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ABSTRACT

The relative efficiency of alternative income tax systems is
analyzed in a dynamic, general equilibrium model having an endoge-
nous labor supply and imperfect risk sharing. This theoretical
model allows different tax systems to be compared with respect to
their labor distortion effects, their automatic income stability
properties, and the welfare they provide on average to a repre-
sentative consumer-laborer. The comparisons are done for the
optimal tax parameters under each given tax system. Despite a
role for income stabilization, the optimal income tax schedule
turns out to be regressive.

The views expressed herein are those of the author and not neces-
sarily those of the Federal Reserve Bank of Minneapolis or the
Federal Reserve System.



In the last year, proposals for a flat-rate income tax
system have been advanced or proclaimed by prominent economists
(including Robert Hall and Milton Friedman), President Reagan, and
representatives and senators of both political partiesal/ Argu-
ments in favor of these proposals point out the distortions caused
by our current, progressive tax system. But because they fail to
consider the automatic income stabilization our current system
provides, the arguments are incomplete. The purpose of this paper
is to analyze the desirability of alternative income tax systems
in a setting where income taxes distort individual laﬁor—leisure
decisions and where there is a role for income stabilization. For
the specific examples examined in this paper, it is favorable to
give up some income stability for reduced labor distortion so that
the arguments for moving away from a progressive tax system still
seem valid.

The proposals that have been advanced generally consist

of two parts: first, to raise a givén amount of revenue by broad-

This paper was originally prepared for the Carnegie-Rochester
Conference on Public Policy, Spring 1983. I want to thank the
Administrative and Technical Support areas of the Research Depart-
ment for their very capable assistance in its preparation.

/10 the Wall Street Journal article "Simpler Tax ILaws
Are a Top Priority: Flat Rate Is among Ideas," Kenneth BRacon
reported that ". . . Mr. Reagan called the simplification of the
tax laws a '"top priority' of his administration. One of the
possible changes the White House is looking at, he said, is a move
toward a 'flat rate' tax . o " (January 21, 1983, p. 4). Mean-
while, in the Ninety-seventh Congress, 12 comprehensive income tax
bills were introduced that proposed moves toward a proportional
tax. Included among these are the Flat Rate Tax Act of 1982 H.R.
5513 (Rep. Crane, R.) and S.2200 (Sen. Helms, R.); the Income Tax
Simplification Aet of 1982 H.R. 6070 (Rep. Panetta, D.); and the
Fair Tax Act of 1982 H.R. 6944 (Rep. Gephardt, D.) and S.2817
(Sen. Bradley, D.).
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ening the tax base and lowering the average tax rate and, second,
to move from a progressive tax rate structure to a single flat
rate. The first part of the proposals conforms to a general tenet
of optimal taxation and seems desirable. Since it can be imple-
mented with any tax rate structure, it is not addressed in this
paper. The second part, which is addressed, has consequences for
both income distribution and efficiency that make its desirability
difficult to evaluate.

A change from the current progressive income tax struc-
ture to a flat rate requires for a given level of revenue that the
rich pay relatively less and the poor pay relatively more. The
desirability of this change in income distribution or of off-
setting it through other taxes and transfers is a political con-
sideration.

But even if income distribution is held constant, the
proposed change in tax structures has opposing effects, which make
an efficiency ranking of the two taxes difficult to determine. On-
the one hand, a flat-rate structure provides a smaller disincen-
tive to work and thus interferes less with the decisions of con-
sumer-laborers. On the other hand, a flat-rate structure provides
less automatic income stabilization, which can be welfare reducing
when people are risk averse and there is imperfect risk sharing.
An efficient tax structure mst give weight to both types of
effects.

In this paper, the relative efficiency of alternative
income tax systems is analyzed in a dynamic, general equilibrium

model having an endogenous labor supply and imperfect risk shar-
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ing. This theoretical model allows different tax systems to be
compared with respect to their labor distortion effects, their
automatic income stability properties, and the welfare they pro-
vide on average to a representative consﬁmer-laborer. The compar-
isons are done for the optimal tax parameters under each given tax
system.

The model incorporates a primitive business cycle.
Labor productivity in each period is assumed to be an independent,
identically distributed random variable. Individuals choose how
many hours to work and, hence, how much income to earn, based on
knowledge of the state of labor productivity and taxes. Thus,
income can vary from period to period according to the state of
labor productivity and the response of workers to different re-
turns to labor.

Taxes can stabilize income in this model by moderating
the response of labor supply to productivity changes. It is
assumed that individual preferences imply that labor supply is
positively related to the after-tax return to wofk. One +tax
stabilizes income relative to another when the stationary distri-
bution of income it implies has a smaller variance.

The different tax systems that are compared include lump
sum, flat tax, contingent flat tax (where the contingency is with
respect to the state of either productivity or income), and quad-
ratic tax schedule (allowing a progressive or regressive tax

structure)rg/ The lump-sum tax system is included to provide a

-‘?-/A tax structure is defined in this study to be pro-
gressive, proportional, or regressive as the second derivative of
(footnote continued)
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standard for comparison: it delivers the optimal allocation of
goods. It is ruled out as a practical alternative, however, so
that some form of income tax mst be used.

Comparison of +the contingent and single flat taxes
demonstrates a role for income stabilization. The optimal contin-
gent flat tax is found to have a higher rate when the econorny is
strong than when it is weak, thus stabilizing income relative to a
flat-rate system. Moreover, because a contingent flat tax in-
cludes a single flat tax as a special case, it is clear that the
optimal contingent flat tax increases welfare relative to the
optimal single flat tax.

Despite this role for income stabilization, the optimal
income tax schedule turns out to be regressive. Although a re-
gressive tax schedule reduces income stability relative to a flat-
rate system, it more than offsets that loss with a decrease in
labor distortion. The optimal regressive +tax structure then
improves on welfare relative to either the single flat-rate or
contingent flat-rate systems.

Several implications follow from the model and results.
First, it is possible to construct a dynamic model of business
fluctuations that permits a welfare analysis of alternative tax
structures. Second, such an analysis is necessary in determining

the desirability of alternative income tax structures. Judging

tax revenue with respect to income is positive, zero, or negative,
respectively. A tax is regressive, for example, if the marginal
tax rate declines as income increases. A tax structure describes
the taxes a given individual faces at different levels of income.
Thus, in this study, progressivity and regressivity do not refer
to the distribution of tax burdens across individuals in different
income classes.



-5

desirability based solely or macroéconomic criteria, such as
income stabilization properties, can be misleading. Third, the
relative efficiency of a nonprogressive tax system in a dynamic
setting is consistent with findings of previous studies done in a
static settingsil If nothing else, this strengthens the argument
for moving away from a progressive tax system.

In the next section, the model and methodology are
described under somewhat general assumptions about utility and
production functions. In the following section, those assumptions
are specialized to allow derivation of explicit expressions for
demand and supply functions and for optimal tax rates. The spe-
cialized utility functions allow average welfare to be divided
into parts relating to tﬁe means and variances of consumption and
leisure in each period of an individual's life. It can also be
divided into the loss due to labor distortion and the loss due to
instability. A comparison of alternative tax systems with respect
to average welfare and its components is then carried out for
numerical parameter values. Thé paper concludes with comments on

the limitations and possible extensions of the analysis.

THE GENERAL MODEL AND METHODOLOGY
The model is populated by overlapping generations of
two~period lived agents. Fach generation consists of N identical

agents with discounted utility functions

W(t) = Ule, (4),0,(6)] + 8 Uley(6),E (1)1,

-§/See Seade 1977,
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where for each individual born in period t,

ith

¢;(t) = consumption in period of life,

th

Ei(t) leisure in i“" period of life,

'f:i(t) e [0,1], and the contemporaneous utility function U is
assumed to be concave.i/

Each individual is endowed with one unit of time each
period. In the first period, that time can be divided between
leisure 'f'l and labor L: L + El = l. 1In the second period, all

the time mist go to leisure: 32 z 1.
A perishable consumption good y(t) is produced with

constant returns to labor:
v(t) = n(t)n(t),

where U is a serially uncorrelated random variable. A higher
value of U corresponds tg higher labor productivity and a better
state of the economy. The young at time t observe u(t) before
they decide how much to work.

In this economy, no private exchanges will occur.
Because the N young are identical and face identical production
possibilities, they cannot gain by trading among themselves. And
because the N old have only leisure, they have nothing to ex-

change.

A/ The t notation will be dropped when there is no con-
fusion.
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With no private exchanges, there is a role for govern-
ment tax-transfer schemes. It is assumed that the government has
available balaqced schemes under which it taxes the working young
and transfers the proceeds to the retired old.

The taxes that are considered are of the general form:
T(I,y) = k(I) + K (D)y + ko(1)y2,

where T is the tax collected from a representative worker and I is
the information available to the government. It is assumed that I
= 4 (full information) or I =y (incomplete information).

Given production and tax transfers, we then have for

consumption,
ey (t) = y(t) - ™(I,y) = u(¢)Llt) - T(I,y) and
eo(t-1) = 7(1,¥).

In general, the labor supply function L(t) will depend on labor
productivity u(t) and the tax system T(I,y). It is assumed that
the second-period transfer is independent of the individual's
first-period work effort.

The following tax systems are considered:

I. Lump-sum tax: I =y, ki =k, =0
IT. 1Income taxes: kg =0
A. Proportional: kry =0
1. Single flat rate: ky(I) =k (I")
2. State-contingent flat rate: I = q

3. Income-contingent flat rate: I =y
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B.  Nonproportional: I =y, ky(y) = kq, ko(y) = ko

The properties of alternative tax systems are found in
two steps. In the first step, labor supply functions are derived
for given labor productivity and given tax systems. Thus, L is
found by

max { E[w|u(t)] = U(cl,l—L) +8 E U(c2,l)}

L u(t+l u(t+1)

subject to ¢ = u(t)L - T(I,y) and ¢, independent of L. The con-
sumption of an individual in the second period of life es(t)
depends on the productivity of labor of the younger generation
u(t+l), the young's labor supply L(t+l), and the tax-transfer
system T(I,y); it does not depend on the individual's work effort
in the first period of life. Thus, the L found in the first step
depends only on observed productivity u(t) and the tax system T:
L = L(k,T).

In the second step of the solution, optimal parameters
for a given tax system are found by assuming that the government
chooses fixed parameters for all time in order to maximize the

average welfare of all generations from time t on:

max { EW = E U(c;,1-L) +B E Ule,,1)}
T u(t),u(t+1) u(t) n(t+1)
subject to
L(t) = Lin(s),7l, 0 S n(s) 1
y(t) = u(t)n(t)
cy(t) = y(t) - Tl1,5(%)]

T{I,y(t+1)].

C2(t)
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Some defense of this second step is required. First,
the maximization is actually with respect to the expected welfare
of a representative individual of generation t, where the expecta~
tion is taken before u(t) is observed. Because all generations
are composed of identical agents, the solution to the former
problem mist also be the maximizer for all future generations. If
the government observed u(t), then the young at time t and all
future generations could not be treated symmetrically. Second, it
is assumed that the labor supply functions are time invariant, but
that is a clear implication of the stationary setup of the model.
Similarly, the stationary setup of the model justifies considering
tax systems with fixed parameters over all time. Finally, the
optimality criterion igr;ores the welfare of the old at time +t.
This was done to avoid miltiple Pareto optimal allocations and to
focus on unique steady-state optima. The old want only the
largest transfer possible and do not care about labor incentive
effects. Thus, there is a broad range of tax parameters that
makes the young and all future generations worse off but makes the
old better off as it raises their transfers. Such a range would
correspond to Pareto noncomparable allocations if the welfare of
the old were included. (Because the optimality criterion gives
equal weight to the welfare of the young and all future genera-—
tions, extending the criterion to the old would give them a very
small [zero] weight, anyway.)

Once optimal parameters have been determined for given
tax systems, it is possible to compare economies operating under

different systemse. The model generates distributions of con-



- 10 -

sumption, labor, and income and allows a ranking of the tax sys-

tems with respect to the average welfare they imply.

SOLUTIONS UNDER SPECIAL ASSUMPTIONS

In this section, relationships are derived under special
assumptions about wutility and production functions, and then
solutions are reported given numerical parameter values for these
special functions. The specific, numerical examples illustrate
the feasibility of the approach, the types of micro and macro
information it can provide, and the optimality of nonprogressive

income taxes in a well-specified model of the economy.

Simplifications

Contemporaneous utility is assumed to be a quadratic

function of consumption and leisure:
U(e,L) = -A(c-c*)“ - B(L-L*)“; A > 0 and B > O.

Although this form for the contemporaneous utility function was
chosen partly for mathematical convenience, it was also chosen to
conform to objective}functions used in standard models of income
stabilization policy»éj The parameters c* and L* can be con-
sidered to be either the target or satiation levels of consumption
and leisure, respectively. In order for the utility function to
be nicely behaved, it must be assumed that c¥* and T* are at least

as large as any attainable levels. Given this interpretation of

5/ cross-product term -C(c-c¥*)(L-L¥) was initially
included, but it seemed to complicate the analysis without provid-
ing additional insights. It, therefore, was dropped.
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c* and i*, it both makes sense and further simplifies the analysis
to set T* = 1.

An advantage of a quadratic utility function is +that
expected utility can be decomposed into the squared deviations of
expected consumption and leisure from their targets and the vari-
ances of consumption and leisure. Given the special assumptions

made above, it follows that

EW = E U(cl,l-L) +B8 E U(c2,l) =
u(t),u(e+1)  u(s) u(t+1)
— 2 2 —0 2 — 2 2
-A(cl-c*) - Aocl - BL™ - Bop - BA(cz-c*) - BAocz,

where (*) and o%.) can be considered unconditional expectations
and variances, respectively, because u is i i d. Given this
utility function, the utility loss from labor distortion can be

associated with the terms:

2

Distortion = -A(Ei—c*)2 - BL® - BA(Eé—c*)z

and the utility loss from income instability can be associated

with the remaining terms:

Instability = —AG> - Bo2 - BAG ©.
c L c

1 2
As the last expression makes clear, it is the variance of consump-
tion and leisure, and not the variance of income per se, that
leads to a loss in utility. .
The productivity shock 1is assumed to be a Bernoulli

random variable with probability of either state occurring being

1/2:
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1/2

P(ut=uB)

1/2.

]

plug=us)

Without loss of generality, the "bad" state productivity up is set
equal to 1, and the "good" state productivity Ug is set equal to 6

> 1.

Basic Relationships Under Alternative Tax Systems

Given the special assumptions, it is straightforward to
derive distributions for consumption, labor, and income under
postulated tax systems. These distributions indicate the level of
each variable in each state of the economy. For the lump-sum and
proportional tax systems, it is also possible to derive explicit
expressions for the optimal taxes. The distributions and tax

expressions are derived below for the different tax systems.

Lump~sum
Labor supply functions conditional on the observed state

of the economy are derived from the problem:

max [ EW|[u ] = mex [-Ale,-c*)? - BLZ]
L

L .
subject to

cq = uL—ko(u) and
oS S1,

Letting 'B' and 'G' superscripts denote functions or taxes condi-
tional on the state Up or U,, respectively, and assuming an inte-

rior solution, we obtain the labor supply functions:
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A(kB+c*) AB (kG+c*)
B 0 G 0
ABT+B

These labor supply functions indicate that lump-sum
taxes are not neutral; labor supply, in fact, increases as the
lump-sum tax increases. The reason is that although a change in
the lump-sum tax has no substitution effect with respect to lei-
sure, it does have an income effect. With both consumption and
leisure being normal goods, a rise in the lump-sum tax lowers
income and decreases the demands for both goods.

Given the labor supply functions, income and consumption

conditional on each state are

yB - LB yG = eLG
B__B B G__G G

c, =y - ko ¢, =y - ko
B _,B G _,G

e, = ko e, = kO'

The means and variances of consumption, labor, and income can
easily be calculated given their distributions.
The optimal Iump-sum taxes contingent on the observed

state of the economy are found as solutions to the problem:

max {EW = -A(c. —e*)2 - ao® - BP - B - BA(T —c*)2 — BAc® }.

1 c L 2 c
kB kG 1 2
00

The maximizing values of kg and kg are found from the first-order

conditions to be
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“B _ [B(a+B)-Blc* . %G _ [B(40°+B)-Blc* ¢/
0 = B(A+B)+B and ko = 5 . =
B (A8°+B)+B

The distributions of consumption, labor, and income can then be
found by substituting the tax rates ig and %g in the functions
derived in the earlier step. Maximum expected utility is the
value of +the objective function calculated for the means and
variances of consumption and labor from these distributions.

The lump-sum tax system serves as a standard of compari-

son for the income tax systems that follow.e In deriving optimal

income taxes, it is assumed that no lump-sum taxes are feasible.

Proportional

The optimal tax rates k (I) for the three types of
proportional tax systems considered (single flat rate, state-
contingent flat rate, and income-contingent flat rate) are all
found from small variations of the same problem. In order to
avoid repetition, therefore, only the solution to the state-con-
tingent flat tax is described in detail. The differences in the
other solutions are simply noted.

Labor supply functions contingent on the observed state
of the econonmy are derived from the problem:

max| EWlut] = max[-A(cl-c*)2 - BL2]

LMy L

éjIn order to have_an interior solution, the maximizing
values of kg must imply cq 2 0, co 2 O, and O £L 21 for each
state of the economy. These conditions depend on all the param-
eters of the utility and production function. The examples that
follow prove that parameter values exist under which all condi-
tions are satisfied as striect inequalities.
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subject to ¢; = [1-ki(n)]uL and 0 S 1 2 1. Assuming an interior

solution, the state-contingent labor supply functions, LB and LG,

are given by

Ac*(1-kD) Ac#6 (1-k7)
B 1 1
L™ = —__——i;??—_ and L = 5 N .
A(l—kl) +B A8 (1_k1) +B

Labor supply can either increase or decrease with re-
spect to an increase in a proportional income tax. That is be-
cause a change in a proportional income tax has both a substitu-
tion effect and an income effect. It is assumed here, and in all
numerical examples that follow, that an interior solution obtains

and that the substitution effect dominates to imply

Ll(kl) > Ll(kl+Ak), Ak >0, and i =Bor i =@

and
B,. B GGy .. .B_ .G
L (kl) <L (kl) if k) = k.

An interior solution along with the two conditions immediately

above is assured when

Ac*

A62+B

£1 and B > A92.

Given the labor supply functions, income and consumption

conditional on each state are

yB = LB yG = eLG
B _ B, B G _ G, G
c = (1fkl)y ey = (1-x])y
B_.BB G _.,G G
ey = kly e, = k2 A
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Again, the means and variances of consumption, labor, and income
can easily be calculated given their distributions.
The optimal state-contingent flat rates are found as

solutions to the problem:

max {EW = -A(c -c*)® - a0® - BI® - BoZ - ga(c %) - 8ad® 1.
2

B .G 1

]
The maximizing values of kf and ki are found from the first-order

conditions to be the single roots in the interval (0,1) that

satisfy the equations:

(1) 282 (k ) + [- 78A~h8B+B]A(kB)3 [96A+9BB-3B]A(£§)2

+ [-SBA?—TBAB-2832+3AB+32](if) + [8A%+2BAB+BB2-AB-B2]=0

(2) 284%0 (k "o [-7BA92_hsB+B]A92(£$)3

+ [9BA92+9BB~3B]A92(£§)2

+ [-5pa2e™

+ [Ba20"4082B02 1852 2802 53] = o.

-TBABe -2BB +3AB+B ](k )

Single roots in (0,1) satisfy these equations when

B, 1/
B > B

a

Probably the most interesting feature of these equations in k? and

kg is their complexity, given .the extremely simple setup of the

model. There is virtually no hope of determining analytically the

T/Thls condition is also required to guarantee that the
optimal lump-sum taxes (and, thus, second-period consumption), O
and k5, are positive.
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distributions of consumption, labor, and income and expected

welfare under the optimal tax rates k? and kﬁ.

The optimal single flat tax can be found using the
state-contingent labor supply functions above and then requiring
kf = kg = kl. Maximizing EW with respect to k. gives the optimiz-~
ing value of kl as the single root of the equation found from the

first-order condition:

3

(3) 2BA2(1+9h)£1{ + [—78A2(1+9h)—hBAB(l+62)+AB(1+62)]1;1

+ [9BA2(1+61‘)+98AB(1+92)-3AB(1+92)]f:f
+ [-584% (1+6h)-TBAB(1+62)-h832+3AB(1+62)+QB2]1;1
+ [BA2(1+el‘)+2sAB(1+62)+23132-AB(1+92)-2B2] = 0.

The optimal income-contingent flat tax can duplicate the
consumption and leisure distributions of the optimal state-contin-
gent flat tax, when individuals have the incentive to work longer
in the good state. Let ;B be the level of income in the bad state

~

under the optimal state-contingent tax kB

1° The income-contingent

tax system then can be defined:

>

for y s y
k (y) =

W
HQ -
>
td
L ]

for y >y

Given this tax schedule, the individual will decide to work LB

-~

hours in the bad state and generate income yB. In the good state,

however, the individual has two choices. He can face the tax rate

ki and decide to work LG hours as under the state-contingent

G'

system. Or, he can work [[¥ = iB/e hours to produce income ;B and



- 18 -

-~

face the tax rate kf. The income~contingent tax system is incen-
tive compatible if the individual chooses the first option and

that requires

~G2 >

12 _pr2 2 -A[(l-lf:f)iB-c*]2 - B(5B/0)2.

Al (1-k3)6rC o
If this condition is satisfied, the optimal income-contingent and
state~-contingent systems will be equivalent. If it is not satis-
fied, the optimal income-contingent flat tax system will be either
the best incentive-compatible income-contingent rates or the best
low rate in an incentive~incompatible system. (The low rate will
be the only rate paid in an incentive-incompatible system.) The
choice between the two is based on which yields higher expected

utility.

Nonproportional

Under the nonproportional tax system, an individual
faces the tax rate kl + koye Thus, first-period consumption is
given by c¢; = (1-kj-koy)y. In terms of state-contingent labor

input, it is given by

ey () = a(u)L(u) - 8(u)n(n)2,

where

afn)

_S(M)

(1—kl)u and !

2
k21-l .

Labor supply functions conditional on the state of the econony are

derived from the problem:
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max  E[W|u(t)] = max[-Alc,-c*)? - BL?]
L u(t+1) L
subject to

eq = a(u)l - 6(u)L2 and

A
A

1.

Assuming an interior solution, the state-contingent labor supply

functions are given by the single real roots to the equations:

2 * %
® - (% 12 + [A(“ +20e )+B]L -2 =0,
248 268
where
for LB {g : i-kl and
2
G = (1-k1)e
for L 5 .
= k2e

A single real root is implied if B > Aﬁ2, a condition required
with proportional taxes to imply a stronger substitution effect
than income effect with respect to leisure.

Explicit solutions could be found for LB and LG from the
equations above, and then distributions for consumption and income
could be derived. The optimal tax parameters il and £2 could then
be found from maximizing EW.

That strategy was not followed, however, for two rea-
sons. It would be extremely tedious for one. And the expressions
would be so complex that it would be difficult to interpret or
manipulate them for another. Instead, labor supply is calculated
for the specific numerical examples that follow, and then optimal

values of kl and kE are found using a simple grid search routine

with an EW criterion.
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The Effectiveness of Automatic Stabilizers

As McCallum and Whitaker (1979) showed, policies that
affect the slopes of aggregate demand or supply curves can dampen
the response of output to shocks and, therefore, can be effective
automatic stabilizers, even with rational expectations. In this
analysis, income taxes affect the slopes of labor supply curves
and can dampen the response of output to productivity shocks.
Thus, income taxes can be designed to effectively stabilize in-
come. Because people correctly perceive the taxes, the effective~
ness of the automatic stabilizers does not depend on any surprise
element, and the Iucas critique does not apply.

When the government has as many policy instruments as
states of the economy, it potentially‘ can perfectly stabilize
income. That indeed is the case for the contingent proportional
income taxeé analyzed above. The state~contingent flat taxes that

perfectly stabilize income are giveh parametrically by

D - [62}\-1]1/2 [1]1/2
=1 - |— == . 1= .
1 _A62_ A-1 A
¢_. [BT2 [eBal2 .1s2
kl =1 - ) o ) o« A ,» and
_AS™ -
2B~ [(4+8)2ham/0?]1/2 ¢ <1
2A 62 *
. G B
They are the tax rates that imply L~ = L /6.

The state-contingent income taxes that perfectly stabi-
lize income are necessarily incentive incompatible if they are
used as income-contingent taxes. The individual could have both
more consumption and more leisure by paying the lower tax in the

good state.
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The income-contingent tax system can perfectly stabilize
income by exploiting the incentive incompatibility condition. If
kg is set equal to one, then the individual will always decide to
work LB/G in the good state to produce income yB.

In the numerical examples that follow, the optimal
state-contingent and income-contingent +taxes from +those that
perfectly stabilize income are reported in addition to the rates
that maximize EW with no side constraint. Although it is intui-
tively clear that perfect stabilizers cannot be optimal over the
whole feasib;e set of tax rates, it is instructive to examine why

they lead to a loss in welfare.

Numerical Examples

Parameter values of the utility and production functions
were chosen to imply internal solutions and a negative relation-
ship between labor supply and tax rates under a proportional tax
system. The initial parameter set is <A,B,c¥,8,0> =
<2,10,4,.9,1.5>, and the results under given tax systems are dis-
played in Table 1 (p. 27).

Outcomes under six different taxes are listed. The
first two columns are the outcomes under the optimal lump-sum and
optimal single flat tax, respectively. The third column is the
outcome under either the optimal state-contingent or the optimal
income-contingent flat tax because the taxes are incentive com~
patible in the latter case. The fourth column is the outcome
under the optimal nonproportional tax. The last two columns are
the outcomes under the best state-contingent and income-contingent

flat taxes, respectively, that perfectly stabilize income.
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Rows 1-2 list average tax rates; rows 3-6 list means of
consumption, labor, and income; and rows T-10 list variances of
these variables. Rows 11-1k list expected welfare, broken down by

the parts attributable to first-period consumption EW[cl] =

-A(-c—l-c*)e - Aci 3 labor EW[L] = -Bfe - Boi; and second-period
1
consumption EW[c,] = -BA(cE,-c*)2 - BAoi « The last two rows break

2
expected utility into the loss due to distortion and the loss due

to instability, where these terms are defined on pages 10 and 1l.

In comparing the outcomes across colummns, we see that
the single flat-rate tax is inferior to the lump-sum tax solely
because of its adverse incentive effects. It actually reduces
instability relative to the lump-sum tax. The relative loss in
expected utility occurs entirely with respect to second~period
consumption. In order to effect the same second-period transfer
as a lump-sum tax, the flat-rate tax would have to be too high,
resulting in too great a loss in labor supply and, consequently,
in first-period cons'umption.

The contingent flat-rate tax improves on expected wel-
fare over the single flat-rate tax, and the gain is entirely due
to reduced instability. It causes a larger loss with respect to
labor distortion. The contingent flat-rate tax raises the mean
and lowers the variaﬁce of labor for a net loss in terms of ex-
pected welfare. But it lowers the mean and variance of first-
period consumption while raising both for second-period consump-
tion, and each period's change in consumption results in a gain in

expected welfare.
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The optimal nonproportional tax improves on expected
welfare over either proportional tax system and comes in second to
the lump-sum tax. The nonproportional tax 1is regressive (§2 =
-.13), and the regressivity increases instability relative to the
proportional +taxes. It greatly reduces the labor distortion
effect, however, and, consequently, allows a larger second-period
transfer than do the proportional taxes.

Although the perfect stabilizing taxes reduce income
instability, they actually increase the instability of consumption
and leisure with respect to the optimal contingent flat-rate
tax. In this case, the perfect stabilizers are destabilizing with
respect to the things people care about: consumption and lei-
sure. Moreover, because the perfect stabilizers require a very
high tax rate when the state of the economy is good, they result
in large losses due to labor distortion. These losses show up as
lower mean consumption in each period.

Tables 2 and 3 (pp. 28-29) report the same type of
output as in Table 1 except for differences in parameters. Table
2 has the same parameter values as Table 1 except that B is in-
creased from 0.9 to 1.0. Table 3 has the same parameter values as
Table 1, but 6 is increased from 1.5 to 2.0.

The relationships observed in ﬁable 1 also hold up in
Tables 2 and 3. In particular, the rankings of the different tax
systems according to the EW criterion and their relative contribu-
tions to labor distortion and instability are unchanged.

An increase in B raises the average tax transfer and,

hence, second-period consumption. When B = 1, the optimal risk-
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sharing arrangement implicit in the lump-sum tax mekes first- and
second-period consumption equal. That equality is not remotely
approached under any income tax system.

An increase in 9 raises the tax transfer in the good
state because there is more income that can be shared. Although
the regressive income tax manages to reduce disincentives-—-even
relative to the lump-sum tax--it does so by creating considerably

more instability.

CONCLUSIONS

This paper demonstrates that automatic income stabi-
lizers can be effective, but income stabilization alone is not
sufficient in judging the desirability of policies. First, it is
not the stability of income that is important to individuals'
welfare; it is the stability of their consumption and leisure that
counts. The numerical examples in Tables 1 and 2 indicate that
. one policy can generate more stability of income than a second,
while generating less stability of consumption and leisure.
Second, the effects of policies on stabilization mst be weighed
with their effects on economic distortion in judging their desir-
ability. For all the numerical examples studied in this paper,
when taxes were optimally levied, the income tax system that
implied the most instability was the most desirable. The reason
is that it was able to more than offset the cost of inereased
instability with a reduction in labor distortion.

Although the conclusion that policies must be judged in

terms of expected welfare seems general, the conclusion about the

desirability of a regressive income tax could be a result of the



- 25 -

many simplifying assumptions made in constructing the model. The
conclusion undoubtedly could be overturned based on concerns about
income distribution. But even if income distribution is held con-
stant, the question remains whether a regressive income tax can
effect a favorable trade between less labor distortion and more
instability under more general assumptions about tastes, produc~
tion, and trade.

The answer at first appears to be "no." If an optimal
income tax system must balance the losses from distortion and
instability, a progressive tax system would seem desirable when
individuals are highly risk averse. Yet, this answer may be too
simple. A quadratic utility function can locally approximate more
general utility functions, and the regressive income tax conclu-
sion holds locally: a small move to regressivity in these ex-~
amples increases expected welfare relative to the optimal flat
tax. Moreover, it is not clear that risk aversion can be in-
creased while maintaining the other conditions assumed about labor
supply functions. With the quadratic utility function, r;sk
aversion could be raised by increasing T*. But, in order for L to
be between O and 1 and for the leisure substitution effect to
dominate, A and c¥ also would have to be raised. Thus, the rela-
tive weights given té distortion and instability might not be much
changed.

Without adding mich complexity to the model, it should
be possible to include money as a store of value. The model then
would closely resemble that of Enders and Lapan (1982). As they

show, even with money in this type of model, there is a role for a
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tax-~transfer scheme. It may be interesting to see if the exis-
tence of money changes any of this paper's conclusions.

On the whole, though, the analysis of this paper sug-
gests it will be difficult to obtain results under general assump-
tions. Even under the extremely simple assumptions used in this
paper, the mathematics become very messy very fast. The optimal
proportional taxes are roots of a fourth-degree polynomial, and to
compare tax systems it is necessary to determine which of the
roots are relevant. Labor supply functions under nonproportional
taxes, meanwhile, are the single real roots of third-degree poly-
nomials, suggesting that the optimal tax parameters for the non-
proportional tax are roots to very high order polynomials.

Although it may be difficult to do the§retical analysis
under more general assumptions, it should be possible to do empir-
ical analysis under assumptions that are more closely in accord
with the data. It should be possible to analyze as in this paper
the desirability of alternative tax systems in an estimated or
calibrated model, such as that of Kydland and Prescott (1982). It
is an open question whether the optimal income tax would be re-

gressive in that model.
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Distortion
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Parameters
A=2
B = 10

Lump-
sum

0.2222
0.3765

0.7075
0.81k7
0.3L416
1.0490

0-0285
0.0150
0.0353

0.1272

~21.7388

-6.7870
-24.1553
-52.6811

-52.4106
-.2705

Single
flat-
rate

0.127T7
0.1277

0.7T7k2
0.6927
0.113h
0.8876

0.0605
0.0076

0.0013

0.0795

-20.9321

-4.8740
-27.1927
-52.9987

~52. 7994
-.1993
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Table 1

Contingent
flat-
rate
0.0615

0.170L

0.7725
0.6992
0.1168
0.8893

0.0301
0.0037
0.0060

0.0630

-20.8938

-4.,9263
~-27.1539
-52.9740

-52.8660
-.1080

State- Income-

contingent contingent

Nonpro- flgt-rate fl%F-rate
portional 6. =0 g =0

J v

0.2755 0.0002 0.0000
0.180k4 0.6035 1.0000
0.7hk21 0.k654 0.6667
0.7213 0.5555 0.5555
0.1966 0.2012 0.0000
0.9387 0.6666 0.6667
0.1070 0.0LoOL 0.0000
0.0220 0.0123 0.0123
0.0015 0.0L0OkL 0.0000
0.1339 0.0000 0.0000
-21.4416 —25.9677 ~-22.2222
-5.4228 -3.,2091 -3.2090
-26.0413 -26.0485 -28.8000
-52.9057 -54.3253 -Sh,.2312
-52.4690 -54,0L88 -54,1082
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Parameters
A=2
P =10

= 1.0
1.5

D W
[!

Lump-
sum

0.5000
0.5000

0.5492
0.8535
0.5492
1.098L

0.03kk
0.0159
0.03Lk
0.1377

_23.8848

~7.Lk30
-23.8848
~55.2126

-54.9160
-.2966

Single
flat-
rate

0.1857
0.1857

0.6938
0.6639
0.1582
0.8520

0.0508
0.0079
0.0026

0.0767

-21.9639

-4.4859
-29.5236
~-55.973h

"55 . 7876
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Table 2 -

Contingent
flat-
rate

0.1327
0.2219

0.6898
0.6685
0.1621
0.8519

0.0278
0.0043
0.0067

0.0619

~21.9709

-k.5110
-29.4718
-55.9537

~55.8417
-.1120

State~

contingent

Nonpro- flgt-rate
portional - =0

J

0.3816 0.0002
0.2450 0.6035
0.6603 0.4654
0.T7011 0.5555
0.2613 0.2012
0.9216 0.6666
0.1148 0.040OkL
0.0328 0.0123
0.0040 0.0L0OL
0.1613 0.0000
~22.5366 ~25.0677
~5.243% -3.2091
~2T7.9630 ~28.9427
~55.T430 -57.2196
=55.17Th -56.9350
-1.5656 -.2846

Income-
contingent
flgt-rate

g =0

0.0095

1.0000

0.6561
0.5520
0.0063
0.662L

0.0000
0.0122
.0.0000

0.0000

-22.3629

-3.1691
-31.8995
~57.L4315

-ST . 3095
-.1220
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Parameters
A=2

B =10

c¥ = U

B = 0.9

6 = 2.0

Lump~
sum 27
0.2222
0.4211

0.8482
0.8462
0.4980
1.3k62

0.0959
0.0237
0.1184

0.4275

-20.0594

~T«3970
-22.2890
-49.7454

-49.1035
~.6419

Single

flat-
. rate

0.1981

0.1981

0.907k
0.7078
0.2241
1.1314

0.2039
0.0194
0.021k

0.3170

~19.5366

-5.2046
-25.6859
-50.4271

-49.8030
-.6241
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Table 3

Contingent
flat-
rate
0.0615

0.2588

0.9102
0.7311
0.2328
1.1430

0.0968
0.0086
0.0375
0.2547

-15.2876

~-5.4310
-25.6122
-50.3307

-49.9836
~.34T72

1/The constraint G £ 1 was active.

State-

contingent

Nonpro- flﬁt-rate
portional - =0

v

0.3862 0.0000
0.2596 0.7838
0.8502 0.4056
0.7167 0.5001
0.3397 0.2612
1.1900 0.6668
0.3041 0.0683
0.0529 0.0278
0.0230 0.0683
0.4945 0.0000
-20.4501 ~25.9766
~5.6650 -2.7789
24,1569 -25.2841
~50.2720 -54.0396
-49.0934 ~53.5021
-1.1786 -.5375

Income-
contingent
flﬁt—rate
c =20

0.0000
1.0000

0.6667
0.5000
0.0000
0.6667

0.0000
0.0278
0.0000

0.0000

~-22.2222
-2- 7780

i -‘28.8000
'+ =53.8002

‘530 5222



- 30 -
REFERENCES

Aiyagari, Sudhakar Rao, and Wallace, Neil.‘ 1982. The competitive
allocation of risk between new entrants and more senior work-
ers: An example. Paper presented at the Econometric Society
Summer Meeting, at Cornell University, Ithaca, New York.

Enders, Walter, and Lapan, Harry E. 1982. Social security taxa-

tion and intergenerational risk sharing. International Eco-

nomic Review 23 (October): 6L47-58.

Feldstein, Martin S. 1973. On the optimal progressivity of the

income tax. Journal of Public FEconomics 2 (November): 357~

T6.
Friedman, Milton. 1983. Balancing the budget. = Newsweek (Febru-
ary 28): 62.

Hall, Robert E., and Rabushka, A. 1983. Iow tax, simple tax,

flat tax. New York: McCraw-Hill.
Kydland, Finn E., and Prescott, Edward C. 1982. Time to build

and aggregate fluctuations. Econometrica 50 (November):

1345-70.
Lucas, Robert E., Jr. 1976. FKEconometric policy evaluation: A

critique. In The Phillips curve and labor markets, ed. Karl

Brunner and Allan H. Meltzer. Carnegie-Rochester Conference
Series on Public Policy, 1: 19-46. Amsterdam: North-
Holland.

Lucas, Robert E., Jr., and Stokey, Nancy L. 1982. Optimal fiscal
and monetary policy in an economy without capital. Discussion
Paper 532. The Center for Mathematic Studies in Economics and
Management Science. Evanston, Illinois: Northwestern Univer-

sity.



- 31 =

McCallum, B. T., and Whitaker, J. K. 1979. The effectiveness of
fiscal feedback rules and automatic stabilizers under rational

expectations. Journal of Monetary Economics 5 (April): 171~
86.

Mirrlees, James A. 19Tl. An exploration in the theory of optimum

income taxation. Review of Economic Studies 38 (April): 175-

208.
Phelps, Edmind S. 1973. The taxation of wage income for economic

Justice. Quarterly Journal of Economics 87 (August): 331-5k.

Seade, J. K. 1977, On the shape of optimal tax schedules.

Journal of Public FEconomics 7 (April): 203-36.

Tesfatsion, Leigh. 1982, Macro implications of government re-

distributive tax-transfer policies. Journal of Public Eco-

nomics 19 (November): 139-T0.
Wallace, Neil. 1980. The overlapping generations model of fiat

money. In Models of monetary economies, ed. John H. Kareken

and Neil Wallace, pp. 49-82. Minneapolis, %innesota: Federal

Reserve Bank of Minneapolis.



