working

P a p e r

Growth Effects of a Flat Tax

by Steven P Cassou and
Kevin J. Lansing

FEDERAL RESERVE BANK OF CLEVELAND




Working Paper 9615

GROWTH EFFECTS OF A FLAT TAX

by Steven P. Cassou and Kevin J. Lansing

Steven P. Cassou is an assistant professor of economics at
Kansas State University, and Kevin J. Lansing is an
economist at the Federal Reserve Bank of Cleveland. For
helpful comments and suggestions, the authors would like
to thank David Altig, Charles Carlstrom, James Dow,
William Gale, Greg Huffman, Kenneth Judd, Rodi
Manuelli, Alvin Rabushka, Ben Russo, and Peter Rupert.

Federal Reserve Bank of Cleveland working papers are
preliminary materials distributed to promote discussion and
critical comment on research in progress. These papers may
not have been subject to the formal editorial review
accorded the Bank’s official publications.

The views stated herein are those of the authors and are not
necessarily those of the Federal Reserve Bank of Cleveland
or of the Board of Governors of the Federal Reserve
System.

Working papers are now available electronically through
the Bank’s home page on the World Wide Web:
http://www.clev.frb.org.

December 1996



Abstract

This paper develops a quantitative general equilibrium model to assess the
growth effects of adopting a flat tax plan similar to the one proposed by Hall and
Rabushka (1985, 1995). Using parameters calibrated to match the progressivity
of the U.S. federal tax schedule and other features of the U.S. economy, we find
that a revenue neutral flat tax can permanently increase per capita growth by
0.18 to 0.85 percentage points per year. Both features of a flat tax—the lower
marginal tax rate and the full investment write-off—are important contributors
to the growth gain. The strength of the growth effect depends on: (1) the
elasticity of household labor supply, (2) capital’s share of output, and (3) the
elasticity of the capital stock with respect to new investment.



1 Introduction

Since its inception in 1913, the U.S. federal income tax system has grown enormously,
in terms of the revenues raised, and the shear number of pages and complexity of
the Internal Revenue Service code. The system has been accused of costing the U.S.
economy billions of dollars in lost output each year because of the perverse way that
it affects people’s incentives to work, save, invest, and take entrepreneurial risks.
On top of that, taxpayers must spend huge numbers of hours learning about and
complying with rules that are described as being too complicated for the ordinary
citizen to understand.

Criticisms such as these have led to calls for a simpler and more efficient federal
income tax. One of the most widely discussed proposals for achieving this goal is a
so-called flat tax. The basic idea of a flat tax is to have only one tax rate which applies
to all taxable income. This contrasts sharply with the current system which has five
tax rates ranging from 15 to 39.6 percent, each applied to a different increment of
income. The current system is often described as “progressive” because the marginal
tax rate—the rate applied to the last dollar of income—goes up as one’s income
rises. A flat tax can also exhibit features that are progressive, however, through the
appropriate use of a standard personal deduction.

In addition to having only one rate, another key feature of a flat tax is the
definition of taxable income. The underlving principle is that individuals should
be taxed on what they take out of the economy (consumption), and not what they
put in (savings or investment). The effect of a consumption tax can be achieved by
allowing investment expenditures to be fully deducted, or “written-off,” from taxable
income. This enhances and simplifies the variety of investment incentives that are
built into the current system. such as accelerated depreciation schedules, partial
interest deductibility. and so on.

The current debate over a llat tax has been stimulated in large measure by Hall
and Rabushka (1985, 1995). who desceribe their flat tax proposal in very simple terms
and work out the practical details needed for its implementation. Hall and Rabushla

argue that the adoption of a flat tax wonld give an enormous boost to the U.S.



economy by dramatically improving incentives to engage in productive activities and
would save taxpayers hundreds of billions of dollars in compliance and administration
costs.

In this paper, we develop a quantitative general equilibrium model to assess the
growth effects of a adopting a flat tax plan similar to the one proposed by Hall and
Rabushka. The framework for our analysis is a simple endogenous growth model in
which the progressivity of the tax schedule is summarized by a single parameter. This
parameter captures the way in which agents’ incentives to consume, work, and invest
are influenced by rising marginal tax rates. Relative t6 a progressive tax system,
we find that a flat tax leads to an increase in labor hours, income, and investment
(or savings). The initial impact on consumption is ambiguous: there is a positive
effect due to an increase in income, but a negative effect due to a lower marginal
propensity to consume. However, since labor hours and investment are the driving
forces for growth in our model, a flat tax raises the economy’s long-run growth rate,
and hence, long-run consumption. This results in large welfare gains.

Our model builds on the recent work of Stokey and Rebelo (1995) who use an
endogenous growth framework to identify the key model features and parameters that
are important for determining the quantitative impacts of tax reform on growth.! Our
analysis differs from theirs in two fundamental respects.

First, we evaluate the growth effects of switching from a progressive tax to a
flat tax. In doing so, we consider the gains attributable to both the lowering of the
marginal tax rate and the full write-off of in\A'vstmcm expenditures. Stokey and Rebelo
consider only tax systems in which the marginal tax rate is equal to the average tax
rate. Moreover, while their analysis examines the impact of a depreciation allowance,
they do not consider a full investment write-off.

Second. human capital in our model accumulates via a “learning by doing” exter-
nality instead of through direct investiment expenditures by households. Our formu-

lation implies that houscholds underinvest in human capital relative to the socially

'Some other rescarch that considers the effects of tax reform on growth includes King and Rebelo
(1990), Lucas (1990), Rebelo (1991), Pecorino (1993, 1994), Jones, Manuelli, and Rossi (1993),
Devereux and Love (1994), and Glomm and Raviknmar (1996), among others.



optimal level. This tends to magnify the growth effects of reforms that affect invest-
ment incentives. In a sensitivity analysis, we investigate the impact of the learning
by doing externality on the computed growth gains.

Using parameters calibrated to match the progressivity of the U.S. federal tax
schedule and other features of the U.S. economy, we qﬁantify the growth effects of
a flat tax. In switching from a progressive tax system to a flat tax, we impose a
condition of revenue neutrality. A flat tax results in a lower marginal tax rate, but
requires a higher average tax rate to pay for the more generous write-off and deduction
features. This mitigates the resulting growth benefits. - .

In our experiments, we find that a flat tax can permanently increase per capita
growth by 0.18 to 0.85 percentage points per year. Both features of a flat tax—the
lower marginal tax rate and the full investment write-off—are important contributors
to the growth gain. The lower marginal tax rate accounts for about two-thirds of
the gain, while the full write-off accounts for one-third. We show that the strength
of the growth effect depends on: (1) the elasticity of household labor supply, (2)
capital’s share of output, and (3) the elasticity of the capital stock with respect to
new investment.

For a baseline set of parameters, a flat tax increases annual per capita growth by
0.74 percentage points, from 1.80 percent to 2.54 percent. This growth effect is well
within the range of values that have been cited in the public debate surrounding a
flat tax. For example, former presidential candidate Steve Forbes argued that a flat
tax would increase growth by 2 percentage points or more per year. Alvin Rabushka
has asserted that annual growth would increase by 1 percentage point or more for
atl least seven years. Robert Barro estimates that annual growth would increase by
roughly 0.4 percentage points.?

Some words of caution regarding the interpretation of our results are in order.
First, although our model provides a theoretical framework for evaluating claims

regarding the growth benefits of a flat tax, the empirical evidence regarding the links

2Sources for these tigures are as follows: The Wall Street Journal, January 29, 1996, page A-1,
column 5 (Forbes), The New York Times, January 23, 1996, page A-11, column 1 (Rabushla), and
The Wall Street Journal, February 22, 1996, page A-14, column 4 (Barro).



between tax policy and long-run growth are inconclusive.3 Second, our results, like
those of Stokey and Rebelo (1995), show that the effects of tax reform on growth
are sensitive to the choice of parameﬁer values. Third, since our model abstracts
from stochastic shocks, we allow no role for progressive taxes to serve as potentially
beneficial automatic stabilizers.* Fourth, our highly stylized model assumes that all
households are identical. Thus, while our model can address issues of efficiency and
growth, it cannot be used to evaluate questions of distribution and fairness. What
can be said in this regard is that by enlarging the entire social pie, a higher growth
rate may provide significant benefits even to those who hold smaller shares of the pie.

The remainder of the paper is organized as follows. Section 2 describes the model.
Section 3 derives the household decision rules and shows how the tax system influ-
ences economic incentiveé and the per capita growth rate. Section 4 describes how
we calibrate our model to capture various features of the U.S. economy. Section 5

presents our quantitative results. Section 6 concludes.

2 The Model

The model economy consists of a large number of identical, infinitely-lived households
that operate in competitive markets, and the government. Each household operates
a firm that produces goods which are sold in the market. Households make decisions
about how much to consume, work, and invest over their lifetimes. In doing so,
they take into account the way in which the tax system affects their earnings. The
government sets the rules that govern the tax system. Tax revenues collected from
households are used to finance public expenditures. In what follows, we describe each

of these features of the economy in more detail.

*See Ireland (1994) for a review of the empirical evidence.
4See Miller (1984) for a model that addresses this issue.



2.1 Households

The household’s decision problem can be formulated as choosing {c¢, ¢, , y¢, i, ks 41, Tt}t"io

in order to maximize

iﬂtln(ct—BhtlZ), g€ (0,1), B>0, v>1, (1)
subject to =

e+ i =y — e (ye — die — Dy), & €[0,1], 2)

ye = Aok? (hels)' ™%, A9 >0, 6€(0,1], (3)

ke = A1kl 7% Ay >0, §€(0,1), ko given, (4)

e = F(y,1t), (5)

where ( is the discount factor, ¢; is consumption, I; is hours worked, and h; is an
index of knowledge (or human capital) which is outside of the household’s control.

Equation (2) is the household’s within-period budget constraint, where ¢; is in-
vestment (or savings), y. is pre-tax income and 7; is the income tax rate. Taxable
income is given by y; — ¢ty — Dy, where ¢ is the fraction of investment expenditures
that can be “expensed” or written-off from taxable income, and D; is the standard
deduction which households take as given. For comparison with U.S. tax law, ¢ can
be viewed as an index number that summarizes the various elements of the tax code
that encourage investment. For our purposes, the most important of these is the
capital depreciation allowance.®

We model households as entrepreneurs who operate a constant-returns-to-scale
production technology (3) by supplyving their own physical capital k¢, and labor effort
l;. The household’s level of knowledge hy angments the productive capacity of each
hour spent working, such that hl, represents the effective labor input for production.

The utility function (1) can be interpreted as the reduced form of one that in-
corporates home production® The presence of b in both (1) and (3) implies that

productivity in the home and productivity in the market increase at the same rate.

®In the past, other incentives have included the investment tax credit for equipment purchases
and the tax-favored treatment of capital gains. Both of these were repealed by the Tax Reform Act
of 1986.

5See Gireenwood, Rogerson, and Wright (1995).



As a result, l; remains stationary along the model’s balanced growth path. The pa-
1

rameters B and « affect the supply of market labor, where o is the intertemporal
elasticity of substitution in labor supply. As «y becomes large, I; approaches 1.0 and
the model reduces to one with a fixed supply of labor.

Investment adds to the stock of physical capital according to the law of motion (4),
where A; and é are parameters that govern the relationship between new investment
and next period’s capital stock. When A; = 1 and § = 1, capital depreciates fully
after one period, whereas 0 < § < 1 implies that capital is long lasting. This nonlinear
specification facilitates closed-form decision rules and cén be viewed as reflecting
adjustment costs as in Lucas and Prescott (1971).7

Following Arrow (1962) and Romer (1986), we assume that the mechanism for
knowledge accumulation is learning by doing. This means that knowledge grows pro-
portionally to, and as a by-product of, accumulated private investment and research
activities. This idea can be captured by the specification h; = K, where K; is the
average stock of capital across households. The assumption that households view
h¢ as outside of their control requires that there be a sufficiently large number of
households so that no single household can affect the value of K;. However, since all
households are identical, K; = k; in equilibrium. We therefore impose the condition
hy = K; = k; after households make their optimal allocation decisions.

Equation (5) says that in deciding how much to earn and invest, households also
determine their tax rate according to the function F(y;, %), which we specify more

completely below.

"This specification has been used in applied work by Hercowitz and Sampson (1991), Kocherlakota
and Yi (1994), and Cassou and Lansing (1995), among others. Our setup differs from the standard
one given by: kryy = (l - 5) ke 4 1., where & is the linear depreciation rate. Equation (4) can also be
viewed as capturing the behavior of an aggregate stock that is measured by adding up different types
of capital (structures, equipment, consumer durables, ete.) which each display different depreciation
characteristics. Moreover, capital stock data compiled by the U.S, Department of Commerce in Fized
Reproducible Tangible Wealth in the {/nited States includes a “capital input” series. This alternative
measure of the net stock emplays a depreciation schedule that is slower than straight line during the
early years of an asset’s life, but more rapid during later years.

6



2.2 The Tax System

The tax function F'(y:, 1) is set by the government and is assumed to take the fol-

= Yt — ¢ie — D¢ \™ .
“‘T(Yt—aﬂt—pt) ! ©)

where Y; and I; are the average levels of income and investment in the economy, and

lowing form

7 €[0,1) and n > 0 are parameters that govern the level and progressivity of the tax
schedule. As with-K}, households view the economy-wide averages as outside their
control, and we impose the equilibrium conditions Y; = y; and I; = ; after decisions
are made. When n > 0, households with above average taxable income face a higher
tax rate than those with below average taxable income. In contrast, when n = 0,
all households face the same tax rate 7 regardless of their taxable income. In our
model, therefore, n > 0 represents a progressive tax schedule, while n = 0 represents
a horizontal or “flat” tax schedule.

Since we do not consider a separate corporate income tax, our evaluation of a
flat tax does not capture any benefits from eliminating the double taxation of capital
income. Offsetting this, however, is the fact that the investment write-off in our
model is applied to the personal tax schedule, which is more progressive than the
corporate tax schedule. This tends to magnify the benefits of a larger write-off.

We also note that the investment write-off in our model applies to expenditures
for both physical and human capital -—since there is nothing to differentiate the two
in a learning-by-doing framework. In comparison. the Hall and Rabushka plan allows
for the write-ofl of expenditures on physical capital, but not for private individuals’
expenditures on education. To the extent that these education expenditures con-
tribute to the stock of human capital, the Hall and Rabushka plan does not go far
enough in defining the types of spending that qualify as investment.® In this respect,
our setup can be viewed as an idealized version of a flat tax in which all types of
investment qualify for the write-off.

The government sets the standard deduction Dy, which we model as a constant

" This is a point that is emphasized by Judd (1996).



fraction of average pre-tax income:
Dt = aYta (7)

where a > 0. Since D; is a function of Y; (as opposed to y), households take this
deduction as given.

As we shall see, the tax system in this model has an important influence on how
much households consume, work, and invest. For our analysis, it will be useful to
distinguish between the average tax rate and the marginal tax rate. The average tax
rate is defined as taxes paid T; divided by the household’s faxable income yg— piy — Dy.
The marginal tax rate is defined as the change in taxes paid divided by the change
in taxable income, where we interpret “change” as an infinitesimally small amount.
Intuitively, the marginal tax rate represents the rate applied to the last dollar earned.

The expressions that govern the various tax rates are as follows:

. . ~ _ Z _ D n+1
Taxes paid = Ty =7 (yt — oty — D) =7 ((Z;ﬁt —Z;t — L;t))n ) (8)

Ty
Average tax rate = —————— = T, 9)
Yy — o1 — Dy (

oT,
Marginal tax rate = P ,Oitt Do) = (n+1)7. (10)

In equilibrium, when Y, = y, and I, = #;. we have 7, = 7, so that the average tax
rate is 7 and the marginal tax rate is (n + 1) 7. When n > 0, the marginal tax rate is
greater than the average tax rate. which implies that the tax schedule slopes up as a
function of taxable income. lu contrast, when n = 0. the two tax rates are the same,
which implies that the tax schednle is flat. Moreover, when n = 0 and ¢ = 1, a flat
tax is equivalent to one that taxes consumption at the rate 7. = ]—f—;.g
It is important to recognize that a flat tax can still exhibit features which are

progressive. The crucial element that governs the progressivity of a flat tax is the

level of the standard deduction /J),. 'Tu see this. consider an alternative tax rate

In this case, the equilibrium version of the houschold budget constraint (2) can be written as:
o+ 7o (e = Do) 4 1 =y where (¢, = 1)) represents taxable consumption expenditures.



defined as taxes paid T; divided by pre-tax income y;. Using equation (8) withn =0

T ‘
_t=;<1_ﬂ_92>. (11)
Ye Yt b

If we assume that the standard deduction is held fixed at a specific dollar amount,

we obtain

say D, for all tax payers (as is the case under the U.S. tax code), then the ratio 5—
declines as income rises. If we further assume that the ratio ff: remains constant,
then equation (11) says that the tax rate ly} will rise with income. In other words,
households with higher incomes face higher tax rates—a feature that is progressive. 10

In our model, the standard deduction is not held fixed, but instead rises with
the average level of income, as given by (7). This formulation ensures that the
standard deduction continues to represent a significant fraction of income in this
growing economy. Substituting (7) into (11) yields %} =7 (1 - %‘- - %’1) , which
shows that households with above average incomes (y; > Y:) continue to face higher

tax rates than those with below average incomes (y; < Y;), even when n = 0 (again

assuming that —;-': remains constant).
2.3 Public Expenditures

The government sets the tax code parameters 7, n, ¢, and « to finance a required level
of per capita public expenditures R; which do not contribute to either production or
household utility.!’ We assume that the government balances its budget period-by-

period such that its budget constraint is given by
Ri =1 (Y — ol — Di). (12)

Per capita public expenditures are assumed to increase in fixed proportion to the
average level of income in the economy, such that R, = vY;, where v > 0. Again, this
formulation ensures that public expenditures remain a significant fraction of output

as the economy grows.

F¥ar more details on a progressive flat tax, see Hall and Rubushla (1995), chapter 3.
"Our growth computations remain unaffected if public expenditures enter the utility function (1)
in an additively separable way.



3 Incentive Effects of the Tax System

In this section, we show how the tax system affects household decisions and the

economy’s per capita growth rate.
3.1 Household Decisions

The household’s first-order conditions with respect to the indicated variables are:

Cy /\t = (Ct—Bhtlg)_l, (13)
1-6 - -
Y o] L IV R P )
t
A |
Kev1 e [1—¢(n+1)7't] =

6 1—6)2
BAt+1 { ?t“ 1—(n+1)741] + (=9un - iei) 1-o(n+ 1)Tt+l]} ,(15)
ke 8k 1

where ) is the Lagrange multiplier associated with the budget constraint (2). A con-

venient property of the utility function (1) is that I; can be solved for independently

of the marginal utility of consumption A;. By combining (3), (13), and (14), and then

imposing the equilibrium conditions Y; = y;, Iy = i, and hy = K; = k;, we obtain
the following optimal decision rule for household labor hours:
1

L= {11—‘%7_—0) = (n+ 1)%]}“"_1 . (16)

By substituting (16) into (3) and again imposing equilibrium, per capita income

(or output) can be written as:

PR , [Z=
Yy = {Aa <_[}—'7_) [1 —(n,+1)7_']l_ } kt. (17)

To obtain the optimal decision rules for household consumption and investment,
we employ the method of undetermined coeflicients.  First, we guess the following

functional forms for ¢, and A, :

10



1
— = b 19
/\t oYt, ( )

where ap and bp are constants to be determined and y; is given by (17). Substituting

the conjectured forms into (15) and imposing equilibrium yields

66

ag = p+6’

(20)

where p = % — 1 is the household’s rate of time preference and ag can be interpreted
as the marginal propensity to save out of after-tax income. Since 3—’/‘: is a constant,
the analysis of section 2.2 indicates that our flat tax specification will continue to
exhibit features which are progressive. The investment decision rule (18) can also be

written as 7 = ag (1 — 7;) y¢, where 7; is the effective tax rate on investment which is

gl—q&!!n-{—l!'z"
1-¢(n+1)7

The next step is to verify that (19) is a correct guess by showing that by is, in

given by 7; = . Notice that when ¢ = 1, we have 7, = 0.

fact, a constant. To do this, we use (13) and (19) to obtain

ce = boy: + Bhl],

= boyt+]—;ﬁ[1—(n+l)'f—']yt~ (21)

where the second equality replaces Bhl; by an equivalent expression that is obtained
by combining (13) and (14). Substituting (7), (18), and (21) into the household
budget constraint (2) yields

l-(n+1)7

bo = l—T_ao(l_dﬁ)[l——o(n-i—l)f

}.}.fa*l—;ﬁ[l—(n-{—l)ﬂ, (22)

which is a constant and thus verifies our original guess. Finally, substituting the
expression for by back into (21) vields
= {1 — 7 —ag(l — o) [—_——_11~_¢(?n++13)77—J + 7"0} Ye, (23)
where the coeflicient on y, can be interpreted as the household’s marginal propensity
to consume.
The decision rules for l;, y,. 7,. and ¢, illustrate some important points regarding
the incentive effects of the tax system. Notice that all of these decision rules depend

on the slope parameter n, which controls the progressivity of the tax schedule. For

11



a given value of 7, equation (16) says that a reduction in n (which makes the tax
schedule flatter) will lead to an increase in labor hours.!? Since labor hours are
used to produce goods which are sold in the market, equation (17) says that per
capita income will also rise. A reduction in n leads to higher investment in two
ways: by lowering the effective tax rate 7, and by increasing y;. Equation (23) shows
that the immediate effect of a reduction in n on consumption is ambiguous: there
is a positive effect due to the increase in y;, but a negative effect due to the lower
marginal propensity to consume.

In general, the immediate effect of larger write-off frac;tion ¢ is to raise investment
and lower consumption.!® Neither labor hours, income, or investment are affected
by the parameter a, which determines the level of the standard deduction D;. In
contrast, household consumption depends positively on a.

In equilibrium, the term 7+ D; in the household budget constraint can be written as
7ay;. This term can be interpreted as tax revenues which are returned to households
in the form of lump-sum transfers. Equation (23) shows that these transfers are

wholly consumed.

3.2 The Per Capita Growth Rate

We now use the above results to show how the tax system influences economic growth
in our model. A simple expression for the economy’s per capita growth rate g can be
obtained by substituting the decision rules for y, and i;, (17) and (18), into the law

of motion (4), and taking logarithms to obtain

k . s o
g = In ad =ln———yH] =ln———(”1 =1In [AS‘L‘AWS (%)0 T+
°t Yt C
(O—%)In[l~(1z+l)7] — SIn{l —¢p(n+1)7]. (24)

Notice that g is constant over time. which implies that the economy is always in a

"This result can be formally proved by examining the sign of the derivitive %"1- =

T e Since v > 1, we know that 4y — 1 > 0. Then if 0 < (n+1)7 < 1, we

have 24 < 0.
on

31t can be shown that whenn >0 and 0 < (n + 1)7 < 1, we have %: >0 and %‘;{- < 0.



condition of balanced growth, i.e., our model exhibits no transition dynamics.!* The
growth effects of the individual tax code parameters 7, n, and ¢ are described by the

following derivatives:

dg = —b6(n+1) (1-¢)7y+¢(1—-0)1—-(n+1)7]
or (9+"/‘1){ l—(n+1)7ll —¢(n+1)7 } < 6 (25)
99 _ —67 (1-¢)y+o6(1—8)[1 = (n+1)7] ‘

on (‘9+7—1){ N—(n+1)7Al-¢m+1)7 }< 0,  (26)
99 _ _btntN)7 4 | o

8¢ l—¢(n+1)7

where the signs of the derivatives are based on the assumption that ¢ € [0, 1] and
0 < (n+1)7 < 1. Holding everything else constant, equation (26) tells us that
a reform that makes the tax schedule flatter will reduce the slope parameter n and
thereby increase growth. Equation (27) shows that a more generous write-off fraction
¢ will also increase growth. The flat tax proposal of Hall and Rabushka (1985, 1995)
incorporates both of these changes. Notice that the magnitude of the growth effects
are influenced by the parameters 5. 0. and 8. The parameter ~ controls the elasticity
of household labor supply. 8 is capital’s share of output, and § is the elasticity of the
capital stock with respect to new investment.

An increase in either ~ or ¢ will cause gﬁ to become weaker, but will have no effect
on g}%- An increase in 6 will cause both f)ﬁ and gf to become stronger.!® The intuition
for these results is straight{forward. A larger value of 4 implies that household labor
supply is less sensitive to changes in the after-tax wage. A larger value of 8 reduces
the contribution of the labor input to production. Thus, both parameters impact
growth via the labor hours channel. In contrast, é influences growth through the

investment channel. A larger value of & means that households devote more of their

income to investment instead of to consumption. This magnifies the impact of tax

"This is a general characteristic of endovenous grawth models with a production technology that

15 linear in k. See Barro and Sala-i-Marun (1995), Chapter 4.
Y Formally, this can be shown by exannmng the signs of the second derivitives ;3—{:)— | %"’; | and
—(,,%' ! %g |. where | | represents absolute value and p, {~,6,6}. A positive (negative) second

derivitive imnplies that an increase o the parameter will cause the growth eflect to become stronger
(weaker).
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reforms that affect investment incentives.
It can also be shown that g% becomes stronger as n increases. This means that a
more generous write-off produces larger growth gains when applied to a steeper tax

schedule.

3.3 Revenue Neutrality

The flat tax proposal of Hall and Rabushka is designed to be “revenue neutral.” The
intent of the plan is to improve economic efliciency while leaving aside arguments
about the appropriate size of government. Since tax reforms in our model affect
the trend growth of all variables, the concept of revenue neutrality used here is
necessarily a relative one. Specifically, we hold tax revenues constant relative to
the size of the economy. Given that tax revenues must finance public expenditures
according to Ry = Yy, revenue neutrality requires that ¢ remain unchanged as tax
code parameters are varied. By substituting equations (6), (7), and (18) into (12)
and imposing equilibrium, we obtain the following relationship among the tax code

parameters:
1-(n+1)7 ] a}

w=71-oap | — "L
{ "N-—om+1)7

(28)

In our experiments, a particular tax reform may cause n, ¢, and a to change.
Revenue neutrality is maintained by adjusting 7 under the new system so that (28)
is satisfied at the pre-reform value of ¥.'¢ In general; adopting a flat tax requires a
higher post-reform value of 7 to pay for the more generous write-off and deduction
features. Since :—j% < 0 from equation (25). a higher value of 7 mitigates the resulting
growth benefits.

In the remaining sections of the paper. we undertake a quantitative evaluation of

a flat tax in a calibrated version of the model.

4 Calibration

Parameters are assigned values based on empirically observed features of the U.S.

economy. kor parameters that are important to the results, a range of values is

"% Duye to the presence of an investment tax Lafler curve, there are actually two values of 7 that
satisfy this requirement. We pick the smaller of the two in our quantitative experiments.

11



examined.

A time period in the model is taken to be one year. The tax code parameﬁers
7 and n are estimated from the 1994 U.S. tax schedule for married taxpayers filing
jointly. Figure 1 shows that there are five different marginal tax rates, ranging from
i5 to 39.6 percent. These marginal tax rates are used to construct an average rate
schedule, which is also shown in figure 1.17

In figure 2, we plot the U.S. average tax rate versus the “income ratio,” which
we define as taxable income divided by its mean level. This ratio represents the
empirical counterpart of the quantity YL;;’&— in our model. In éonstructing figure
2, we use a mean taxable income of $40,000. This number is based on tax return data

from 1992 (the most recent available).® A nonlinear least squares regression of the

average tax rate on the corresponding income ratio yields the following relationship:

Average Tax Rate = 0.1823 (Income Ratio)®?"**.

Comparing the above expression to equation (6) yields 7 = 0.1823 and n =
0.2734.19 Figure 2 shows that the fitted relationship is flatter than the U.S. tax
schedule for income ratios between about 1.0 and 2.0, but steeper for income ratios
that fall into the lowest tax bracket. For the mean level of taxable income, the income
ratio is exactly 1.0 and the fitted relationship underestimates the progressivity of the
U.S. tax schedule. This suggests that our calibration procedure yields a conservative
estimate of the growth benefits of adopting a flat tax.

The tax code parameter a is calibrated by dividing the total dollar amount of

7For each level of income, the average tax rate is defined as total tax payments divided by total
taxable income. For example, a married couple whose total taxable income is $100,000 would pay
15 percent on the first $38,000 of their income, 28 percent on the next $53,850, and 31 percent on
the remaining $8,150. This adds up to a total tax payment of $23,304.50, which corresponds to an
average tax rate of 23.3 percent (= %}%%—Q x 100).

" There were 41,577,964 joint returns filed in 1992, which accounted for a total taxable income of
$1,653,210,099,000. Dividing the second number by the first yields a mean taxable income across all
joint returns of $39,762. See U.S. Internal Revenue Service, Statistics of Income Bulletin, volume 15,
Summer 1995, table 3, p. 77.

YGouveia and Strauss {1994) estimate U.S. average tax rates from 1979 to 1989 using a functional

—1
form that employs three parameters: Average Tax Rate = {1 — |s (Economic Income)? + 1]

where “Economic Income” is expressed in thousands of dollars. In our model, this specification would
cause the asymptotic average and marginal tax rates to both equal b, since household income grows
over time.
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standard deductions taken in 1992 by GDP. This yields a = 0.06.20 The write-
off fraction ¢ is chosen such that the_mag‘nitude of the investment write-off ;¢
coincides with the value of a standard capital depreciation allowance T¢6k;, where we
take 6 = 0.07. Given our target values of ﬁ- = 2.6 and 3—3‘; = (.22 (described below),
we obtain ¢ = 0.07 (£42) = 0.8273.

Substituting the above values for 7, n, o, and ¢ into equation (28) yields ¥ =

0.1382. This means that tax revenues represent about 13.8 percent of output in our

U=t D)7 . 9.0496, which shows that

1-¢(n+1)7
the effective tax rate that governs the investment/saving decision under our cali-

model. Also with these values, we have 1; =

bration is very low. This is probably a reasonable portrayal of current U.S. tax law
because a large fraction of U.S. savings is done through vehicles like pensions, Individ-
ual Retirement Accounts (IRAS), and 401k plans, which already receive consumption
tax treatment.?!

Following Greenwood, Hercowitz, and Huffman (1988), we choose v = 1.60 as our
baseline value, which implies that the intertemporal elasticity of substitutionin labor
supply 7—11' is equal to 1.7. As noted by these authors, this value lies about midway
in the range of the empirical elasticity estimates. We set capital’s share of output
equal to # = 0.36, which is within the range estimated by Christiano (1988). Later,
in our sensitivity analysis, we will examine the effects of varying both v and 6.

Given the parameter values noted above, we simultaneously pick the remaining
five parameters Ag, A;. 8, B. and 3 so that the model’s balanced growth path displays
five characteristics identified from long-run U.S. data. The first characteristic is the
economy’'s per capita growth rate which is set at 1.80 percent in order to coincide with
the postwar U.S. average. The sccond and third characteristics are the capital-output
ratio -’;’l- and the investment-output ratio j’: We choose %{- = 2.6 and -!% = (.22, again,

to coincide with postwar U.S. averages.?? The fourth characteristic is labor supply.

291 1992, total standard deductions were $366.5 billion and nominal GDP was $6202 billion. See
.S, Internal Revenue Service, Statisties of Income Bulletin, volume 15, Summer 1995, table 7, p.
160, and Economic Report of the President, 1995, table B-1, p. 274.

TWe acknowledge Bill Gale and Ken Judd for making this point.

22The sample period is 1954 to 1992, The series for k; and i, include business equipment and
structures, consumer durables, and residential components, in 1987 dollars, from Fized Reproducible
Tangible Wealth tn the United States, U.S. Department of Commerce (1993). The “capital input”
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Given a time endowment normalized to one, we choose ! = 0.30, which implies that
households spend about one-third of their discretionary time in market work. The
fifth characteristic is the real after-tax interest rate.2> We identify two values that are
of particular interest. One is 6.9 percent, which is thé value estimated by Cooley and
Prescott (1995) using data from the U.S. National Income and Product Accounts.
The other is 4.0 percent, which is a value commonly used in macroeconomic research.
Table 1 summarizes the baseline parameter values that we obtain using the above

methodology.

Table 1: Baseline Parameter Values
After-Tax Interest Rate

Parameter 6.9 % 4.0 %
T 0.1823 0.1823
n 0.2734 0.2734
o 0.0600 0.0600
10) 0.8273 0.8273
Y 0.1382 0.1382
0 0.3600 0.3600
~ 1.6000 1.6000
Ao 0.8311 0.8311
Ay 1.2714 1.1201
é 0.0899 0.0386
B 0.8109 0.8109
g 0.9524 0.9790

Notice that 8 is significantly higher when we calibrate to an after-tax interest rate
of 6.9 percent. As discussed in section 3.2, this means that the growth effects g% and

.id-;{ will be stronger under this calibration.

5 Quantitative Results

Figures 3 through 7 summarize the results of our quantitative experiments. To con-
struct these figures, we use equation (24) to compute the growth rate under a pro-
gressive tax system and various versions of a flat tax system. On the vertical axis

of each figure, we plot the difference in growth rates Ag, where Ag measures the

version of the net stock series was used for the capital data (see footnote 6). The data for y, is
obtained from the Citibase series GNPQ.

B3The after-tax interest rate 7 is defined by introducing privately issued real bonds (which exist in
zero net supply) into equation (2). The first order condition for bonds gives # =exp (¢ —In3) — L.
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increase in growth that occurs when switching from a progressive tax system to a
revenue neutral flat tax. Given our use of logarithms to define g, the first term in
equation (24) has no effect on the magnitude of Ag.

In most of our experiments, a flat tax is defined by n = 0 and ¢ = 1, consistent
with the proposal of Hall and Rabushka. However, in one experiment (figure 5), a
flat tax is defined by n = 0 and ¢ = 0.8273, i.e., there is no change in the investment
write-off. The purpose of this exercise to identify the growth gains attributable to
changes in n versus changes in ¢.

The standard deduction parameter is held fixed at O.z = 0.06 for all tax systems
except in one experiment (figure 6), Where we allow the deduction under the flat
tax to vary over a wide range. This is done to examine the impact of a reform that
combines a lower marginal tax rate with a more generous standard deduction. Most
flat tax plans, including the proposal of Hall and Rabushka, incorporate a larger
deduction to provide features of progressivity and to limit the burden of taxes on the
poor.

In all of our experiments, we consider three different values of the parameter
~. Recall that v controls the intertemporal elasticity of household labor supply.
We consider the values v = {1.333, 1.6, 6.0}, which correspond to elasticities of

1

=1 = {3.0, 1.7. 0.2} | respectively. This range spans the vast majority of elasticity

estimates obtained from empirical studies.?*

For each value of v, we calibrate the
other parameters to match the long-run characteristics of U.S. data, as described in
section 4.

In figure 3, we plot Ag versus n for the three values of v noted above. At the far
left of the figure, we have n = 0 which implies that Ag is due solely to the change
in the write-off parameter ¢. At this point, implementing a full investment write-off
raises growth by about 0.2) percentage points. Recall from section 3.2, however,
that a more gencrous write-off produces larger gains as n increases. Moreover, as n
increases, the progressive tax schednle becomes steeper and the gains from setting

n = 0 also become larger.

2Gee Mulligan (1995) for a review and summary of the various studies.

18



When n = 0.2734, the progressive tax in our model matches the steepness of the
U.S. federal tax schedule. At this point, with 7 = 0.1823, the marginal tax rate is
given by (n+ 1) ¥ = 0.2321. From equation (28), a flat tax withn = 0, ¢ = 1, and
a = 0.06 requires a post-reform value of ¥ = 0.1950 to maintain revenue neutrality.
Thus, a flat tax results in a lower marginal tax rate, but requires a higher average
tax rate to pay for the more generous investment write-off.

Figure 3 shows that when n = 0.2734, the annual growth gain is between 0.509
and 0.850 perceniage points, depending on the value of v. A larger ~ implies a
smaller growth gain. This confirms the analysis of section 3.2. A larger v means
that labor supply is less sensitive to changes in the after-tax wage, which makes gn-‘l
weaker. In switching to a flat tax, labor hours increase by only 0.9 percent (from
0.3 to 0.3027) when v = 6, but increase by 7.0 percent (from 0.3 to 0.3211) when
~v = 1.333. These results also confirm the findings of Stokey and Rebelo (1995) and
Milesi-Ferretti and Roubini (1995) who show that the growth effects of distortionary
taxation are sensitive to assumptions about the elasticity of household labor supply.

For the baseline value of v = 1.6, the model predicts that a flat tax will increase
growth by 0.74 percentage points per year (from 1.80 percent to 2.54 percent). This
figure implies enormous gains in output and welfare over time. For example, a growth
rate of 1.80 percent will cause GDP per capita to double in 38.9 years, whereas a
growth rate of 2.54 percent will cause GDP to double in only 27.6 years. In terms of
welfare, this translates into a 10.3 percent increase in household consumption each
period—forever.2

Figure 4 shows that the growth gains are substantially smaller when the model
is calibrated to an after-tax interest rate of 4.0 percent. The gains are now between
0.218 and 0.365 percentage points. A lower interest rate implies a smaller value of §

:

R . . . ) )
in the calibration. which makes f,;—’l and (i,—i— weaker.

2 From (1) and (21), the houschold’s value function is given by V (ko) = ZZO B'1n (boy:) .

Using (17), (22), and (24), the value function can also be written as V (ko) = ‘(’;1—:13') +
) : L oant L) T
“A 'En‘ by Inky. where do by {,\3 (Tif) (1 —(nt 1)7] . Our welfare measure

i~ 100 {exp[AV (1 — S} = 1} . where A7 is the inerease in lifetime utility that occurs when adopting
a flat tax. Since the initial capital stock enters the expression for V (ko) in an additively separable
way, the value of by does not affect our welfare computation.
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In figure 5, we hold the write-off parameter fixed at ¢ = 0.8273 and compute the
gains attributable solely to a change in the slope parameter n. At the far left of figure
5, we have Ag = 0, since both tax systems are now identical when n = 0. When
n = 0.2734, the gains are between 0.183 and 0.633 percentage points. When vy = 1.6,
we have Ag = 0.49. Comparing this result to the value of Ag = 0.74 obtained earlier
from figure 3 shows that both features of a flat tax—the lower marginal tax rate
and the full investment write-off—are important contributors to the growth gain.
The lower marginal tax rate accounts for about two-thirds of the gain, while the full
write-off accounts for one-third. '

In figure 6, we vary the standard deduction under a flat tax over a wide range. For
this experiment, the model is calibrated to an after-tax interest rate of 6.9 percent
and n = 0.2734. We plot Ag versus the ratio %ﬁ, where oy and oy, denote the standard
deduction parameters under a flat tax and a progressive tax, respectively. We hold
oy fixed at 0.06 and allow ay to vary from 0 to 0.18. As the ratio %ﬁ increases, the
growth gains become smaller because revenue neutrality requires a higher post-reform
tax rate. At the far right when Z—:IL = 3. the post-reform tax rate is 7 = 0.2348. At
this point, with v = 1.6, the model predicts a growth gain of 0.437 percentage points.
Thus, the desired features of progressivity that are achieved through a more generous
standard deduction come at the cost of sacrificed growth gains.

Finally, figure 7 plots Ag as a function of capital’s share of output 6. Again, the
model is calibrated to an after-tax interest rate of 6.9 percent and n = 0.2734. As
0 increases, the contribution of the labor in.put to production becomes smaller, and
the gains from adopting a flat tax are reduced. When 8 = 1.0, the link between
labor hours and growth is completely eliminated and a flat tax stimulates growth
only through the investment channel. In this case. the model predicts a growth gain

of 0.458 percentage points.

The experiment depicted in fignre 7 provides information about how our model
would perform under an alternative specification” of the human capital technology.
Our formulation implies that houscholds nnderinvest in human capital relative to the

socially optimal level because their decisions do not take into account the learning by



doing externality. As 6 approaches 1.0, this externality is eliminated, but the growth
gain remains significant at 0.458 percentage points. Thus, we believe our results are

reasonably robust to alternative mechanisms for accumulating human capital.

6 Conclusion

This paper developed a éimple theoretical framework to assess the growth effects of
a flat tax. The model captures the incentive effects of rising marginal tax rates on
household decisions to consume, work, and invest. These decisions, in turn, determine
the rate of economic growth. Our model predicts that a revenue neutral flat tax can
permanently increase per capita growth by (.18 to 0.85 percentage points per year
relative to a progressive system calibrated to match features of the U.S. federal tax
schedule.

While our model is admittedly an abstract and simplified representation of the
vastly complex U.S. tax code, we believe it provides some useful insight into the
potential benefits of currently proposed tax reforms. By imposing the discipline of
general equilibrium and revenue neutrality, we have attempted to take into account
the macroeconomic repercussions that are likely to be induced by a major overhaul
of the U.S. tax system. We expect that the model characteristics we identify as
important for determining the strength of the growth gain will also be present in
more complicated models. A more comprehensive analysis would need to explicitly
address the distributional consequences of a flat tax, since its political feasibility

depends crucially on perceptions of fairness and equal sacrifice.?

2°See Altig and Carlstrom (1995) and Ventura (1996) for analyses of the distributional conse-
quences of tax reform in life-cycle moadels.
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