbitrage conditions, {15) and
(16). Ineq. (19), w, is measured using the compensation-based measure of the real
wage described above. Notice further that, in the absence of some form of measure-
ment error, (19) is an identity. A measurement error story consistent with (19) and
the remaining moment restrictions is that real wages are subject to some measurement
error proportionate to w,. Eq. (21) is used to identify the mean growth rate of
technology, A, which under the null of the model is equal to the growth rate of
output.

Eqs. (22)-(26) identify the parameters of the government’s feedback rule.
This specification was chosen after first estimating an unrestricted VAR(1) model of
the two taxes, transformed government purchases, and the log first-difference of the
Solow residual using annual data running from 1956 to 1980. All variables insignifi-
cant at the 5% level were then constrained to be zero. Finally, note that the
variance-covariance matrix of the innovations, V, can be consistently estimated using
the estimated residuals from egs. (22}, (24), and (26) and eq. (17) in conjunction with
(6).

Three parameters were fixed in estimation: {3, the discount rate; 4§, the
depreciation rate on capital; and -y, , the preference parameter governing substitutabil-
ity of private and government consumption. I fixed 8 at (1.03)"! and & at 0.0834

and assigned vy, a value of 0.4 afier efforts to identify 7y, proved unsuccessful. The
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value of 0.4 was chosen because it lies in the range of values estimated by Kormendi
(1983) and Aschauer (1985). Together these assumptions on the value of -y, and 3,
in conjunction with the moment conditions given by egs. (19)-(26), exactly identify
the parameter vector .

In addition to the baseline specification given by eqs. (19)-(26), two other
specifications are estimated. First, to investigate the role of my assumption about the
double taxation of capital, the model is estimated with 7, in eq. (20) set to zero for
all t. Second, to facilitate comparison with more traditional real business cycle
models, which ignore the effects of distortionary taxation, a lump-sum tax version of
the model is estimated. The moment conditions for this lump-sum specification are
given by egs. (19), (20), (21), and (26) with 7, and 7, set to zero for all t.

Table 1 displays the just-identified estimates of the structural parameters based
on the orthogonality conditions (19)-(26) and the data set described above. The
sample period runs from 1956 to 1980. The standard errors were calculated using
the Newey-West (1987) covariance estimator with three autocovariances. The first
column of estimates, labeled lump-sum tax, corresponds to the specification that
ignores the incentive-distorting effects of taxes on wage and capitat income; the
second column, to the specification that taxes capital income twice; and the third
column, to the specification that taxes capital income only at the corporate level.

The results in table 1 have several notable features. First, the point estimates
differ significantly across the tax and no-tax (lump-sum) specifications. The
preference parameter on leisure, +y,, is significantly larger when taxes are not
modeled. Eichenbaum, Hansen, and Singleton (1988) estimate the value of ¢, which

is linked to v, by « = 1/(1+7,), to lic between 0.14 and 0.18. This range of values
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is substantially lower than the value of 0.33, which is typically assigned to ¢ in
calibration exercises. [See Prescott (1986).] The results presented in table 1 imply
an estimate of ¢ = 0.15 for the no-tax specification and a value of 0.19 for the two
tax specifications. Both numbers are close to the estimates reported by Eichenbaum,
Hansen, and Singleton (1988).

A second feature of the results is the sensitivity of #, the capital share
parameter, to the model of taxes. The value of @ is significantly higher in both
specifications with distortionary taxes. This difference stems from eq. (20). In the
no-tax specification, # is set to equate the pretax return on capital to the marginal rate
of substitution (MRS), whereas in both tax specifications, # is chosen to equate the
MRS with the after-tax return on capital. Since the empirical MRSs are the same
across these two scenarios, § must adjust.

An alternative strategy for identifying 6 is to assign income categories in the
national income and product accounts to each factor of production. Christiano (1988)
notes that values of # based on this alternative approach can range between 0.25 and
0.43, depending on how income is assigned to the two factors. After allowing for
sampling uncertainty, all three of my estimated values lie in the range reported by
Christiano. Finally, note that the estimate of 0.45 for the double tax specification is
close to McGrattan’s {1991) estimate of 0.43. This specification implies an overall
tax rate on capital income of 0.46, which is close to McGrattan’s average capital
income tax of 0.50.

Turning next to the estimates of the fiscal policy variables, notice first that
the estimated autoregressive coefficient on the personal income tax rate is 0.95,

indicating considerable persistence in the income tax. The corporate tax on capital
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income displays much less persistence. The matrices at the bottom of table 1 report
standard deviations and estimated correlations between the innovations. These
matrices indicate strong contemporary correlations among fiscal policy surprises and
with innovations to technology. For both tax specifications, expenditure surprises are
positively related to revenue surprises. Furthermore, in all three specifications, the
technology shock displays a strong negative correlation with the transitory component
of government purchases. In the next section, I will document the role this correla-
tion plays in matching the cyclical properties of government purchases. Finally, both
tax specifications produce a negative correlation between technology surprises and
effective corporate tax rates.

The just-identified estimates calculated here imply that the model’s predictions
for the steady-state output shares of capital, consumption, and government purchases
are consistent with the sample averages of these objects in the data over the estimated
sample. In the next section, I will augment the list of moment conditions with
restrictions based on minimizing the discrepancy of various predicted second
moments from their values in the data. Once these further moment conditions are
added, the system is overidentified and the overidentifying moment restrictions can

be formally tested.

4, Evaluation of the model

This section documents and analyzes the guantitative implications of fluctu-
ations in taxes on fluctuations in economic activity. Fluctuations in distortionary
taxes turn out to have significant effects on the quantitative properties of the model

economy. They increase the predicted relative variability of hours and reduce the
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predicted correlation between hours and average productivity. 1use impulse response

analysis to investigate the economic mechanisms underlying these improvements.

4.1. Predictions

To determine the role of tax disturbances in economic fluctuations, the model
economy was solved using each of the three estimated parameterizations. The
solution procedure described in section 2 produces a set of log-linear decision rules
governing the evolution of equilibrium allocations and the prices that support these
allocations. With linear decision rufes, population moments can easily be directly
compared with the analogous moments in the data.

Tables 2 and 3 report a variety of second moments for the lump-sum model,
the two tax models, and the U.S. data. All moments are expressed in terms of log
growth rates. Consider first the last column in each table. These columns report
sample second moments and standard errors based on a sample period running from
1956 to 1980. The standard errors are calculated using a Newey-West covariance
estimator with three lags. The first data column of each table reports the predicted
population moments for the lump-sum taxation version of the model with the
parameterization described in section 3. The third and fifth data columns of each
table contain the corresponding predictions for the model with taxes under the two
alternative assumptions about the taxation of capital income. The second, fourth, and
sixth data columns of each table contain statistics that are asymptotically (1)
distributed under the null hypothesis that the predicted moment in the relevant row
equals the corresponding value in the final column. The numbers in parentheses are

probability values. Test statistics of this form have been considered by Burnside,
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Eichenbaum, and Rebelo (1990) and Christiano and Eichenbaum (1992). At the
bottom of each panel of both tables is an additional statistic. The maintained null
underlying it is that all the moments equal the corresponding values in the final
column of the table. (A complete description of the calculation of these test statistics
is in the appendix to this paper.)

Consider first the moment columns of table 2. Note that the lump-sum tax
version of the model understates the relative variability of hours and the standard
deviation of output. These properties of standard real business cycle models have
been the subject of considerable research. G. Hansen (1985) demonstrates, for
instance, that an indivisible labor specification can solve the problem with hours, and
Prescott (1936) suggests that fiscal policy may explain the one with output. A more
surprising result for the lump-sum specification is its overstatement of the relative
variability of consumption. This arises from fluctuations in government purchases
which are a substitute for private consumption. Finally, note that the measured
negative correlation between innovations to technology and government purchases
documented in the last section helps capture the measured variability of government
purchases. If this correlation is set to zero, the relative variability of government
purchases rises to 2 on the basis of a higher predicted standard deviation of govern-
ment purchases.

Turning to the results for the other two versions of the model, note that
fluctuations in taxes have large effects on many of the model’s implications for
relative variabilities. Now the predicted variability of output nearly matches the

standard deviation of output in the data and the relative variability of hours is much
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closer to the observed relative variability of hours. However, both tax specifications
overstate the relative variability of investment more than the lump-sum version did.

One metric for investigating the significance of these observed differences
across the three specifications is given by the chi-square statistics reported for each
of them. The x2(1) statistics add further support to the claim that the most significant
failures of the lump-sum version of the economy are its predictions for the relative
variability of hours and consumption. These statistics suggest further that the
tendency to overstate the relative variability of consumption continues to be a
problem for the taxed economies as well. Finally, the x*(7) statistics at the bottom
of the table suggest that all three models are missing important features of variability
observed in the data.

Panel A of table 3 lists cross-correlations with output for the three specifica-
tions and the data. For these moments, the distinctions between the three specifica-
tions are less sharp. The main failure of the lump-sum specification is an overstate-
ment of the correlation between average productivity and output. Both tax specifica-
tions are more successful in capturing this moment while performing about as weil
as the lump-sum specification in other respects. Overall, on the basis of the x%(5)
statistics, all three specifications capture the main features of these moments,

However, panel B of table 3 displays more significant distinctions in the
predictions for contemporaneous correlations with hours, Christiano and Eichenbaum
(1992) have argued that the weak correlation between hours and average productivity
in the standard (lump-sum) real business cycle model represents a significant puzzle
for this type of model. This finding is borne out in panel B. The lump-sum

specification dramatically fails to capture this correlation, while the two tax specifica-
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tions capture both its sign and its magnitude. The tax specifications are also more
successful with the comovement of hours with government purchases. But all three
specifications have difficulty with the correlation of hours and the capital stock. The
x2(5) statistics at the bottom of the panel add further support to my contention that
fluctuations in taxes are important for understanding the observed comovements of

hours with other aggregate variables.

4.2. Analysis

Now I analyze these results. The sharpest distinction between the tax and the
lump-sum tax versions of the model is their predictions for the relative variability of
hours and the correlation of hours and average productivity. Why are the tax
specifications so successful in capturing these moments? To try to answer that,
consider the impulse response functions in fig. 1. They are for the specification with
double taxation of capital. The dashed lines in fig. 1 are the responses of the model’s
economic and policy variables to a temporary 1% rise in the corporate profit tax.
The solid lines are the responses of those variables to a temporary 1% rise in the
personal income tax rate.

For the tax on capital income, the first-order effect of the innovation is to
lower the after-tax interest rate. This produces an intertemporal substitution effect
on labor supply. With the after-tax interest rate temporarily below its mean,
households want to put off work effort until tomorrow. This intuition is borne out
by the impulse responses: equilibrium work effort falls, and both the after-tax wage
rate and average productivity rise initially in response to the innovation to the

corporate tax rate. The intertemporal substitution effects induced by the fall in the



19

after-tax interest rate are also responsible for the initial rise in consumption and fall
in investment. These responses are consistent with the results of Judd (1987), who
finds that a temporary decline in the tax on capital financed by increased borrowing
produces a drop in consumption and a rise in saving. Finally, note that the magni-
tude of these responses is small. Government revenue only rises .2% and invest-
ment falls about the same amount.

Next consider a 1% rise in the tax rate on personal income. This surprise
produces a much larger response in employment, which falls 0.4%. The previous
intertemporal substitution effect is now complemented by an intratemporal substitution
effect which induces households to reduce current consumption and work effort.
Households face not only a lower after-tax interest rate, but also a lower after-tax
wage rate. The fall in equilibrium employment, in turn, raises average productivity
in early periods, but then drops it below its steady-state value as the effects of the fall
in investment are felt on capital. The strength of the intratemporal substitution effect
can be observed in consumption, which now falls despite a substantial drop in
investment. Finally, government revenue increases 0.4%, which is about twice as
much as it rose with the capital income tax increase.

The observation that both types of taxes shift labor supply explains the
success of the two distortionary tax specifications in matching the relative vartability
of hours and the correlation of hours and average productivity. Christiano and
Eichenbaum (1992) note that the first-order effect of technology shifts is to shift labor
demand along an essentially stable labor supply schedule, thus producing a strong
positive correlation between hours and the real wage. Fluctuations in government

purchases also shift labor supply. However, the results in tables 2 and 3 suggest that
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historical movements in government purchases alone are not large enough. The
specification with lump-sum taxation understates the relative variability of hours and
predicts a large positive correlation between hours and average productivity. [These
results are representative of those Christiano and Eichenbaum (1992) get when they
assume labor input is correctly measured.] In contrast, tables 2 and 3 demonstrate
that historical movements in taxes on capital and personal income have been large
enough to explain both the observed variability in hours and the correlation of hours

with average productivity,

5. Concluding remarks

This paper has presented evidence that the measured fluctuations in average
marginal tax rates have important effects on the quantitative properties of a simple
model economy of the business cycle. Incorporating taxes generally enhanced the
empirical properties of the model, with the most striking improvements occurring in
the labor market. The main exception was a tendency for versions of the model with
taxes to overstate the relative variability of investment. The principal channels for
these effects were found to be intertemporal and intratemporal substitution effects.

These documented substitution effects may seem inconsistent with much of
the labor economics literature. For example, the preference parameters I used here
imply a wage elasticity much higher than that found in the labor literature. My
compensated wage elasticity [as calculated in Braun (1990)] ranges from 1.9 to 2.14;
a summary of the labor literature [Burtless (1986)] reports an average wage elasticity

for males of 0.28.
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This is not an appropriate comparison, however. Much of the labor literature
consists of static analyses that ignore human capital accumulation and the participa-
tion decision. When these decisions are modeled in a dynamic framework, as in
Eckstein and Wolpin (1989), the responsiveness of labor supply to variations in

current wage rates varies significantly over the life cycle.
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Appendix: Testing sets of moment conditions

Here 1 describe how I calculated the test statistics reported in section 4.

In testing the relative variabilities and correlations, 1 used the moment
conditions described in section 3 and appended additional moment restrictions, intro-
ducing a new parameter for each new moment condition. For the relative variabili-

ties, these were

Elln(y/y-1)* — 03, — »] =0, (A.1)

Elin(y/y,_,) — MPlgmom, — (x()} — »] =10, fori=2,7, (A.2)
where

x, = [In{cp/ep,_;) — A, In(n/n,_)), In(dk/dk,._}) — X,

l“[)’tnt—l"’{ntyt—l}) = A Intk/k ) — A, [n(glf'gl_l)].

In (A.1), ori,y is the model’s predicted variance for output expressed in log growth
rates. In (A.2), x(i), denotes the ith element of the vector x,, »; is a parameter that
is estimated, and Igmom,; is the model’s predicted population moment for the ith
relative variance. All model moments and data moments are calculated in terms of
deviations from A, the mean of A,. After these new moment restrictions are appended
to (19)-(26), the parameter vector ¥ = [7,»,,...,¥;] is estimated using GMM. Then

the null hypothesis I want to test is the joint restriction on 7:
a(®) = {0,...,0,¢,....55] = 0. (A.3)

Newey and West (1987) propose the following statistic for testing restrictions

of this form:
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-1

' -1
Na(y)' AN[ agg?“)](sﬁ)"‘aggﬁ“) } Ayl aGry), (A.4)
where
_ da(@y)
AN = —5z

and SN is a consistent estimate of S,. [See L. P. Hansen (1982) or Newey and West
(1987) for a definition of S,,.] Under the appropriate regularity conditions, (A.4) is
asymptotically x*(7). This statistic is analogous to the Wald statistic in that it only
uses the unrestricted estimates. The x*(1) statistics reported in the section 4 tables

are based on this restriction:
al(#) = [0,...,0,#,0,...,0]' = 0. (A.5)

All of these tests are conditional on the maintained values of 8, v, and é as
well as the estimates of the autocorrelation coefficients and innovation variances of
the tax processes. When cross-correlations instead of relative variabilities are being

tested, the moment restrictions take on the form

Ellgmom; — (x() (In(y/y,—1) = N/(0gy0gxc) = »] = 0, (A.6)
fori=1,4,

where
x, = [In(cp/ep,_;) — A, In(dk/dk,_;) — N, Inly,n_,/{ny,_;}) = A,

In(k/k._;) — A,
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N
Ty = ¢ 3o lxx() ) = AP

t=1

for cross-correlations with output. The restrictions for cross-correlations with hours

are calculated in an analogous way.
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Table 1

Estimates of the model’s structural parameters under three types of taxes; annual frequencies.”

Tax specification

Parameter Lump-sum Capital taxed No personal
or variable tax twice tax on capital

Preference and

technology
Capital share, @ (0.342 0.450 0.392
(0.005) 0.011) (0.008)
Technology 0.0163 0.0163 0.0163
growth, A (0.006) (0.006) {0.006)
Leisure 5.59 4.21 4.21
preference, v, (0.059) (0.071) (0.071)
Taxes and
government
T — 0.250 0.250
- (0.0081) (0.0081)
= - 0.281 0.281
— (0.026) (0.026)
P —_ 0.950 0.950
—_ (0.096) (0.096)
o - 0.786 0.786
— 0.112) (0.112)
@0 1.54 2.19 1.80
(0.676) (0.761) (0.713)
@) 0.739 0.647 0.702
(0.115) (0.123) (0.119)

Innovation Correlations/Standard Errors®

Technology 0.025 0.033 0.028

Income Tax 0 0 0.038 0.049 0.022 0.049

Corporate Tax 0 00 —0.445 0.122 0.186 —0.454 0.122 0.186
Government ~0.469 0 0O 0.035]| =0.611 0.072 0.343 0.038(} —0.533 0.073 0.355 0.036

2These estimates were calculated using egs. (19)-(26). The standard errors (in parentheses) were calculated using
a Newey-West covariance estimator with three autocovariances. The sample period is 1956-80.

These matrices present the standard errors (diagonal terms) and correlations (off-diagonal terms) for the innovation
to the variable listed on the left.



Table 2

Standard deviations of variables relative to that of output;
predictions of the model under three types of taxes vs. U.S. data.?

Tax specification

No personal

Lump-sum tax Capital taxed twice tax on capital U.S.

. annual data
Variable Moment x2(1) Moment x*(1) Moment (D) 1956-80
S.D. of output 0.022 2.15 0.025 0.179 0.026 0.054 0.027

(0.143) (0.673) (0.815) [0.003]
S.D. of variable relative to output
* Hours 0.372 22.4 0.951 0.531 0.870 0.001 0.867
(0.000) (0.466) (0.976) [0.120]
¢ Investment 2.20 0.735 2.66 3.28 2.1 3.10 2.08
(0.391) (0.070) (0.078) [0.114]
* Private consumption 0.692 12.64 0.709 12.73 0.669 4.83 0.497
(0.000) (0.000) (0.028) [0.020]
¢ Average productivity 0.683 0.928 0.763 2.17 0.656 0.373 0.609
(0.335) (0.096) (0.541) [0.072]
¢ Government purchases 1.61 0.872 1.43 0.172 1.36 0.062 1.27
(0.350) (0.679) (0.803) [0.176]
* Capital stock 0.370 0.241 0.451 1.38 0.419 0.940 0.336
(0.623) (0.241) (0.332) [0.072]
xHT)° 51.68 39.3 26.3
{0.000) (0.000) (0.000)

#This table reports population moments from the three estimated specifications and the analogous statistics (and their standard errors in brackets) calculated
using annual U.S. data running from 1956 to 1980. All moments are calculated in terms of variables expressed in log growth rates. Also here are x(1)
statistics (and their p-values in parentheses) for testing the null hypothesis that the statistic predicted by the model equals the corresponding value for the
data in the last column.

This statistic tests the joint null hypothesis that all the above moments equal the corresponding values for the data in the last column.



Table 3
Contemporaneous correlations; predictions of the
model under three types of taxes vs. U.S. data.®

Tax specification

No personal U.s.
Correlations of Lump-sum tax Capital taxed twice tax on capital annual data
variable with  Variable Moment A1) Moment  x*1) Moment  x%(1) 1956-80
A. Output
Hours® 0.893 — 0.687 - 0.757 — 0.796
[0.057]
Investment 0.969 0.027 0.911 0.007 0.926 0.000 0.930
(0.869) (0.935) {0.986) [0.030]
Private consumption 0.886 0.039 0.763 0.098 0.762 0.096 0.837
(0.844) (0.754) (0.757) [0.056]
Average productivity 0.976 3.19 0.450 0.053 0.518 0.001 0.505
(0.074) (0.817) (0.972) [0.152]
Government purchases 0.346 0.243 0.249 0.004 0.237 0.020 0.260
(0.622) (0.948) (0.888) [0.144]
Capital stock 0.061 0.325 0.112 0.082 0.055 0.347 0.168
(0.569) (0.775) (0.556) [0.197]
x*(5) 8.73 0.301 0.475
0.120) (0.998) (0.993)
B. Hours
Investment 0.910 0.520 0.831 0.069 0.826 0.051 0.784
(0.471) (0.792) (0.821) [0.053]
Private consumption 0.611 0.020 0.259 3.24 0.420 0.935 0.638
(0.887) (0.072) (0.334) [0.094]
Average productivity 0.776 244 -0.337 1.51 —0.165 0.062 —0.116
(0.000) (0.219) (0.081) [0.159]
Government purchases 0.461 3.23 0.001 0.209 0.037 0.081 0.093
(0.072) (0.648) (0.776) [0.199]
Capital stock -0.321 6.717 -0.201 3.78 —0.228 4.50 0.262
{0.009) (0.052) (0.034) [0.226]
x*(5) 100.39 7.39 7.17
(0.000) (0.193) (0.208)

“See footnotes to table 2.
A rank problem prohibited testing this restriction jointly with the output/average productivity correlation,



Fig. 1. Responses to a temporary 1% increase in the taxes on
capital income (dashed lines) and personal income (solid lines);

for the specification with capital taxed twice.
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