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Heter ogeneity and the Welfare Cost of Dynamic Factor Taxes

Introduction

Because redistribution is an essential component of tax policy, a comprehensive welfare cost
analysis of tax policies should encompass both efficiency and equity considerations. Formal welfare
analysis of taxation was ushered in by Mirrlees (1971), who compared the static costs of distorting
markets with the gains from redistribution. Later research demonstrated that when agents differ
along one or more dimensions and differentiated lump-sum taxes are not feasible, welfare costs are
characterized by equity-efficiency tradeoffs. However, thisline of research has not been pursued in
the dynamic taxation literature, which has generally eschewed distributional issues to concentrate in-
stead on dynamic efficiency effects.! One reason why distributional issues have been neglected is
that dynamic analyses have severely restricted heterogeneity for reasons of computational tractabili-
ty, not for any theoretical or empirical reasons.? While this approach has yielded important insights,
the price paid for tractability includes aggregation bias that may distort inferences about transitional
dynamics and afocus on efficiency costs that limits the value of dynamic tax policy prescriptions.

Heterogeneity presents a key challenge to afull welfare-cost analysis of dynamic factor taxa-
tion. This paper shows that when three dimensions of heterogeneity are introduced into an otherwise
standard neoclassical dynamic general equilibrium model, the resulting equilibrium will depend in a
fundamental way on distributional considerations. Factor taxes will have transitional dynamic
effects that depend critically on the distribution of agent characteristics, with non-standard dynamics
adistinct possibility. Also, welfare costs will be characterized by an equity-efficiency tradeoff as
factor taxes tend to lower wealth inequality. Still, whether welfare losses are less or greater thanin a

representative agent model depends on the exact distribution of characteristics.

! Thisis especially true for infinite horizon models, which are the focus of this paper. Instances of such models
with representative agents are Hall (1971) and Judd (1987a and 1987b). Chamley (1986) analyzes optimal taxation
with limited heterogeneity, while Judd (1985) provides non-optimal tax analysis with fewer restrictions on
heterogeneity. Overlapping generations models, such as Blanchard (1985), Auerbach and Kotlikoff (1987), or
Laitner (1990), analyze taxation with age-related heterogeneity but typically without intragenerational heterogene-
ity.

2 See, for instance, the recent critical discussions by Kirman (1992), Stoker (1993), and Boadway (1994).
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Three familiar forms of heterogeneity are considered here: endowments, abilities or market
productivities, and tastes for leisure and consumption, where relatively strong preferences for leisure
can be interpreted as high home productivities. These forms of heterogeneity are well known from
microeconometric studies where observed differences in endowments and abilities, as well as unob-
served differencesin tastes, are shown to play an important role in determining labor (Killingsworth,
1983) and consumption (Blundell, Pashardes, and Weber, 1993). Research in theoretical public
finance has also adopted these types of heterogeneity. For example, Mirrlees (1971) focused on
endowments and abilities while Diamond’s (1975) extension of Ramsey taxation to the multiagent
case looked at taste and endowment differehd@g contrast, dynamic models have carefully
restricted heterogeneity, as illustrated by Judd (198%9,allows endowments and sometimetastes
to vary but then limits the fallodtMoving from atwo-class model where heterogeneity has no
effect on dynamics to aless restrictive setting where the dynamics and welfare could be affected by
heterogeneity, Judd restricts the analysis to the long-run effects of factor taxes and prevents
distributional concerns from mattering through differentiated lump-sum rebates.

Expanding the scope of dynamic models to include agent heterogeneity creates serious
problems. Some forms of heterogeneity yield two-way interaction between the wealth distribution
and aggregate dynamics, particularly if wealth distribution effects do not cancel in the aggregate and
the wealth distribution in turn depends on the time path of aggregate prices. The interaction
changes the nature of the aggregate dynamics, and this result of course has socia welfare conse-
guences apart from the direct inequality effects on welfare. Macroeconomists have typically dealt
with the feedback problem by immunizing factor prices from distribution effects through restrictions

on heterogeneity, making the wealth distribution exogenous, or else by dropping capital accumula-

% As recognized by many -- for example, Guesnerie (1995) -- Mirrlees’s ability parameter can also interpreted as
a taste parameter because it enters as a parameter in the utility function.

4 Rios-Rull (1995) surveys some recent dynamic models with heterogeneity, all without taxation. Recent work
mainly focuses on ex ante homogeneity with ex post heterogeneity in production efficiency (Aiyagari, 1994) or
tastes (Atkeson and Lucas, 1992) where idiosyncratic shocks average out with large numbers. Bencivenga (1992)
interprets taste shocks as emanating from home production, while Blanchard and Fischer (1989, p. 291) suspect that
aggregation is important, an idea that is considered here.
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tion to compute equilibria (Rios-Rull, 1995). The current paper takes a different tack by providing a
theoretical solution that overcomes the computational problem without compromising dynamics or
welfare analysis. The deviceisfunctiona form assumptions that have achieved a sort of benchmark
status and thus readily afford comparability with existing results.® Not only do the assumptions
ensure tractability, but they also yield an analytical solution to the equilibrium as well as explicit
formulas for the transitional dynamics and the marginal welfare costs of labor and capital taxes.

The theoretical findings can be grouped according to different degrees of heterogeneity.
Under weak heterogeneity, defined as differences in endowments and abilities only, the effect of any
tax change on the paths of aggregate quantities and factor prices equals a “representative agent
effect,” or the standard efficiency or dynamic substitution effects found by Hall (1971), Judd (1985,
1987a,b) and othefsThe cumulative distortion of these representative agent effects explains the
efficiency loss of factor taxes. However, factor taxes also have offsetting equity effects. They
reduce wealth inequality through a positive human wealth effect that disproportionately benefits the
poor. Thus, because there are equity gains from reduced inequality, the marginal welfare costs of
factor taxes with weak heterogeneity are lower than under the representative agent case, with the
difference narrowing with initial distortions. When agents are also allowed taste differences, de-
noted strong heterogeneity, a “distribution effect” comes into play that reflects feedback effects from
differential wealth changes. Now, the total effect of any policy change on the paths of aggregate
variables decomposes into a representative agent effect and a distribution effect, where the direction
of the latter depends on whether wealth redistribution favors agents with high or low propensities to
consume. The potential for non-standard dynamics is compounded because the distribution effect is

persistent since even temporary policies have permanent wealth effects. Also, the distribution effect

®> AsLong and Plosser (1983) showed in a stochastic framework, assuming Cobb-Douglas production, logarith-
mic utility, and full capital depreciation yields a reduced-form solution for the infinite horizon model with capital
accumulation. The assumptions are popular for dynamic models (King, Plosser, and Rebelo, 1988a) and can be
readily extended to include overlapping generations (Blanchard, 1985).

® While King, Plosser, and Rebelo (1988b) show that skill differences do not affect dynamics, they do not look
at the consequences for welfare analysis.
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tends to aggravate the marginal welfare costs of factor taxes unless preexisting distortions are

sufficiently high, in which case the exact specification of all individual characteristics becomes very

important. These results can be thought of as extending Judd’s (1987a) work on marginal welfare
costs by including equity gains and distribution effects in a dynamic framework.

Numerical examples are computed to show how sensitive the dynamics and the marginal
welfare cost formulas are to variations in the distribution of agent characteristics and a few critical
parameters and also to different timing assumptions. The examples suggest that non-standard
dynamics are less likely for capital taxes than for labor taxes, where distribution effects can easily
dominate. Also, the examples reveal that labor taxes are better suited for redistribution than capital
taxes, because labor taxes tend to have larger inequality effects and capital taxes have larger effects
on capital and efficiency. In fact, equity gains for labor taxes are often so large relative to efficiency
losses and distribution effects that the marginal welfare cost is usually positive under strong hetero-
geneity. Even though the equity gains for capital taxes are not insignificant, they pale next to the
efficiency and distribution effects so that the marginal welfare cost usually remains negative and may
even be quite large. The computed efficiency costs of labor and capital taxes come close to those of
Judd (1987a), with the range for capital taxes being very sensitive to parameter and timing assump-
tions. The examples also demonstrate that the size of the initial government debt can be an
important determinant of the disparity between the efficiency cost of capital taxes and the efficiency
cost of labor taxes and can explain qualitative differences among studies such as Judd (1987a),
Auerbach and Kotlikoff (1987), and McGrattan (1994). Finally, while empirical research gives little
direct guidance on the joint distribution of agent characteristics, it is shown that wealthy agents are
likely to have high abilities in home and market production and low propensities to consume. Other
assumptions on the distribution of agent characteristics lead to outcomes that tend to be implausible

or even counterfactual.



l. TheModel

The model consists of three sectors. In the production sector, perfectly competitive firms
hire capital and efficiency-weighted labor to produce a single consumption good using a constant-re-
turns-to-scale technology. The household sector has a constant population of infinitely lived agents
with heterogeneous capital endowments, market productivities, and tastes (or non-market producti-
vities). Agents choose feasible time paths for consumption, leisure, and savings in productive capital
and government bonds to maximize intertemporally separable preferences.  The government finan-
ces its expenditures and lump-sum transfers by levying proportional taxes on wage and interest in-
come or by issuing bonds. All government instruments satisfy an intertemporal revenue constraint.

The production sector isfairly standard. In periods s >1, competitive firms combine labor,
h,, and a predetermined stock of physical capital, kg ,, to produce goods, Y, using a Cobb-Douglas
production technology:
() Yo = klyhg
where 6 isthe share of capital. Labor is measured in efficiency units, thatis, h, = ¥, n'a'h,,
where n' isthe population share of groupi, a' indexes individua market productivity, and hsi is
individual labor time. Capital isgivenby k., = X n iksi,1 and depreciates fully within a period so
that investment is the next period’s capital stock. Under full depreciation, output can be interpreted
as net of depreciation. Given interest rates r, individual wage rates a iWS, and average wage rates

w, firms maximize profits by choosing inputs to equate marginal products with their costs:

) a'ws=a'(1-0)y./h, ro = 0yJ/k, ,

The household sector is also standard except for heterogeneous tastes and wealth. Each
agent values consumption and leisure obtained in each period of aninfinitely long life that startsin

period one. Individuals lifetime utility is defined as:

&) Y oo tuifelld) = X ptfaInged) + (1-d)Ing,)

s>1 s>1
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where csi and ISi =1- hsi € (0,1) are consumption and the fraction of time devoted to leisure or
non-market hours. The rate of time preference, p e (0, 1), discounts utility in future periods, u'(,),
and reflects agents impatience. Preference heterogeneity arises because individual s have different
tastes for consumption and leisure. Compared with agents with low ¢', high-o' agents derive more
pleasure from consumption and less from leisure, making them consumption-lovers and workaholics.
Alternatively, for some household production formulations, a high taste for consumption can also be
interpreted as low productivity in non-market or home production.’

Agents choose time streams of consumption and |eisure that maximize (3) subject to an inter-
temporal budget. The budget constraint, derived by time-aggregating agents' intratemporal revenue
constraints and ensuring that their transversality conditions hold, requires that the discounted stream

of expenditures on consumption and leisure does not exceed full wedlth, z' :

(4 > e atwall] - 2
(5) T o= [T{Q@-tr}*
ys u=1

with labor and capital tax ratesof t . and t and where g isthe present value discount factor.
The discount factor and other variables to come are defined as fractions of output as an expositional
shortcut because the corresponding aggregates are easily recovered in the analytical solution below.
Full wealth is defined as the endowment of capital and government bonds plus the present value of

after-tax “full” labor earnings and lump-sum transfers:

(1-tJwa' +t

(6) z' = (kg +bg) + 23 = (kg + ) + X, :
s>1 ys
wheret, represents lump-sum transfers. Wealth is heterogeneous because human;wealth, , varies

with individual labor productivity and also because non-human wealth varies with endowments of

" To seethe formal equivalence, define home production as LSi = (ISi )(1’“i)’°‘i and redefine preferencesin (3) over

consumption of market and non-market goods so that u'(,) = In(csi) + In(Lsi). Also, see Greenwood, Rogerson,
and Wright (1995), who survey the literature on household production in dynamic economies.
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koi shares of productive capital and boi units of government bonds. Both assets are perfect substi-
tutesin the individual's savings portfolio, with k. , and b, ; earning (1-t Jr_.
Individual households choose streams of consumption and leisure that maximize (3) subject

to (4). Solving for the constrained utility maximization leads to familiar conditions:

. i i
1-of ©C . qc

@ TEZ - atwal, =2t
o g P cg

B trs+1) Fsi1

where the marginal rate of substitution between consumption and leisure is equated to the relative
price of leisure and the marginal rate of substitution between consumption in period sand st1is
equated to the period s+1 return to savings.

The government finances expenditures and lump-sum transfers from tax revenues that

satisfy an intertemporal revenue constraint described by:

t
ys+srs]

G) by = ) m v

s>1

where bog istheinitiad amount of government bonds outstanding and v, is the fraction of output
devoted to government expenditures. Tax revenues from wage and interest income are
(9) Tsys - twsWsEi n ia ! hsi + trsrszi n iksi—l + 1 (E| n ibsi—l + bsgl)

I’SrS

Finally, goods, factor, and asset markets are assumed to clear in al periods. In
particular, equilibrium in the goods and bond markets is given by:
(10) Co + Kg + eYs = Vs
(11) Ynibl + bl =0
where aggregate consumptionis ¢, = X;n iCSi . Also, factor market equilibrium is attained when
the factor prices seen by households and firms are equated. This concludes the description of the

model, which has a perfect foresight equilibrium with standard properties:

Definition. (Dynamic Equilibrium) A perfect foresight equilibrium consists of sequences of

optimal plans for household consumption, labor, and savings and sequences of optimal plans for
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firm output and inputs that perfectly forecast the time path of all prices and government variables

and clear goods, factor, and asset markets.

1. Solution for the Perfect Foresight Equilibrium

Asafirst step toward a solution of the model, aggregate analogs of the individual optimality
conditions are found by relating individual demands to their aggregate counterparts. Substitution of
equation (7) into (3) yields individual demands for consumption and leisure that are linear ininitial
wealth. To aggregate the individual demands, define the aggregation or averaging operator by
E, = X;n'x'y" and the covariance operator by S = Xn'(x' -E\)(y'-E) = E,,-E,E . Thenif
agent i's wealth share s defined by o' = 2/ E, so that group i'swealth shareis n'c', individual

demands are atime-invariant fraction of their aggregate counterparts:

i oo .
(12) C = E_CS’ where B.c, = E,_(1-p)p*'E,
a0

(13) a where B (1-t, Wl = Eq . (1-p)p>E,

S s?
(1-a)o

Substituting these relations into the household optimality conditions and imposing factor market

equilibrium yields the desired aggregate optimality conditions

1 G (1-6)y,
— = 1—
(14) e Ton - W,
1 Cs+1 ys+1
(15) = = (1-tg)0—=
P Cs rs+1 ks

where heterogeneous tastes and wealth shares combine to form the “distribution term”

E,. E, S,
(16) e = o — o o
E(lfa)c 1- (Ea * Sac)
The key component here is the covariance of tastes for consumption and wealthShares, , Where

an interior solution to (14) implieS € (-E,1-E) for ary € (0,1)

The distribution term represents the critical difference between this model and a representa-
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tive agent model. In the latter case, where tastes or wedth shares areidentical, S _=0 and ¢ iscon-

stant. Otherwise, & depends on the weadlth distribution through S . Any change to the wealth dis-

tribution that raises S _ and € will tend to raise the aggregate consumption-leisure ratio and lower

wages in al periods because € enters (14) without atime subscript. Thus, in contrast to the repre-

sentative agent case, the wealth distribution affects the path of the economy. Intuitively, S _rises

with redistribution toward consumption lovers or agents with higher marginal propensitiesto cons-

ume. If S >0, such redistribution favors rich consumption lovers by raising their wealth share, but

if S_<0 thewedth share of poor consumption loversrises. In either case, the consumption of the

high-o' winners rises by more than the consumption of the losers falls and the winners’ leisure rises

by less than the losers’ leisure falls, thus raising the aggregate consumption-leisure ratio and labor.
Returning to the solution of the model, note that, together with equations (1) and (10), equa-

tions (14) and (15) completely describe the evolution of aggregate labor, consumption, investment

and output for ang . To solve the system, find a division of output into consumption, investment,

and government spending that fulfills the aggregate optimality conditioris- f denotes con-

sumption’s share of output less government spending (or net output for short), so that

(17) ¢ = (11 )(A-vJys
then goods market clearing implies
(18) Ks = % (1-v9Ys

Inserting these expressions into the aggregate optimality conditions yields solutions for the consump-

tion share of outpund labor:

1 1_trs+1 1 Vl_trsw
(19) —=— =1+(6p) =1+y ., (Bp)—=~
1_Xs 1_ys+1 1_Xs+1 Vet 1_Ys+v
1 (1-x)(1-v
(20) h, - h = Rl

1+, % (1-t)(1-0)e

Thus, the aggregate | eisure-to-labor ratio, A, rises with current labor taxes and the current consump-

tion share but fallswith €. In contrast, the consumption share of current net output is forward-look-
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ing, depending negatively on future capital taxes.

The last two equations can be used to recursively compute the equilibrium paths for output,
prices, and other aggregate variables given €. In particular, equilibrium capital can be derived by
using the production function with the equilibrium expressions for labor and the capital share and
then iterating backwards to the initial fixed capital stock:

s-1
o1 K = 7. (L-y)hPK?, -
(21) d-r)hs ey = 11 L )

Xs—v(l - ys—v) ) " kOes

This eguation, together with (19), is used to compute a solution for output using (18) and consump-

tion using (17). Finally, once equilibrium output and inputs have been determined, the firm’s opti-
mality conditions can be used to compute equilibrium factor prices. At this point in a representative
agent model, equations (2) and (17) through (21) would completely characterize the equilibrium.
However, with heterogeneous ageats is endogenous with influence on aggregate quantities and

prices. Thus, because dependsSpn  , a solution must characterize the wealth distribution

Solution for Distribution Term and Wealth Distribution

To characterize € one must solve for the componentsof S . Once a solution has been
found, it isa small matter to also characterize the wealth distribution, especially the variance of
wedlth shares, S . Thisinequality measureissimilar to S, as demonstrated by:

i_EZ:i
E E’

P4 4

(22) S, =) N'(X'-E)(c'-1) =) n(x'-

X=0,0

There are two parts to (22): deviations from average wealth and average wealth. Purely differential
policies such as a mean-preserving transfer will raise the covariance if transfer recipients have high
o' and lower the variance if recipients are poor. Alternatively, because equal wealth changes affect
the poor disproportionately, an increase in average wealth indicates an increase of the wealth share
of the poor that lowers the variance but raises the covariance when the poor are consumption-lovers.

To find average wealth, individual wealth is aggregated and transfers from the government's
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intertemporal revenue constraint are substituted. These stepsyield

E, = kot Doy 7l (L4, (1-0 + (5 - ¥}

where in equilibrium excess distortionary tax revenues are ®

(23) Ro= o1 mdterd = kot Dy il (11,0 (1-0)+(1-%)(1-19}
Combining these two expressions and using (20), aggregate wealth can be simply expressed by
(24) E,= Y ., 7 (1-t,)(1-0)A(1+e)

Kk S W@-v)
xs(l—vs)H 6(1-t,)

where the present value of output, , combines (2) , (5), and (18). Thus, aggregate wealth depends

(25) s = PsYs =

on the path of the discounted after-tax value of leisure, w (1-t, )(1-0)A, = B(1-t, Jw,l,, and also

.
on ¢ through changesin the time path of wages and human wealth. Both factor taxes lower discoun-
ted after-tax wages and raise the leisure-labor ratio with anet effect on average wealth that is
positive for capital taxes and zero for labor taxes. Intuitively, budget-balancing lump-sum transfers
of excess distortionary revenues from labor taxes exactly offset wealth losses from after-tax wages,
while for capital taxes such transfers exceed discounted wage reductions.

Next, deviations from average wealth yield a simple covariance formulafor X=q,c:

(26) Se = S %(za = S * 2321 m (1-t,90(1-0)(1+A)S,,

Differential wealth changes occur through the human-wealth component sza viathe discounted
after-tax wage, or m (1-t, )(1-0)(1+1) = BS(1-t, Jw,. If discounted wages and human wealth fall,
individual s with high market abilities |ose proportionately more than those with low productivities.
Such awealth-equalizing differential effect raises S, if the rich also have lower propensities to
consume or higher home productivity, or S <0. However, apriori S >0 isaso possible, in

which case S, falls. Also, because productive agents are hurt more by human wealth reductions,

® To derive (23), note -k, = y ndx(1-v) - (1-t, )6} . Whiletime-aggregating (13) directly implies (24),
equation (23) is referenced because it will be used later to derive the marginal welfare costs of taxes.

s>1
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there is a decline in human and overall wealth inequality when Sca>0.9

While no single inequality measure is completely satisfactory, the variance of wealth shares
has other virtues apart from its similarity with S . The variance equals the coefficient of variation
squared and satisfies the Pigou-Dalton strong principle of transfers, just like the Herfindahl index,
E, (=S +1),towhichitiscardinaly equivaent (Cowell, 1995). While the measure has other
desirable theoretical properties (Bourguignon, 1979, and Shorrocks, 1980), it is also very useful
because it can be easily computed and does not require knowledge of specific wealth shares as would
other inequality measures. On the downside, the variance is sensitive to the population shares and
puts a disproportionate weight on rich groups (Cowell, 1980). To get around these problems, one
can relate the variance to the familiar cumulative wealth share of the top or bottom x-percentile. If
the population is split into two groups, where i = R, P indexes rich and poor so that 67> 1> 6",
nf"+(1-nF)o” =1 and N®+n"=1 one can show \/W =nReR-nR=nP-nPsP.0

Relating the variance to particular wealth shares will be very useful in describing social
welfare, which is defined as the sum of individual utilities. Although aternative formulations exist
with different degrees of inequality aversion, this welfare criterion is standard in the literature and
also very tractable. Social welfare can be depicted using (12) and (13) and writing individual de-
mands asafunctionof €, or ¢, = olc'(1+eY)c,and |, = (1-a')o' (1 +€)l,, where wealth
shares could be found using (6) and (27). Substituting these relations into (3) and then aggregating

and discarding nuisance parameters yields an expression for utilitarian social welfare in equilibrium:

27) U - %Zi niing' + Y p*Y[E, In(c(1+&Y) + E In(,1+¢))]
-p

s=1

Thus, social welfare depends on the entropy measure of wealth inequality, . n 'Inc', aggregate

° Notethat although S ,>0, E, S ;.4 = Sy.py2 * Skenyz, ad B, S, =S, y2+ Sy, - Thus, Sy and S, ae

guaranteed to be positiveif S,,,),>0. However, when S, ., <0, therelativesizeof S, ;> and S, ,» mattersin de-
termining which (if any) of the two covariances, S,.r) or Scza’ is negative. To simplify the analysisit is assumed

that S y.,>0and S, >0 or equivalently that S, cannot be too negative.

1% One can have more than two groups and still retain the property that wealth shares are a function of S,
Adding groups requires successively more information or assumptions on shares without necessarily adding insight.
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consumption and leisure, and the distribution term. The inequality measure isolates the effect on
welfare of wealth share changes, while the other terms capture o' -constant changes in individual
leisure and consumption. For the case of two groups above, one can relate the entropy measure to
S, ,» Which will come in handy when analyzing marginal welfare costs.

The results of this section can be summarized with the following proposition:

Theorem 1. (Existence) There exists a perfect foresight equilibrium with heterogeneous agents

that has a reduced-form solution with recursive structure.

Proof: Given ¢, equilibrium y and hg are determined by (19) and (20). Then
equilibrium K is determined by (21), equilibrium c_ by (17), and y, by (18), and equilibrium w,
and r are determined subsequently by (2). Findly, equilibrium E,, S ,,and S _for X =a, c are
determined by (24), (26), and (22), with & determined subsequently by (16). When wealth shares
can be expressed as afunction of S__, equilibrium U is determined by (20) and (22) or by a solution
for individual wealth sharesthat isfound by evaluating (6) and (27) in equilibrium. Then individual

outcomes can easily be derived using (12) and (13).

To distinguish between models where € is exogenous, let a superscript RA denote variables

evaluated under S, =0 so that, for instance, efh = Ea/EH. Then

Corollary.  No Heterogeneity (S, =S, =0) implies & = e™ and U isindependent of

inequality. Weak Heterogeneity (S,_ =0 and S+ 0) impliesonly € = ™.

Thus, the irrelevance of the wealth distribution for aggregate variablesis due to identical tastes or
wealth shares. However, wealth inequality alters social welfare once wealth shares are free to vary.

Thus, any analysis of welfare costs without inequality either assumes no heterogeneity or implicitly
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assumes that non-distortionary transfers are pegging wealth shares at preexisting levels.

II1. Transtion Effects of Factor Taxation

To derive the dynamic response of the system to factor taxes, one totally differentiates and
solves the equations describing the dynamic equilibrium in Theorem 1. It is convenient to assume
that all policy shocks occur over atimeinterval, [S T-1], where 1<S<T-1 and T<e. Thisassumption
provides building blocks that could be combined in avariety of ways to form more complicated
policy sequences. However, only simple policy experiments will be discussed here. Also, define an
impulse function | that is unity over [S, T-1] and zero otherwise, and let dx = I _dx for all policy
variablesx, let X .=dx_/x for al variables, and let XSRA denote a variable that has been evaluated
under the assumption S _ = 0. Aswill be seen shortly, the response of the aggregate system to
changes in taxes separates into a distribution effect, depending purely on ¢ that results when
S,, # 0 from differential wealth effects that redistribute to or from consumption-lovers, and on a

representative agent effect that occurs under weak or no heterogeneity: ™

dt
(28) A A A
1-t,
. R PR . . dt X, dt
(29) b= === 2% g AR T A
| h 1-t, 1-y 1-t
30 K = KR 4 1(1-69¢ - ek, M 1-@-10- 9))X r db
(30) s s ’ s 1, 1y 1t
(31) Jo = Voo #1105, 9 = K- = 0k + (1-0)h”
(32) A TR P g 1—%5@’*
(33) W, = W - 105, Wt =gt -

where X_= (1-p) ). >0, Ko =Y og 0V, ,>0,and KE= Y27 0YX_ > 0 arediscounted

v>1 X S*V -

sums of the impulses.*? Variables without time subscripts denote steady-state values, such as the

1 An appendix provides derivations and formulas for the variables that follow and equations (28) through (39).
2 For labor taxes, 1 >0 Vse[ST-1] and K. =0 Vs<Sand K. >0 Vs> S, except if T<w, then K =0. For
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investment share y = 6p (1-t)/(1-y) or theleisure-labor ratio & = I/h = (L-)(1-y)/[(1-t,)(1-0)e].

Representative agent effects in equations (28)-(33) are the standard dynamic substitution
effects of factor taxes that occur under weak or no heterogeneity when S =0 Sy Briefly, repre-
sentative agent effects arise because labor taxes reduce the return to labor and the relative price of
leisure during [S T-1], while capital taxes reduce the return to capital during [S T-1] and raise the
relative price of consumption and leisurein the interval [1, T-1]. Thus, labor taxes cause households
to substitute toward leisure during [S T-1] with savings reductions to smooth the impact on con-
sumption, and capital taxes cause households to lower consumption and savings. Generally, factor
taxes have a negative representative agent effect on aggregate labor and capital and, thus, also on
output during [S, T-1]. Where the factor taxes primarily differ is with regard to their anticipation
effects as captured by changes of the savings-consumption ratio, or ¥, and with regard to the endo-
geneity of theinitial tax base, which for capital taxesisfixed. Labor taxes do not cause a consump-
tion-savings tradeoff, nor do they have anticipation effects; thus, all aggregate variables are un-
changed during the anticipation phase and consumption declines thereafter.®® By contrast, capital
taxes have negative anticipation effects on aggregate variables and cause consumption to rise relative
to savings prior to T. Thislatter effect may dominate in (32) and raise consumption over [S, T-1] if
theinterval is short, but as T-S grows the intertemporal substitution effect tends to dominate and
agents will tend to reduce consumption. Finally, the representative agent effect on wages or the
capital-labor ratio in (33) istied down by the initial fixity of the capital stock and the terminal fixity
of the after tax rate of return. Specifically, because the initial capital stock isfixed and initial labor
falls, factor taxes will raiseinitial wages unless |abor taxes are expected or capital taxes unexpected
and short-term, in which case there is no effect. But over time the capital-labor ratio moves toward

its long-run steady-state level, which is only affected (negatively) by permanent capital taxes.

capital taxes X >0 Vs<T-1, X .=0Vs>T-1. Also, K¥>0 Vs except if S=1-T-1, then K¥=0 Vs, orif T<e,
then K*=0. The exception where T<e and s-« isthat of atemporary tax that is neutral in the long run, reflect-
ing the tendency of infinite horizon modelsto return to their original state. Also, because an unexpected one-period
risein capital taxesis alump-sum tax, this policy is neutral in models characterized by Ricardian neutrality.

13 Asdiscussed by King, Plosser, and Rebelo (1988a), this property is aresult of complete depreciation and
logarithmic utility, which together imply that anticipation effects have offsetting income and substitution effects.
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Several aspects of the distribution effect are worth noting before proceeding to the character-
ization of €. First, addi ng the distribution effect of factor taxes to the representative agent effect
creates the potential for non-standard dynamics, because depending on the sign of & such redistribu-
tion can be reinforcing or offsetting. Specifically, a positive distribution effect, £ >0, will raise
aggregate quantitiesin all periods, thereby offsetting the representative agent effect on aggregate
inputs and production. A positive distribution effect also offsets the representative agent effect of a
labor tax on consumption. However, it can reinforce or offset the representative agent effect of a
capital tax on consumption depending on whether [S, T-1] is short or long.** Second, the distribu-
tion effect tends to be stronger compared with the representative agent effect outside [S, T-1]. For
example, consider the long run effects of temporary shocks. Ass—, k. =¢_ =h_ =y =(1-h)e
in (29) to (32), but the capital-labor ratio revertsto its original state. When =0, stability condi-
tions dictate that temporary shocks are neutral in the long-run asin Judd (1985). However, when
e+0, temporary factor tax shocks have long-run effects on aggregate quantities because temporary
policies have permanent effects on wealth and with heterogeneous tastes differential wealth effects
do not cancel in the aggregate. Also, distribution effects can dominate during the anticipation phase
where representative agent effects either do not exist for labor taxes or still are small for capital
taxes. Third, while the distribution effect on labor istime invariant, it grows over time for other
aggregate quantities. Thus, strong heterogeneity introduces a degree of persistence and permanence
to the dynamics of aggregate quantities not seen in representative agent models but found in real-
world data (Cogley and Nason, 1995). Thus, the model illustrates Stoker’s (1986) thesis that
distribution effects explain serial correlation in aggregate data.

Next, to compute the distributieffect ¢ = ( E, Eq o) "dS,, (as well as the effect on
the variance of wealth shares dS ), one must find a solution for the differential of (22), or

ds, - Elzzi ni(x -E)(dz' - dE) - S.E, for x-0,0

which adds together a differential and an average wealth effect where the first reflects mean-preser-

" Capital taxes create distribution effects that differ for the various aggregate variables. Because 2§A< 0 yields
| CSRA\ <| 9SRA\ <| kSRA\ , capital taxes have stronger representative agent effects on capital than on consumption.
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ving wealth changes and the second reflects equal absolute wealth changes that have disproportion-
ate individual effects. The strength of the differential effect relative to the average wealth effect is
determined by variation of the human wealth component. When human wealth does not vary, there
isno differential effect and only an average wealth effect because human wealth changes equally for
al. By contrast, without endowment variation only differential human wealth effects matter. Thus,
if V, = S&<za/(EzS$<c) isthe share of S for x = a, ¢ dueto human wealth variationand 1-V, isthe
share from endowment variation, then differential effects are zero if V, =0 and average wealth
effectsare zero if V, =1, whilefor any V, €(0,1) both effects appear.

The above equation is solved by differentiating (24) and (26). Straightforward but lengthy

derivations yield aformulafor the distribution effect:

. _ dt X, dt
(34) e = ~PPy—= - M) — ¥,
1-t, 1y "1-t
Vv 1-V_ +he,V
where X, = xS (1-x"S), Py=pS 1 -p"S), W5, = o B R CACE
1t By, Vo
1+e 5 °

There are three notable parts to the coefficientsin (34). First, P, and X, embody the effect
on wealth of the timing of tax policies. Thus, less-anticipated (lower S) or longer-lasting (larger
T-S) factor taxes have greater effects on wealth, implying a stronger distribution effect. Second,
the strength of the differential effect relative to the average wealth effect depends on ¢, > O and the
timing of tax policies. Thetermisaweight onV,_e [0, 1] in the numerator of ¥;, which identifies
the differential effect; the average wealth effect 1 - V. remains unweighted. The numerators of ‘P,
and ; show that the distribution effect for capital taxes balances differential and average wealth
effects, but the distribution effect for labor taxes operates only through differential wealth effects (as

explained previously for (24)). Thus, the distribution effect for |abor taxes is strongest when V_=1.
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By contrast, whether the distribution effect for capital taxesis stronger when V, =0 or when V =1
depends on conditions that are sensitive to the sign and size of E /S, and on the timing of taxes
through ¢,. For instance, less-anticipated or longer-lasting capital taxes weaken the differential
effect relative to the average wedlth effect.”> Rather than characterize all possibilities here, the
numerical examples below suggest that the issue may not be too serious.
Third, the crucial terms are the ', which depend on S, and V, . While the numerator of
¥! is non-negative, the denominator rises with S, and takesonitssign. To seethislast point, note
that a given steady-state 1 pegs € but allows S and E, tovary accordingto S = e(1+e)1- E, in
(16). Thus, for E € (0,1), S_ e(e(l+e) L, - (1+e) ). As S, risesover itsrange and E_ falls,
the denominator of ¥, risesfrom anegative lower limit of V, - (1+1 1) to apositive upper limit
of V_ . Inother words, the - termsrise with S,, from alower negative limit and to an upper
positive limit, with both terms equal to zerowhen S =0, the representative agent case. Conse-
quently, the £ has asign oppositethat of S, but e =0if V, =0 for labor taxes or if V =1 and
¢, = 0 for capital taxes. Furthermore, £ growsin proportion to how much S, deviates from zero.
Intuitively, when S <0, factor taxes raise the wealth share of poor consumption lovers, thus
causing a positive distribution effect on consumption and labor because the consumption of the high-
o' winners rises by more than the consumption of the losers falls and the winners’ leisure rises by
less than the losers’ leisure falls. By contrast, w8er0 , factor taxes redistribute toward poor lei-
sure lovers which causes a negative distribution effect. Thus, because factor taxes tend to redistri-
bute towards the poor, they will offset (reinforce) the representative agent effects on aggregate inputs
and output when the poor have stronger tastes for consumption (leisure) or lower (higher) home pro-
ductivities. WhenS s sufficiently negative, positive distribution effects could dominate the repre-
sentative effect on inputs or output, in which case factor taxes will have a positive net effect.

The next result summarizes the discussion of this section:

> Noticethat ¢,>0 for T~ or S=T-1>1, where ¢, riseswhen T-Sfalls, or, given T-S, when Srises.
Also, ¢, =0 for S=T-1 = 1 describes an unexpected temporary capital tax, which effectively is alump-sum tax.
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Theorem 2. (Comparative Dynamics) Labor taxes have no distribution effect if S _=0 or

V, = 0. Capital taxes have no distribution effectif S_=0or V =1and ¢,=0. Otherwise,
factor taxes yield a positive (negative) distribution effect, or £ > (<)0,if S _<(>)0and

V, € [0, 1], whereby ]é] increases with ‘Sao‘ . Apositive (negative) distribution effect offsets
(reinforces) the negative representative agent effect on aggregate inputs and output during [S T-1] .
For labor taxes, a positive (negative) distribution effect is al so offsetting (reinforcing) for

consumption during [S, T-1] , but for capital taxesthisistrue only if T-Sis sufficiently large.

Positive distribution effectsand S <0 are consistent with some evidence. First, the result
that positive distribution effects cause total tax effects on aggregate quantities to be smaller thanin
representative agent models agrees with recent evidence that the aggregate effects of tax policies are
small (Slemrod, 1990, and Glick and Hutchinson, 1990) or insignificant (McGrattan, 1994). Second,
S,, <0 is consistent with some microeconomic evidence. In particular, the fact that consumption
varies with wealth, combined with the observation that the dispersion of consumption isless than
that of wealth (from a comparison of Cutler and Katz, 1992, and Wolff and Marley, 1989) or that the
marginal propensity to consume varies inversely with wealth (Menchik and David, 1983, and Diam-
ond and Hausman, 1984), implies S _<0 by (12).®  Also, the observation that |eisure does not vary
much across wealth classes or that the dispersion of leisure isless than or equal to that of wealth,
implies by (13) that S <0 or Saza< 0, which together with the preceding evidence supports the
assumption that V >0. Thus, the evidence suggests that the rich are leisure lovers, have lower

propensities to consume, and are more skilled at market and home production.’

1° The latter two studies argue that savings propensities and wealth are positively correlated, which generally
implies that consumption propensities and wealth are negatively correlated. The present model abstracts from
heterogeneous savings propensities but allows heterogeneous consumption propensities.

Y To see this most easily, divide the population into two groups where 6R> 6. The micro evidence requires
cRIcP<ofIe” and I R/IP <o/, Thus, the strict inequality implies a® <o and so S_<0. Together with
aR<aP, theweak inequality impliesa®>a® or S, <0, which by definition means V_ >0. Because S_<0, the
rich cannot have low home productivity. Then, because V, > 0, the rich cannot al'so have low market skills.
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V. Waealth Distribution Effects of Factor Taxation

The effects of factor taxes on the first two moments of the wealth distribution are computed

by differentiating equations (22), (24), and (26) and then substituting for e from (34). Thus,

e X )
(35) - T B 1-a o8
i z -x 1-t, (1-)

S dt X dt
(36) (el - _ Pol \P\?\;SG w o 0 \Prs(s(s r

2 1t, 1 " 1t

-1 -1
where o= =V +| 22Ty Lyt and w2 1-v +heov | 22T v Wt Under
(6] 1+8 (6] (6] (6] 1+8 (6]

the assumption of two groups with 6R> 1 > where wealth shares can be described as a function
of S _, onecan relate changesin the variance to changes in cumulative wealth shares and to

changes in the entropy measure of wealth inequality:

S -1 -1 -1 -1
(37) N I B I 2 N R B S F
2 GR GP GR GP I

Thisformulation leads to simple interpretations and, perhaps more importantly, will be used in

wn

deriving and ultimately quantifying the marginal welfare costs of factor taxes.

Factor tax effects on average wealth separate into a direct effect and a distribution effect
which are, respectively, thefirst and second term in (35). The direct effect occurs even without hete-
rogeneity and is zero for labor taxes and positive for capital taxes (moresoif T-Srisesor Sfalls).
Under strong heterogeneity, a positive distribution effect reduces E, because redistribution toward
consumption lovers or agents with low home productivity tends to reduce leisure and wages and
human wealth. Thus, while labor tax effects on average wealth depend solely on the sign and
magnitude of S , capital taxesincrease average wealth unless S is sufficiently negative.

Similarly, factor tax effectson S depend on how much heterogeneity is allowed in (36).
When there is only weak heterogeneity so that ¥ = 0, factor taxes reduce wealth inequality. How-
ever, there are no inequality effects when there is no human wealth variation (or V_ = 0) for labor

taxes or else when there is no endowment variation and capital taxes are effectively lump-sum (or



21

V,=1and ¢, = 0). With strong heterogeneity or S _ # 0, one must consider how the V, vary for
X =0,0. A reasonable assumptionisthat V riseswith V_over the unit interval with endpoints of
V. =0=V_ andV_=1=V_ Thus, factor taxes reduce wealth inequality for V_,V_€[0, 1], ex-
ceptif V_=0 =V, forlabor taxes. In other words, ‘PiS“>O which can be verified by looking at the
limits of V, (because all other possibilities are linear combinations of them) and letting S vary.
As S risesfrom its lower limit to its upper limit, inequality effects shrink but remain negative.

For intuition, consider first the case of weak heterogeneity. Labor taxes have no average
wealth effects because budget-balancing lump-sum transfers perfectly offset average human wealth
changes. However, labor taxes have a wealth-equalizing differential effect by reducing human
wealth that hurts productive agents proportionately more. By contrast, capital taxes raise average
wealth because lump-sum tax rebates more than offset human wealth losses. Wealth inequality falls,
because the poor -- for whom equal-sized rebates mean a disproportionately larger gain -- benefit
more. Thus, both the average wealth effect and the differential wealth effect of capital taxes reduce
wealth share inequality. Under strong heterogeneity, distribution effects on human wealth must be
added to the previous effects. A positive distribution effect lowers leisure, wages, and human
wealth, leading to lower average wealth and an inequality-increasing differential effect. Thus, a
positive distribution effect lowers average wealth for labor taxes, but for capital taxesit raises aver-
age wealth by less than under weak heterogeneity. Also, wealth equalization is weakened. By con-
trast, when S _>0 positive average wealth and wealth equdlity effects are reinforced.

The discussion of this section is summarized by:

Theorem 3. (Wealth Distribution Effects) Assume V, € [0, 1], X = a,c with V, = O for labor taxes
and ¢, > 0 for capital taxes. Then, under weak heterogeneity, average wealth is unchanged for
labor taxes and rises with capital taxes while wealth inequality falls for labor and capital taxes.
Under strong heterogeneity, positive (negative) distribution effects cause average wealth to fall

(rise) for labor taxes, strengthen (weaken) the positive average wealth effects for capital taxes, and
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strengthen (weaken) the positive wealth equality effects for labor and capital taxes.

The result that factor taxes lower wealth inequality is robust to the full range of distribution
effects. However, the effects of factor taxes on aggregate quantities and wealth are much more sen-
sitive to the size and sign of the distribution effects. Thus, an inequality-output tradeoff existsfor [S
T-1] under weak heterogeneity for capital taxes, something that is not guaranteed otherwise. Also,
the results on the wealth distribution effects of factor taxes are partially consistent with the data.
Wolff and Marley (1989) show that aggregate wealth rose in the United States from the late 1940s to
the middle 1980s, whereas wealth inequality tended to fall until the middle 1970s and then rose.
During the same time, aggregate marginal labor tax rates trended up according to McGrattan (1994)
while capital tax rates trended down. Thus, for S <0, labor taxes could explain arise in aggregate
wealth and wealth equality over several decades, particularly if -- as suggested by the simulations

below -- |abor taxes have greater wealth distribution effects than capital taxes.

V. Marginal Welfare Costs of Factor Taxation under Heter ogeneity

The marginal welfare cost of atax is defined as the social welfare change of a distortionary
tax per unit of lump-sum transfers financed by revenue changes. To find the amount of lump-sum
transfers necessary to balance the budget after a change in factor tax rates, or dR;, one differentiates
excess distortionary revenues in (23). The change in social welfare, dU, isfound by differentiating
(27). Inserting the equilibrium responses for consumption and leisure from equations (29) and (32)
yields the o' -constant or compensated welfare change, which can be further divided into an efficien-
cy effect and a distribution effect.’® Equity effects on social welfare are computed by relating entro-
py changes to changes in wealth inequality using (37). Welfare changes are transformed into wealth
equivalents -- so that they are expressed in the same units as revenue changes -- by dividing dU by

the steady-state marginal utility of consumption of the representative agent, ucRA =E/(1-0(1-y).

8 Asnoted by Guesnerie (1995) and Boadway (1994), strict separation between efficiency and equity, or in this
case distribution effects, is unlikely in applied welfare analysis in a second-best world.
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As noted by Judd (1987a) for a continuous time anal og, the impact on socia welfare of atax change
is equivalent to aggregate consumption rising by a constant equal to (1-p)dU/(p uCRA) :
The resulting expressions for dR; anddU/ ucRA are combined with (34) and (36) to yield
formulas for the marginal welfare cost, (dU/ uCRA) / dR,. Then, following Judd (1987a), the formu-
las are transformed into MWC = [(1-p)/p] (dU/uCRA) / dR,, which is the per period (or flow) wealth

equivalent of the change in welfare from using a factor tax rather than alump-sum tax:

S

p _ w 1 1 I\I]V\;SG -1 e e
38 MWC(t)=-U"Y+]1-—=|] —-1 - (L+A U Y
9 (1-p)re () o)\ o o ( ) "
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Variables with superscript RA have been evaluated under

S
U= 1 . i + 901 1- i )
WNGeNG e E, Ae
the weak and no-heterogeneity assumption of S _=0. Alternatively, a superscript NG denotes a no-

government regimewhere y =t =t =0 intheinitial steady state. The distinctions are useful for
highlighting the independent effects of the taste distribution and of preexisting distortions on welfare
costs, where preexisting distortions are assumed to satisfy x>y and e > WNCeNC_ 19

The interpretation of the formulasis that a negative term represents a cost to society while
positive terms represent again. The MWC formulas are a sum of three parts. In the order in which
they appear in (38) and (39), there is arepresentative agent or efficiency effect, which is also known
asthe marginal efficiency cost (or MEC), an inequality or equity effect, and finally a distribution ef-
fect. Theseterms are best understood by comparing the cases of no, weak, and strong heterogeneity,

where all cases are evaluated without a government (Ae = AN®eN®) and with a government

¥ Note that e istheratio of the consumption share of net output to the after-tax wage share, which rises with
preexisting tax rates. While A& >AN®eNC jsajoint condition on initial tax rates and v, the emphasis of this paper is
on factor tax distortions, not the offset to distortions from y. Also, \N°eN®> 1 because p<1 and 6 <1.
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(he >WNSeNCS) The comparison also requires that the initial steady-state h and y are fixed to disen-
tangle the effect of initial distortions and the initial taste distribution.

First, without any heterogeneity, or € = €™ and ‘Pji = 0, factor taxes have a negative effi-
ciency effect that rises with preexisting factor tax distortions, whereby taxes have no social welfare
effect when there is no government (U ' =0). Second, under weak heterogeneity, & = €™ and
‘Pf =0in(36), but ability and endowment variation imply ‘PjS“ > 0 under the assumptions of
Theorem 3. Inthis case, factor taxes also promote wealth equality, which increases social welfare
unless V_ = 0 for labor taxes. In other words, factor taxes cause positive equity effects on welfare
that offset negative efficiency effects. Thus, the MWC islower under weak heterogeneity than under
no heterogeneity. However, because equity effects do not depend on initial distortions given heg,,
efficiency costs increase in importance relative to equity gains as preexisting distortions rise.?

Third, under strong heterogeneity the distribution effect on welfare comesinto play and the
efficiency and equity effects are also altered because they depend on the taste distribution. The effi-
ciency effect depends on the taste distribution through E_, which determines how strong consump-
tion effects on welfare are relative to leisure. When E_ issufficiently large, factor taxes cause an
efficiency loss because discounted consumption reductions outweigh discounted | eisure increases,
but an efficiency gain is possible with a sufficiently small E . When h and ¢ arefixed, E, andS
vary accordingto S = e(l+e) - E, sothat E will besmall (large) as S, >(<)0. Thus, the
efficiency coefficients U™ and U " aresmaller (larger) as S, >(<)0 and ¢ rises(falls) relative to
g™, thereby offsetting (enhancing) the efficiency cost under weak heterogeneity. Without a govern-
ment, the efficiency effect on welfare is negativewhen S <0 and positivewhen S, _>0. Also,
higher initial distortions aggravate efficiency losseswhen S <0 whileforS >0 efficiency effects

are offset. As preexisting distortions increase, the response of consumption rises relative to that of

% Also, the coefficients on the |eft-hand side of (38) and (39) imply that initial tax distortions raiseMWC(t,,) but
weaken MWC(t,). Thereason isthat for labor taxes a higher initial level of discounted excess distortionary reve-
nues, R, meansthat tax increases have a smaller revenueyield, dR,. By contrast, initial distortions imply a higher
revenue yield for capital taxes because the discount factor becomes more responsive to capital taxes when initial
distortions are high, and this positive effect on dR, overshadows the previous negative effect on dR,.
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leisure so that a negative efficiency effect is possible even when S, is positive but not too large.?

In contrast to the efficiency effect, the equity effect depends on the taste distribution viadis-
tribution effects on wages and human wealth. Theorem 2 shows that the distribution effect weakens
(strengthens) the inequality effectswhen S _>(<)0. Examination of ‘PjS“ in (36) revealsthat ini-
tial distortions weaken the equity effect when S, _<0. However, when S >0 distortions have an
indeterminate effect, either strengthening or weakening the equity gains. Thus, when S <0, initial
distortions widen the difference between efficiency losses and equity gains. By contrast, when
S,,>0, initia distortions offset efficiency gains, causing them to turn negative and have indetermi-
nate effects on equity gains so that the net effect on welfare is an open question.?

Finally, when the distribution effect on welfare is considered, welfare losses under strong
heterogeneity may, under some circumstances, be larger than under weak heterogeneity. Itisclear
from the coefficient U ® that without preexisting distortions, positive and negative distribution ef-
fects reduce social welfare, but as preexisting distortions increase it becomes more likely that a
positive distribution effect increases welfare. This surprising result can easily be explained. Be-
cause the distribution effect moves aggregate consumption and leisure in opposite directions, the net
welfare effect depends on whether consumption or leisure dominates. The coefficient U © reveals
that initial tastes and preexisting distortions determine the outcome. Consider first the case of no
preexisting distortions. When S <0, agents see equi-proportional o' -compensated reductionsin
consumption and increasesin leisure, or és' -6'<0< IASi - &', where wealth redistribution from rich
(R) to poor (P) implies that uncompensated responses satisfy CSP >0> CSR and IASF> >0> IASR. At the
sametime, when S <0, E_ islarge, meaning that compensated consumption declines dominate
|leisure effects on the MWC. By contrast, when S, >0, the above inequalities are reversed and E is
small, so that compensated leisure reductions prevail. Thus, positive and negative distribution

effects aggravate the MWC with no initial tax distortions. Initial distortions increase the uncompen-

1 As can be seen by comparing (29) and (32), the dynamic effect on consumption rises relative to leisure as
[/h =X or(Ae/ANCeNC)(e™/¢) rises or asinitial distortionsincrease.

* Note that the MEC of capital taxation tends to increase with ¢, or when Sislarger and T-S smaler. The
equity effect, \¥',™, riseswith ¢, when S _ =0, butwhen S <0, the effect is weaker.
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sated response of consumption relative to leisure, weakening the o' -compensated response of con-
sumption and increasing the likelihood that the compensated |eisure effect isdominant. Thus, with
sufficiently large distortions so that the leisure effect doesin fact dominate, MWCs will be aggrava-
ted by a negative distribution effect and weakened by a positive distribution effect.

This discussion on the marginal welfare costs of factor taxes can be summarized by

Theorem 4. (Marginal Welfare Costs) Assumeinitial distortions satisfy yN® >y and Ae > ANCeNG,
fix theinitial steady-state h and y, and divide the population into two groups according to their
wealth. Then under the conditions of Theorem 3, factor taxes reduce social welfare under no hetero-
geneity through a negative efficiency effect that increases with preexisting tax distortions. Under
weak heterogeneity, factor taxes have a positive equity effect that isindependent of preexisting dis-
tortions and offsets the efficiency effect on welfare. Under strong heterogeneity, efficiency and
equity effects are strengthened (offset ) when S,_<(>)0, with efficiency gains a possibility when
S,,>0. Distortions widen the difference between efficiency losses and equity gainswhen S, _<0.
Also, a negative distribution effect on welfare must be added to efficiency and equity effects, but
when preexisting distortions are sufficiently large and S, «0, a positive distribution effect is

possible. Increases of ‘S o ‘ offset (enhance) the distribution effect when S _<(>)0.

To put this section into perspective, it is clear that the MWC islower under weak hetero-
geneity than under no heterogeneity, with the difference narrowing with initial distortions. How the
strong heterogeneity scenario compares depends on the distribution of tastes and on initial distor-
tions. A positive MWC ispossiblewhen S >0 and initial distortions are small, something that
seems counterintuitive and further strengthens the arguments against this specification of individual
characteristics. Alternatively, when S <0, the difference between the MWC under strong and weak
heterogeneity depends on whether the MEC rises more or less than the equity gainas S, _ falls.

Also, the distribution effect aggravates the MWC when distortions are sufficiently small (and weak-
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ensit otherwise). However, as S becomes more negative, the effect of distortions on the distribu-
tion effect are offset. The problem is that, while the evidence favors S <0 over S >0, no evi-
dence existson whether S _ issmall or large. Becauseit isunclear apriori which of these effects on

the MWC dominates, a quantitative assessment of the MWC formulas is considered next.

VI. Computational Experiments

Numerical examples are provided to shed light on how the MWC and its critical components
(changesin leisure, consumption, and inequality) react to variationsof S , V_,and V_. Forsm-
plicity, this section looks at the effects of permanent factor tax increaseswith S>1and T - «. Fi-
gures 1 and 2 graph the results of an initial experiment where S = 3 for agiven set of parameters and
predetermined variables that are discussed below.* In particular, Figure 1 looks at the transition
path of consumption and leisure following a 10 percent change in labor or capital taxes, and Figure 2
looks at the inequality effects (as measured by the percentage change of the wealth share of the
poorest 90th percentile of the population) and the MWC. Table 1 summarizes this experiment and

compares it with alternative experiments that vary S initial tax rates, and other critical parameters.

Parameter Choices

The parameters for the initial experimentare p =0.99, 6 =04, t =025, t = 0.5, and
v = 0.2, and predetermined variablesare h = 0.2, nR=0.1, and nRo" = 0.7. Since most variables
in the model are described as shares of output, the initial steady-state output is normalizedto y, = 1.
The parameters are close to point estimates by McGrattan (1994).2* First, the production sector is

defined by the capital share parameter, which has shown awide dispersion in the literature. Numb-

% Thetiming of policiesis akey issuein dynamic models. Although many alternatives exist, having S =3 and
T - « illustrates the idea that most taxes are anticipated because |legidlation takes time and are rarely legislated to be
temporary. The choice aso alows an evaluation of anticipation effects and perhaps also afairer appraisal of the
merits of wage and capital taxes given that unanticipated capital taxes are partly lump-sum.

# Specifically, the numbers have been rounded to simplify comparison with other research. The difference
between the rounded numbers and McGrattan’s point estimates is statistically insignificant. Also, the simulations
suggest that the rounding differences are quantitatively insignificant.
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ersrange from 0.25 asin Judd (all) and Auerbach and Kotlikoff (1987) to 0.4 in Cooley and Prescott
(1995) and 0.43 in King et al. (19884). Specific choices depend on how income is assigned to capi-
tal and labor (Christiano, 1988), which depends partly on how government capital and household
durables are counted (Cooley and Prescott, 1995). Next, the government sector is defined by spend-
ing and tax parameters. The spending share is chosen to approximate the postwar average in the
United States and give areasonable value for initial steady-state government debt. Thereis consid-
erably more debate about the appropriate tax rates. Hansson (1985) and Judd (1987a) summarize a
variety of studies and argue that estimates for aggregate marginal labor tax rates have ranged from
0.2 to 0.4 and estimates for capital tax rates from 0.3 to 0.5. McGrattan computes aggregate margin-
al factor tax rates for 1947 through 1988 and val ues close to the sample averages have been adopted.

Finally, the household sector is described by afew summary statistics of the joint distribution
of agent characteristics and aggregate labor. First, avalue of p = 0.99 for the utility discount factor
is often assumed in the literature (asin Judd, 1987a,b). The value defines the length of aperiod asa
quarter of ayear and implies an average annual after-tax real rate of return of 4.1 percent. However,
choices can range from 0.987 (Cooley and Prescott, 1995) to McGrattan’s estimate of 0.993. In the
aggregate, households are also assumed to spend 20 percent of their substitutable time working in the
original steady state. Calibrated examples of dynamic models consider a wide range of assumptions
for h, such as 0.33 in Cooley and Prescott (1995) or 0.4 in Auerbach and Kotlikoff (1987). As
Eichenbaum, Hansen, and Singleton (1988) explain, such choices largely depend on how the time
endowment is computed and whether only employed households or all households aretounted.
Onceh is determined; is pegged and+e) ! = S, +E, determinesthow  Sand vary.
However, there is little evidence on tastes for consumption relative to leisure. Under the implicit
assumption thag =0 , Auerbach and Kotlikoff assulje- 0.4 to tie down aggregate labor and

McGrattan estimateEa =025 . Howeveﬁ:a does not tie dbwn uﬂog;ss is identified and, as

% gtrictly speaking, h is an efficiency-weighted measure of aggregate labor, which differs from aggregate labor
or employment, depending on the distribution of skills (for work in this area see Kydland, 1984, or Kydland and
Prescott, 1993). However, anumerical example shows that the MWC are relatively insensitive to variationsin h.
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argued earlier, no evidence exists to support any particular identification beyond S _<0. To be safe,
the simulations consider the whole range of S, for agiven h, but when using the range is too
unwieldy, S, € {0.15,0,-0.15} is assumed.”® It was also argued earlier that the evidence seems
consistent with V, € (0, 1] for x = a, c and S, <0. However, the problem is that there is no evi-
dence on the exact value of V,.*" Thus, the polar cases of no-ability variation and no-endowment
variation are examined to see the range of possibilities. Finally, following Wolff (1994) and Wolff
and Marley (1989), the top wealth decile is assumed to hold 70 percent of aggregate wealth, which is

an average of marketable wealth holdings in the United States from the early 1960s to the late 1980s.

Smulation Results

Figure 1 shows the transition effects of aggregate leisure and consumption (measured as
percent deviations from the initial steady state) when factor taxes rise by 10 percent. Transition
effects are compared for S, _ € {-0.15, 0, 0.15}. Itisapparent that when S, <0 the distribution
effect for consumption and leisure is much likelier to dominate the representative agent effect for
labor taxes than for capital taxes. The reason isthat capital taxes have much larger representative
agent effects on capital than labor taxes. In fact, the representative agent effect of capital taxes is so
large that the distribution effect will, in most cases, be dominated, even when S = approachesits
lower limit. By contrast, the distribution effect of labor taxesis completely offsetting when S _ falls
dightly below -0.15. In addition, the distribution effect is comparably large in the anticipation phase
for labor taxes and also for capital taxes very early in the anticipation phase of consumption. Thus,
because of the distribution effect when S <0, Iabor taxes can easily cause non-standard transition
dynamics, something that is unlikely for capital taxes except very early in the anticipation phase.

Figure 2 graphs the wealth inequdlity effects and the MWC for the wholerange of S that

* The range of S, is(7(1+a)’l, s(1+e)’1), which by ie shiftsto theright as h or initial taxesrise. Theinitia
parameter assumptionsimply S _€ (-1.33, 0.251), sothat S _=-0.15 isvery conservative, contrary to S _=0.15.
Thus, theinteresting case of S _=-0.15 represents afairly small deviation from the representative agent case.

" While there has been considerable debate about the endowment or bequest share in aggregate wealth (see
Kessler and Masson, 1988), there has been no discussion of how endowments and abilities covary across the
population and how these components of wealth covary with tastes. Both issueslie at the heart of determining V, .
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corresponds with theinitial experiment. Specifically, the upper panels examine inequality effects
and the lower panels of Figure 2 compare the marginal efficiency cost of factor taxes with the MWC
for V, =0 and V, = 1. Asapoint of reference, having S, | = 0 isolates the wealth inequality effect
under weak heterogeneity and the equity effect, which is the gap between the MEC and the MWC.
For labor taxes, the equity effect is zero when V, = O but soon becomes much larger than the effici-
ency lossas V, risesor asthe differential human wealth effect becomes stronger and with it the
wealth inequality effect. While the equity effect is not as pronounced for capital taxes, it still pro-
vides anon-trivial offset to the MEC and the MWC. However, the difference between the MWC
evaluatedat V, =0 andat V, = 1 playsaminor role, because when differential human wealth ef-
fects become weaker, they are balanced by stronger average wealth effects. As S _ falls from zero,
the net effect of taste heterogeneity isto lower the MWC for labor taxes, but it still stays positive,
while for capital taxes the net effect aggravates the negative MWC. Thus, on net tastes tend to play a
relatively minor role for labor taxes, but for capital taxes they are more important, causing the MWC
under strong heterogeneity to approach the MEC.? The observation that tastes may be more
important for MEC(t,) than for MEC(t,) as S, becomes more negative tends to be valid for al
experiments considered in this section.

Table 1 presents comparisons of the initial experiment with alternative cases to explore the
sengitivity of the model. Rows of the table show the long-run response of |eisure and consumption,
inequality effects, and the MWC under no and strong heterogeneity, where the range of possible
inequality effects and the MWC isindicated by V, = Gand V, = 1. Columns of the table distinguish
theresultsaccordingto S _ € {-0.15, 0, 0.15}. For example, when S _ = 0the MEC is-0.008 for
labor taxes and -0.342 for capital taxesin case 1. The numbers also show how strong the equity gain

for labor taxes is compared with efficiency costs and distribution effects. When S _ = 0O, the equity

% Recall that strong heterogeneity has three separate effects on theMWC. As S, <0 grows more negative, the
MEC and the equity gain both rise. Thus, the gap between the MEC and MWC curves widen because the rise of the
equity gain dominatesas S _ falls. The third effect on the MWC arises from the distribution effect and is usualy
very small compared to the MEC and the equity gain. For the cases considered in this section, initia distortions are
sufficiently high that the distribution effect offsets the MEC and adds to the equity gain when S _<0.
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effect raises the MWC for labor taxesto 0.066 when V, = 1 and diminishesthe MWC for capital
taxes by at least two-thirds. However, when S = -0.15, the MWC for capital taxes under strong
heterogeneity moves close to the MEC despite positive distribution effects that cause underlying
changes in consumption, leisure, and inequality to be smaller than under weak heterogeneity.
Thefirst set of aternative experiments variesthe initial tax distortions, with case 2 assuming
t,=03and t =0.3 andcase3assuming t, = 0.3 and t, = 0.6. These cases confirm that the ine-
quality effect of labor taxes tends to be much stronger than for capital taxes. Asthe capital tax rate
rises, the consumption effect becomes more pronounced as compared with leisure so that the MEC
rises; yet there is no commensurate reduction in inequality. One reason that the capital tax has com-
paratively large efficiency effects and small inequality effectsisbecause it is so high. When the
capital tax rate is the same size as the labor tax rate, a positive MWC s possible despite inequality
effects that appear small. Another set of experiments -- case 4 where S=1 and case 5where S=5 --
shows that the much discussed timing issue remains important when considering heterogeneity, al-
though mainly for capital taxes. While changesin Stend to have modest effects for labor taxes, for
capital taxes when Srises the rapid rise of the MEC overwhelms everything el se and the MWC be-
comes more negative. When S= 1, the capital tax is partially alump-sum tax. Inthis case, capita
taxes have a small efficiency effect and a sizeable inequality effect when wealth variation is mainly
due to endowment variation. The final two cases presented in the table vary parameters that have
shown wide dispersion in the literature. Specifically, it is shown that varying 6, which in case 6 falls
to 0.25, is quantitatively important but that doubling h in case 7 does not appreciably affect the
results. Increasing the capital share leaves long-run quantity and inequality effectsrelatively
unchanged for labor taxes and subdues them for capital taxes. However, because the adjustment
time toward alower steady-state is also reduced, the MEC and MWC for labor and capital taxes tend
to rise. Finally, reasonable variationsin p and n R6R create no significant qualitative differences.
Surprisingly, the MECsin the initial experiment are very close to those in Judd (1987a),

despite differences in timing assumptions and parameters. Judd cal cul ates that the MEC ranges from
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-0.04 to -0.02 for labor taxes and from -0.38 to -0.15 for capital taxes for experiments that come

nearest to the ones discussed here. These ranges can easily be replicated. Assume, as Judd does,

that S=1and 6 =0.25,let t, =t =03 inonecaseand t, = 0.4 and t, = 0.5 in the other, con-

strain theinitial government debt to be zero, and let h € [ 0.2, 0.4] . Under these circumstances,

MEC(t,) € (-0.02, -0.01) and MEC(t,) € (-0.36, -0.15). These findings echo Judd’s and Auer-
bach and Kaotlikoff's conclusion that capital taxes impose a significantly higher efficiency cost on
society than labor taxes. By comparison, case 4 and results by McGrattan (1994), where the tax
parameters mimic Judd but all other parameters are close to case 4, suggest that the disparity be-
tweenMEC(t,) andMEC(t,) may not be quite so drastic. One reason for the disparity is that Judd
and Auerbach and Kotlikoff constrain the initial government debt or deficit to be zero when initial

tax rates are raised while the other cases constrain  to remain unchangedy When is adjusted up-
ward to balance an increase in initial tax rates, initial excess distortionary revenues fall, which tends
to raise the revenue yield of the labor tax and thus lowerbiWVE (t,) . However, for capital taxes
this outcome is overshadowed by an enhanced responsiveness of the discount factor to tax changes
that tends to lower the revenue yield and raiseMi&C (t, ) . Case 4 and McGrattan allow a
widening of a preexisting deficit to occur instead of adjusting , which compresses the disparity be-
tweenMEC(t,) andVMEC(t,) . In fact, through this same processVBE(t, ) may even exceed
the MEC(t,) for an initial surplus whe8=1 . However, tMEC(t) quickly eclipses the
MEC(t,) asS rises, illustrating not only the special nature of assurBind and constraining
initial debt but also reaffirming how important timing assumptions are for capital taxes. In fact,
when S =1, capital taxes always cause large equity gains that dominate small efficiency losses for
V, =0, but whenS>1 , capital taxes lead to large efficiency losses that dominate equity gains.

While the welfare costs of capital taxes tend to be sensitive to parameter variation, the num-

erical examples yield a few robust conclusions wBen< 0 (which seems reasonable in light of the
previous arguments againSt_ >0 ) avig>0 . Labor taxes have a distribution effect that may do-

minate the representative agent effect along the adjustment path eveswhen is small, but for cap-
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ital taxes representative agent effects alwaysrule. Thus, labor taxes can easily have small negative
or even positive effects on leisure and consumption. Also, labor taxes tend to be more effective at
reducing wealth inequality than capital taxes, except when abilities contribute little to wealth varia-
tion and taxes are unanticipated. However, inequality reductions are small: following a 10 percent
risein tax rates, the wealth share of the poorest 90th percentile rises from 30 percent by at least 1.5
percentage points for labor taxes and by no more than 0.5 percentage points for capital taxes. Still,
the equity gains from inequality reductions are not trivial when compared with the efficiency losses
of labor and capital taxes. In fact, the equity gain for labor taxes usually dominates the marginal effi-
ciency cost under weak heterogeneity. This dominance is unlikely for anticipated capital taxes.
Under strong heterogeneity, equity gains still dominate for labor taxes and cause a positive marginal
welfare cost. By contrast, efficiency costs and distribution effects dominate equity gains for capital
taxes. Inthiscase, as S, = becomes more negative, the marginal welfare cost under strong heteroge-

neity approaches the marginal efficiency cost, which fallsin the range computed by Judd (1987a).

VIl. Concluson

For some economic questions, such as the welfare cost of taxation, it is essential that hetero-
geneity approximate the real world in order to capture potential distribution effects. However, once
heterogeneity is taken seriously in a dynamic model, one must also analyze the consequences for the
transitional dynamics because these enter into the welfare calculation. To illustrate the dangers of
ignoring heterogeneity, a simple deterministic dynamic model was developed where agents differ in
their tastes, abilities, and endowments, asin traditional public finance models. The model is tract-
able and yields explicit formulas for dynamics, wealth distribution effects, and marginal welfare
costs. It isshown that although weak heterogeneity (abilities and endowments) does not affect dyna-
mics, welfare costs are lower than without heterogeneity because factor taxes reduce wealth inequal-
ity. Infact, numerical examples show that the equity gain for labor taxesislikely to dominate the

efficiency loss, while for capital taxes the equity gain can provide a considerable offset to the effici-
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ency loss but most likely is not dominant. Strong heterogeneity (abilities, endowments, and tastes)
creates feedback between the wealth distribution and the path of aggregate variables, and this distri-
bution effect can complicate adjustment dynamics and usually aggravates welfare losses. Numerical
examples reveal that the distribution effects can easily dominate the adjustment dynamics for labor
taxes, but not for capital taxes. Also, equity gains tend to dominate efficiency losses and distribution
effects when computing the marginal welfare cost of |abor taxes and vice versafor capital taxes.
While the functional form assumptions might appear restrictive, it is not too difficult to show
that the heterogeneity considered here still matters for dynamics and welfare costs with more genera
functional forms, aslong as utility isintratemporally and intertemporally separable. The model also
generalizes quite naturally to other forms of heterogeneity, such as time preference and age effects.
Preliminary work suggests that embedding the model in Blanchard’s (1985) overlapping generations
framework and assuming heterogeneous survival rates matters for dynamics only if intratemporal
tastes differ. However, if annuity markets are imperfect in the sense of Abel (1989), a new intertem-
poral distribution effect arises via the aggregate Euler equation, which is complementary to evidence
by Attanasio and Weber (1993) that age-distribution effects matter. Naturally, future work might
also consider stochastic environments along the lines of Long and Plosser (1983), or else such work

may explore how heterogeneity alters the outcomes of other policies (see Becsi, 1993).
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Appendix
Thelnitial Steady State. A few important initial steady-state relationships are presented at the
outset. First, normalize output to y, = 1. Evauating (19) through (21) in steady state implies
(A1) ky=x(1-v), where x =(1-y)*6p(1-t),
(A2) h=(@en)? = 2k, where o = 220071
(1-t)(1-0)e

Given p>0,then p(1-t)>1-y impliesp>yx>0. Also, (1-x)(1-v)>(1-t)(1-0) implies Ae> 1.
Evaluating discounted output in (25) yields n =p*and P=) _ n =p/(1-p). Thus, individua wedlthin

(6), aggregate wealth in (24), and the government’s budget constraint can be written as

(A3) z'=ky +hy +P(1-t,)(1-0)(1+A)a’ + Pt
(A4) E, =k, + P(1-t,)(1-0)A(1+e) - P(1-p)p *x(1-v) = P(1-t,)(1-0) A(1+e)
(A5) by =Pt +P(v-y) =Pt +(P(1-t,)(1-0)(Ae-1) - k)
wherel+e =1/E, . . (A4) can be used to derive:
(A6) E;Se =S¢ =Sty t Sz, = Sy Vx<Ez§<o)’ X=0a0
V4 E _ -1
where using (A5) a crucial term isV, S = S; = P(1tW)(16)(1+A)% = @Sxa = 11+)‘ S.
z z +e
Derivation of (28)-(33) Givenl =1Vse[ST-1] and =0Vs¢[ST-1] , it follows that
XS*l*S(l _XTfS) s<S-1
(A7) Xo= (L0 X Mgy = 1y L S<s<T-1
0 s>T
0 s<S-1
s-1 1 7es+175
A8 K=Y o', = S<s<T-1
(A8) 2 1-0
0>t TK, s>T
LGX)SX s<S-1
1-0y °
s-1
A9 KX=Y o'X_, = 1-(60°~ _ Ul 1 oek V1005 .
(A9) 2 e DK L-a O)KS)TW Ses<T-1
05 TKY, s>T
Thus, in the long run or as~ , a permanent shocK {8 « ) implieX =1 and

K* =K/ =1/(1-0), while a temporary shock (ar-S<« ) implies=X_=K*=K_' =0
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To derive equation (28), total Iy differentiate (19) and insert (A7). Doing so yields

dt dt,

:—l 1- Vll r
(A10) a-pSe r+xxs+l (-0« R

r

With this calculation, equation (29) follows directly from (20) differentiated and (A 10):

- A . - - dtW X, dt
hy = -(1-h)k, A =-€+I - X g o=- s T
(ALD) N R R Ay

W

Then, to derive (30), totally differentiate (21), substitute for ﬁs from (A12), collect y coefficients, sim-
plify using (A11), and define 1-¢ = (1-h)(1-9):

.ol . d _
(A12) k =Y 6(1-0)c + (1-9)l, W, 1ooys
v=0 1_tw l—X

- dt 1- dt
= (1-h)(1-6%¢ - (1-p)K;—2 - ZPAgx T
o7 @0 - ok - T

Thus, output and consumption effects in equations (31) and (32) are

" . dt, (1- dt
Vo = ~ s * K = (1-h)(1- Co ) [ e |
(A13) Ys = ~is + K = (1-h)( ST, ( R
° - dt 1-gKX-X_| dt
(A14) és = —(1,X)*1§‘(S + ks — (1*h)(1*95)8 _ (1_(P)KSI W ( ( (PX.) s r
1 W 1_X. 1_tr

Equation (33) uses (A13) and (A11) and links to the capital-labor ratio via - (8/(1-6))f, =W, = (k_, -h):

- - dt 1- 1-vh dt
W, =9, - B = - (1-h)e%e + [(1-0)(1,-K.) + 6(-hy1 _|— - [ 1o@xycx Loy | T
(A15) W =9, h, = -0+ (1-0)(1,-KS) £ 01 = (1_X e s

Finally, total differentiation of equation (28) together with (A10) and (A11) produces

W

PN A dt, - 1 . As~
Al = - | = - = =
( 6) s Xs* uz::l (X-u ly 17tr ts* UZ:l ( u” 1- X.( X-Xul)) 1-y ( )
. dt, - ~ X, dt . dt,, N o~ ~ X, dt 1 -
(A17) - g thg= "8+ —— R + )\S=*8+—
1-t,, 1-y 1-t, 1-t, 1+ 1y 1t 1a°®
Derivation of (34)-(36). This section finds solutions for two similar equati ons:
(A18) (Euc (1- u)c - dSuc - Eilz I(a E )(dzl dE) uc Z
(A19) 15dS, = E,"Y n'(o'-1)(dz' - dE,) - S, E,

Straightforward differentiation of average wealth and inserting (A17) implies ssimply

(L-L)-0)M1+e)
E

z

T
N

(A20)

LX, dt g . . X, dt,
Z>1PS Bt —— el =Bt t
s 1y 1-t, 1+8

1-y rtr
The differential effect is derived by differentiating S in (22), treating x asfixed, and inserting



37

(A17). These stepsyield the same answer as computing lei ~dE, and then aggregating. Thus,

Y, n'(x-E)(cz' - E) - sxa(l—tw><1—e>(1+x)zs>lps[ PR ;1]

1-x 1-t, 1+ °

Substituting equations (A11), (A4) and (A16) into this expression yields

. . . Py, X, dt\ S.E dt
n(x"-E\dz'-dE -0 W 0 r a —z (loc)olP r
Z| ( x)( z) %(a z—(1- aco[ €+ A l—tW l_X 1_tr) 2 1—tr
X
where p,=p? S.=pSt2-p"9), gpo o g
0 Zszlp S P ( P ) (1_X)P 1-
S-1-s T-1 T-1 T-1-s 1-
Pre Y, pXe = (-9 12( ) DI AN IaY (l) = =2pp-_LX,
s=S s=ss\ P pP-X pP-X
Simplifying using (A6) resultsin the differential effect for x=a,0 :
dz'-dE, . Py, X, dt S, dt
X - _ E e+ 0 W 0 r _ _ (k+b) _ E LP r
(A21) Z ( Ex) Z §<a (1a)0( 2 1—tW l_X l_tr] (%(0 EZ (lfoc)oia 1_tr

Finally, inserting (A20) and (A21) into (A18) and (A19) and collecting ¢-termsyields

E + S S P dt _ Soc(k+b)XO dtr -ls - Soc(k+b) “E IS yp dtr
(A22) (1 ®)0 ( )8 (1 a)ooa 2 1- t Ez(l_X) l—tr o EZ (1-a)o“wa 0 1_tr
ds,, _ P, dt X, dt, S dt
oo (S S ¢-E IS W 0(k+b -ls - o(k+h) = IS T
(A23) 2 (l oc)o( ) (1-a)o~oa 2 1*tw Ez(l X) 1- tr 00 EZ (1-a)o~oa 0 1’tr

where W, - w0 o X P*_ x(1-p)( pSH1p"S xSl(leS)] ) Po % _
1-xy 1-xP p-x \ 1-p 1-x p-x \(1-p 1y

Equations (A20), (A22), and (A23) are smplified using (A2) and (A6) and defining x = a, o:

aPOZ%UPO%’ [S«r S(Za] _0 S(Z“P S«r - (1 V, + he, x)

S 1 E S -1
‘I’Z—E(la)UEa+ILZa:§(0I(1+)‘ u +va], YoE 5 -|a-g |[11+A vc]
+&

Po1-0) _ y(1-p)( Po 1y _
X, p-x | X, 1-p

where ¢, = ]>oforT~ooorST—1>1and @,=0for S=T-1=1.

Inserting these definitionsinto (A22) yields (34), where the coefficients are P, ¥}, = ¥,/ ¥, and

o
€

_ XO € LIJr € € H H
1A hH—¥'=—L. Toevauae ¥, and ¥ for V. [0, 1], fix A or =E +S . ForE ¢(0,1) it
1—X r w r X o [:10) o

P 1l+e

€
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- E . . . -1 E
followsthat S, e[ -5, —L| and —= ¢ (0, - (1+¢)). As S, risesfrom itslower limit, e v
1+e 1+e 0 l+e Socc

risesfrom alower limit of V_-(1+1") to anupper limitof Vv . Both ¥, and ¥; risewith S, froma
lower negative limit to zero (when S, =0) and then to an upper positive limit. Thus, ¥, |, _, =0 and
sgn{ Pl g} =S Tl (o n} =SON(S,} . Also, |¥ | and [P} | risewith |S,, |.

Then inserting (34) and the above definitionsinto (A20) and (A23) yields (35) and (36) via

(A24) s e KXo dy Ry Xl 1at) &
Tl Loyl Lee 1o, 1o\ e )1,
(A25) Tho @i ot w0 1 - _p g g —w _ Z0%oghe T
2 1-t, 1-t, 1t, 1x 1

Labor taxes only act through ¢ in (A24) wealth; thus, the analysisis as above. Capital taxes have a

positive direct effect and a distributional effect that riseswith S through ¥;. Infact, ¥; =0 for S_=0

c €
V, =0 1+e

V, =1 ispositiveif 1+e>¢, and lessthan the lower bound for V, =0 if ¢,>1. Since ¢, can be large (if

)hfl
v el 1- %0 1+2 %0 Thelower bound for
- l+e l+e

1
and 1+ 24 v
£

r

-1
,+oo] and 1+ 1+A pe
1+e

Sislargeand T-s small), the lower bound for v, = 1 may be negative.

Bounds on the coefficientsin (A25) are ‘PVSV

SUU
V=V, =0 0and ¥,

| en 1+t 14278
Ve=Vo=1 1+e = 1+e |

lIJSGG

r

)Lfl
VooV -1 e( $o® %o ) , Where Ae>1in (A2). Also, the

e S
- - € 1 too 1 and lP ” 1
Vo=Vo =0 ( l+e ) ' l+e  1+e

‘Psqa

X

depend positively on S, through ¥} with S _=0 implying ‘PVSV =V, and

v,V €[0,1]

P - 1-V. rhe,V, .

Derivation of (38)-(39). Thefirst step toward solving for the welfare costs of factor taxation is

differentiating discounted excess distortionary tax revenuesin (23):

dt,,
1,

which is evaluated using (A16), (A10), and the relationship (1-x)(1-y) - (1-0)(1-t,) = (1-0)(1-t,)(Ae -1).

dRy = Y- p°| ((1-0(L-1) - (L-0)(A-t ), +| - (L-1xFs + (1-0)(1-t,)

Simplifying the resulting expression yields the first equation required to calculate margina welfare
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Costs:

A6 1P 4R - (1-0)a-ty| P A e g0 It
(A26) P 01t 1-y 1-t,

W

The second step istaking the total differential of welfare in (27) which resultsin

R S Ae-1 E. 0(1-p))-
du =Py ni& +E eV E Shilt + P - £
ZI o (XES P S l*uzs P S ( (1‘*’}\)(1‘*’8) 1+>\‘*l 1_pe

The crucia step is evaluating the discounted sum of the consumption and leisure effects, which requires
finding the discounted sum of (A11) and (A14) using (A8) and (A9). It can be shown that (A8) and (A9)

pP,P P
and SKX=—— . Consequently,
1_pe ZS p S 1_pe w y

imply Y p°K, =

- - dt % - dt
EY. pe+E Y, pohil :POP( g e, Elth L L( PO, Euhx) :

1-p6 1-t, 1% * 1-p0 1-t
Inserting 1-¢ = (1-h)(1-0) and xP* = ¢, X,P and then rearranging the coefficients yields the second

equation required to calculate margina welfare costs:

_ dt X, dt S .
(A27) (ﬁ 1 )d—u - uvpy—w g P Ty L ) e yep
p (1017 u 1-t, 1-y 1-t, )\ o 2E,

where UY, U", andU*® are defined in the main text. Combining (A26) and (A27) yields (38) and (39).
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Figure 1. Transition Effects of Factor Taxes for Case 1*
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Also, the Total Effect of atax change equals a Representative Agent Effect plus a Distribution Effect for select S _ .




Figure 2: Wealth Equality and Welfare Effects of Factor Taxes for Case 1*
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