NBER WORKING PAPER SERIES

NOTES ON OPTIMAL WAGE TAXATION
ARD UNCERTAINTY

Jonathan Eaton

Harvey S. Rosen

Working Paper No. 388

NATIONAIL BUREAU OF ECONOMIC RESEARCH
1050 Maesachusetts Avenue
Cambridge MA 02138

August 1979

We are grateful to Alan Blinder, Peter Diamond, Yoram
Welgss, and a referee for useful suggestions. The research
reported here is part of the NBER's research program in
Business Taxation and Finance. Any opinions expressed are
those of the authors and not those of the National Bureau
of Economic Research.




“NBER‘Working Paper 388
o August 1979

Notes on Optimal Wage Taxation and Uncertainty

ABSTRACT

Most contributions to optimal tax theory have assumed that all
prices, including that of lefsure, are known with certainty, The purpose
of this paper is to analyze optimal taxation when workers have imperfect
information about their wages at the time they choose their labor supplies.
Both efficiency and redistributive aspects of the problem are considered.

The paper begins with a discussion of the positive theory of wage
taxation and labor supply under uncertainty. Thie is followed by a
discussion of optimal taxation when individuals are identical, but their
wages are stochastic. Finally, the case of simultaneous uncertainty and
inequality is discussed. In this part of the paper it is assumed that the

government's objective is to maximize a utilitarian social welfare function.

Jonathan Eaton

Barvey 5. Rosen
Department of Economics
Princeton University
Princeton, N& 08540

609/452-4200




I. ZIntroduction

The literature of optimal taxation has proﬁided useful principles for_
guiding thought about both efficient commodity taxation and optimal redis-
tributive taxation.lr However, most contributions to.optimal tax theory hawve
assumed that all pfices, including that of leisure, are known with certainty
at the time that resources are allocated. Although there have been a
few discussions of fhe impact of ﬁncertainty on optimal taxation ﬁnamnnd,
et al., 1978; Mayshar, 1977], for the most part uncertainty appears to have
héd little influence upon optimal tax research. The purpose of thié paper is
to analyze optimal taxation when workers have imperfect information about
their wages at the time they choose their labor supplies. The results are
contfasted with those of the certainty case.

Ianart IT we set the stage for the normative analysis by outlining the
positive theory of wage taxation and labor supply under uncertainty. In
Pgrt III we discuss efficient taxation in the presence of uncertainty.
ﬁedistributive aspects of the problem are ignored by assuming that individuals
are homogeneous. Attention is centered on the oldest and most fundamental
result from optimal tax fheory, that lump sum taxation is efficient. We show
that when uncertainty is taken into account, this is no longer necessarily true.
ﬁecause a4 wage tax reduces the riskiness of wage income, some combination of
a lump sum tax and a wage tak generally will minimize excess burden.

Part IV analyzes the problem of redistributive income taxation when the
go#ernment's'objectiée is to maximize a utilitarian social welfare function.
A series of numerical computations indicates how optimal tax rates can change
in the presénce of_uncertaipty. A concludihg section provides a summary and

some suggestions for future research.




We-assumelthroughout this paper that the market fails to provide insur-
ance against the wvagaries of wage rétes. We feel that this is typically the
case. Problems bfAmoral hazérd associated with insurance in general are es-
pecially pervasive in the insurance of the returns to human capital.3 The
- private insuref, ﬁnable to distinguish clearly between external events and
the endogenous beha#ior of the insured party, would provide an incentive for
an insured worker to worklless hard, spend less time seeking a higher-paying
job, or otherwise eérn an incoﬁe bélow potential. In such a situation the

market is unlikely to provide insurance.

II. The Effects of Wage Taxation Under Uncertainty

Analyses of the effects of wage taxation on labor supply typically as-
sume that workers know the real.return on their labor effort when they‘
allocate their time between labor and le:i.sure.4 As Block and Heineke'[1973]
point out, for many situations this assumption is unrealistic. Farmers who
are deciding how much to work at planting time, for instance, do not know
the effect that weather or vermin will have on their crop before harvest, or
what market conditions will prevail when they sell their crop. More general-
ly, workers who contract to work at fixed money wages do not know the effect
that changes in consumer prices will have on their realrwages during the con-
tract period. In this section we show that wage uncertainty can affect the
response of labor supply to taxes, in some cases pdtentially reversing the
sign of results that cbtain under certainty.

Utility maximization under certainty implies the following familiar
telationships between taxes and labor supply: (i) Non-compensated increases

in proportional wage taxation have an ambiguous effect on labor supply. This
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is due to the usual conflict between income and substitution effects. (ii)
Increased taxation of exogenous Eggflabo; income raises labor supply as loﬁg
as leisure ié non-inferior. (iii) Income-compensated increases in proportion-
al wége taxes unambiguously reﬁude labor supply.

We show in this section that under wage uncertainty propositions (i)
and (ii) continue to obtain under fairly general conditions. However, the
important result (iii) on the sign of the compensated wage response is no
longér necessarily tfue.' An expected-income compensated increase in wage taxa-
tion may induce a‘rise in labor supply. Before proving these results, we first
cdnsider the effect of wage uncertainty per se on labor supply. The analysis
provides a result necessary for understanding the impact of taxes on labor

supply, as well as being interesting in and of itself.

- A. Wage Uncertainty and Labor SugElxs

We assume that consumer tastes may be represented by the smooth, twice-
differentiable utility function u(c,L) increasing in cdnsumption; c , de-
creasing in hours worked, L , and exhibiting deereasing marginal utility
of éonsumption. The wo¥ker's opportunity set ié characterized by a random

gross wage W which is taxed at rate t and by non-labor income in amount

w . Thus
(2.1) c= (l-t)wL + w .

The worker is assumed to choose L to maximize E[u(c,L)] where expectations
are based on a subjective probability density function of w , £(w} . .

The first-order condition for a maximum is that
(2.2) E[ule +u,l =0

where 0 = 1-t , vy = dufec and u, = /3L . Following the criterion of
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Rothschild and Stiglitz [1971], increased wage uncertainty in the sense of
an arithmetic mean preserving spread in w raises or lowers the maximizing

value of L , dencted L* , as ulew +u is convex or concave in w , or

2

as

2
* * *x1 2
{2.3) (Q7L*) ;Zull + ulllewL + u2llL ] z0.

Diminishing margiﬁal utility of consumption iﬁplies that the first term is

ﬁegative while diminishing or constant abéolute risk aversion with respect

to consumption implies that the second term is positive [see Leland, 1969].

Thus the overall effect of an increase in uncertainty is in general ambiguous.
If we assume constant relative risk aversion and additive separability

of u , however, then

(2.4) U gy = Uy (R+1) /c

where R E-ullc/ul . the degree of relative risk aversion with respect to
consumption. In this case (2.3} becomes

2 OwL*
{2.5) - ullO L* [c_(l+R} - 2]

which is more likely to be positive: (1) the larger the degree of relative
risk aversion R and (2} the larger the contribution of total labor income
to consumption expenditure. These results are important in the analysis of

the impact of wage taxation on labor supply, to which we now turn.

B: Wage Taxation and Labor Supply

To determine the effect of an increase in t , the proporticnal tax

rate on wage income, on labor supply we differentiate (2.2) with respect to

t to obtain




-5 =

(2.6) ¥ - e 4 Genk
. = -E[{u] + u  6wL* +u

-1
3t lL*)w]A

2

wheré
= | (Ow)2+2 -‘Gw+ J.>0
=TRl8yy o1 Y22 .

The inequality‘is satisfied if the second order conditions obtain. As-
suming, again, that the utility function is additively séparable, {2.6) beccmes
. * - 1 .
(2.7) - Bl(aw Q-R2EG )87

As in the certainty case, no unambiguous statement can be made about the
direction of the effect of increased wage taxatiqn on labor supply. However,
an increase in wage taxation is more likely to increase labor supply when |
risk aversion and the contribution of labor income to consumption expenditure
are large.

The effect on labor supply of an increase in ® , non-labor income, is

found by differentiation of (2.2):

dL _ -1
(2.8) an - E(ullgw + HZI?A .
If the utility function is additively separable u.. = 0 and the negativity

21
of expression (2.8) is implied by diminishing marginal utility of consumption.
Again, as ip the certainty case an increase in non~labor income lowers labor
supply.
We turn now to an analysis of compensated changes in the net wage. An
increasg in t which is accompanied by an increase in non-labor income of
wL* , where w -denotes the expected wage, does not affect expectéd consump-

<] . ; . .
tion. Such a change constitutes an expected-income compensated increase in

wage taxation, denoted n , where

(2.9) N = g% + WLk %& i
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Incorporating (2.6) and (2.8) into (2.9) gives

(2.10) 0 = Ef-uw-(u Ghu, JwLs w-w) AT -

1

The first term in expression (2.10}, “uyw o, is unambiguously negative
. while, under certainty, w = ;', and the second term is zero. In the absence
of wage uncertainty, an income-compensated increase in wage taxation reduces

labor supply.
In general, however, (w-w) is not zero and it is therefore non-trivial

to sign the second term of (2.10). To do so,7 we begin by defining
= - *
(2.11) I'w) = (u118+u21)wL
so that (2.10) can be re-written
-1 — =1
(2.12) n=- E[uIW]ﬂ - E[T (w} (w-w) IA

Now observe that

w w
(2.13a) [ T'{w) (w=w) E(w)dw 2 T (w) J (w-w) £ (w) dw
and
(2.13D) f T () (w—w) £ (w)dw % T'(w) J (w-w) £ (w)dw
w w

as T'(w) % 0 . Adding the inequalities (2.13a) and (2.13b) we observe that
the right-hand side is zerc. The term E[l(w) (w-w)] is thus positive or

negative as [’ (w) Z 0 . But differentiation of (2.11) yields

{2.14) I'{w) = - [ulle + U,y + (u1119+u211)9wL*]L*

Under conditions of additive separability of utility and constant relative risk




aversion, (2.145 becomnes
(2.15) T’ (w) = - Ou | [1- (L+R)OWL*/c]

which can be positive. The possibility of gz positive response of labor supply
to an income-compensated increase in wage taxation is therefore a real one.

To illustrate this pbssibility consider a situation in which the wage equals
two or zero with equal Probability. If the utility function is additively
separable and if relative-risk aversion is constant then expression (2.10) may

be written

El-u, (1-R2E* )]
4 20L*+w

It

(2.186) n

which if w =0 and R > 2, for instance, is positive.

Iﬁtuitively, a positive response of labor Supply to an income-compensated
increase in wage taxation can arise because wage taxation reduces not only the
expected wage but its variability as well. If the second effect tends to raise
the supply of labor, then the direction of the overall response can be opposite
to the one usually expected. Note that expression (2.15) can be positive only
when (2.5) is negative: an income-compensated increase in wage taxation can

raise labor supply only when increased wage uncertainty reduces labor supply.

ITT. Efficient Taxation and Uncertainty

By definition, a lump sum tax is independent of ;n individual's
behavior. Such a tax does not break the equality between the marginal
rate of substitution in consumption and the marginal rate aof trahsformation in
production, and hence génerates no excess burden. 1In this section we show that

in the presence of uncertainty, lump sum taxation is not efficient.




To develop an intuition for this result, consider an individual
whose wage is uncertain. 1In the face of uncertainty, the individual's
welfare will increase if he can cobtain insurance. But a proportional
earnings tax in effect acts as insurance -- it lowers risk because the govern-
ment shares in both losses and gains. Indeed, if labor supply were complete-
ly exogenous, the individual would desire a 100% earnings tax, with the ex-
pected value of earnings returned as a lump sum.8

This extreme result is a consequence of the unrealistic assumption that
the individual's gross earned income stream is exogenous. We now discuss the
efficient taxation of an individual with an uncertain wage stream who faces a
labor-leisure tradeoff. Throughout the analysis we assume that the govern-
ment ﬁhooses a tax schedule which satisfies an expected revenue requirement
and which maximizes expected taxpayer utility. We also assume that the para-
meters of the tax system must be set ex ante, in ignorance of the true wage
outcome for each individual.For this reason expected taxpayer utility consti-

tutes the appropriate social objective function.

We again assume that the pretax wage w is a random variable with
probakility density function f(ﬁ) . The distribution is identical and inde-
pendent for each worker and each worker knows the function. f . As in section
IL the utility of the typical worker may be represented by a smooth, concave
function wu{c,L) . The worker pays a propeortional wage tax at rate t and

receives from the government a (positive or negative) lump-sum transfer, T .

Thus,
{3.6) c=0wL +w+T,

where, again, w denotes non-labor income and € =1 - t .

The government seeks to extract an average amount of revenue G £from




each worker at minimum social cost, where
(3.7) G=tE(WL) - T .

The optimal tax problem is to choose t and T which satisfy (3.7) and
 maximize the worker's expected utility.

The worker chooses L to maximize
{3.8) I u(@wL + w + T, L) fi{w)dw

given O, T and f(w) . Let L* denote the value of I which maximizes
{3.8). The government, then, must find t and T which satisfy the budget

constraint
(3.9) T = twL* - G .

fhe first term on the right-hand side of (3.9) is expected wage tax revenue.
We assume that the number of workers is sufficiently large to insure that
average labor income per worker is WLt .

Substituting (3.9} and L* into (3.8) and differentiating with respect

to t gives, as a first-order condition for a maximum,

(3.10) E{u, -+ [Own - L¥w + twn + L*w] + u,n} = o0

1

where 7 1is the effect on L* of an expected-income compensated increase in
wage taxation, as defined in (2.9). Recall, howeve:, the first-order condi-

tion for individual utility maximization,
(3.1;) E[u,6w + u,} = 0.
Substituting (3.11) into (3.10) yields the optimum condition

(3.12) E{uI[L*(GLw) + twnl} =o0 .
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Under certainty, w = w and (3.12) is satisfied at + = 0.
This is the well-known result that, under certainty, lump-sum taxation
is optimal.

Under uncertainty,however, when(3.12) is evaluated at t = 0 , we

~ have
(3.13)  L*Blu; (w-w)] = L*[E(u))E(w-w) + cov (u ,w-w)] .

The first term in square brackets on the right-hand. side of (3.13} is

zerco. The second term, since dul/dw =q lL* < 0, is positive. Expected

1
utility at the point t = 0 is strictly increasing in t . Whenever the

wage rate is uncertain and the marginal utility of income is diminishing,
a welfare improvement is obtained by raising the wage tax rate above zero.

in contrast with the case in which labor supply is exogenous, however,
the optimal wage tax rate is not 100%. To show this, consider first values
ﬁf t equal to or greater than unity. For such values net wage income is
non-positive and optimal labor supply is zero. At L* = 0 expression
{3.12) reduces to

(3.14) tw Elun ] .

L* =0

Let t denote the lowest marginal tax rate at which L* = 0 . For t > t
expression (3.14) is zero while, to the immediate left of t it is negative.
(The negativity of 11 at L* =0 followg immediately from equation (2.10).)
Thus welfare is nonincreasing in t over the range (€, ®») and must strictly
decrease for increases in t which occur to the immediate left of & .

There exists, therefore, a tax rate t < t which yields higher weifare than
t =1 -- 100% wage taxation is inefficient. Since welfare is increasing

in t at t = 0 and decreasing in t at or below t = £ .there exists a

locally efficient wage tax rate t* between zero and 100%.
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*
Since L =0 for t > 1, an increase in t cannot increase welfare

in this range. However, casual examination of the first-order condition
‘(3.12) does not rule out the possibilityrthat t <0, i.e., that a wage
subsidy may be optimal. As shown in Section II, n > 0 is possible. For

tl< 0, then, expression (3.12) may become negative. Nevertheless, a wage
subsidy is never optimal. To prove this consider a worker's expected utility
whgn the tax rate is t<0. Let L*(G) be the associated labor supply.

Expected utility is then
~ * A F oA % A
(3.15) E{ulw(l-t)L (t) + w + twL (t),L (t)1}

N %* .
Now,if he were to continue toc work L (t) hours when the tax rate was

zero his expected utility would be
* A LIPS
(3.16) E{ulwL (%) + w,L (t)]

In each case consumption consists of a deterministic component, tGL*(ﬁ) +w,
and a random component, w(l-t)L*(%). For any given value of &, expected
consumption is the same in both (3.15) and (3.16), but the weight of the random
component rises as t falls. Thus,a fall in t constitutes a mean preserving
spread in the distribution of consumption. As Rothschild and Stiglitz [1970]
" show, for all individuals with vy < 0, a mean preserving spread in consump-
tion reduces expected utility. Thus (3.66) exceeds (3.15). Facing a zero

wage tax and non-labor income of w, however, a worker will not choose to
work L*(E). Denoting the optimai labor supply whén t=0 as L*(O), ex-

pected utility given t = 0 is
* *
(3.17) E{ulwL (0) + w,L (0)1}

* .
which, since L (0) is an optimum for & = 0, must exceed expression (3.16).

By transitivity (3.17) thus exceeds (3.15); a zeroc wage tax must always dominate




- 12 -

a wage subsidy. We conclude that under wage uncertainty, when labor supply

is endogenous, the optimal wage tax lies strictly between zerc and 100%.

IV. Optimal Redistributive Wage Taxation

So far we havé analyzed an economy in which individuals are identical,
When people differ according to their abilities and in their endowments of
non—human-wealth, both ﬁtilitarian and Rawlsian principles of social justice
suggest that society impose taxes to redistribute income. To the extent that
tlaxes impoée distortions, optimal redistribution does not reguire equal post-
tax incomes for all. Redistribution continues only as long as the incremental
gains from more eguality exceed the incremental excess burdens. Analyses of
optimal income taxation under certainty indicate that, when labor supply is
endogenous, the optimal degree of progressivity of the inéome tax may indeed
be quite low.10 In view of our finding that, under uncertainty, a positive
wage tax is optimal even when all workers are identical ex ante, one might
suppose that, when individuals differ in terms of their expected productivities,
uncertainty in wages raises the optimal progressivity of the income tax.

Unfortunately, general conditions under which this conjecture is true are
difficult to obtain. Just as in the literature on optimal income taxation in
éertainty models, it appears necessary to make fairly specific assumptions in
order to obtain many interesting results. In this section we develop a model _
in which two classes of individuals with random wages must allocate their time
between labor and leisure and the decisions are made EEVEEEE'll Some numerical
results suggest that the.presence of uncertainty may have a substantial impact
on optimal marginal tax rates. Overall, the analysis implies that because
previous studies ignored uncertainty, they may have generated incorrect esti-
mates of optimal tax rates.

In our model, workers must determine their labor supplies on the basis of
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the subjective probability distributions of their wages. Inequality represents

differences in wage distributions which workers go know at the time they make

their labor supply decisions. In an economy with eguality and uncertainty
all workers choose their labor supplies with the same expectétions gbout their
realized earnings."Converself, in an economy with ineguality and no un-
certainty, workers know exactly what their wages are at the time they choose
their labor effort. This is the case typically analyzed in the optimal in-
come tax literature. The same distribution of wages may be observed in both
situations, but the allocation of labor effort and optimal tax policy may dif-
fer substantially in the two situations. 1In the presence of pure wage uncer-
tainty, for instance, if workers' tastes are homogeneous then we should
obser?e the same effort on the part of all workers. This is not the case in
the presence of inequality.

| To derive the optimal linear wage tax in the presence-of both inequal-
ity and wage uncertainty we first consider the individual's optimization

problem. An individual in class i has a random wage w-  with p.d.f.

i, 1 i .
f (w). He chooses L~  to maximize
(4.1) Elu@wL” + T +w , LY)]

Let Ll* denote the value of Ll that maximizes (4.1). Expected social

welfare is then given by
. i i i Py oo
(4.2} JEu[(Gw L*+T+w, L*lg(i)di
where g(i) gives the relative number of members of class i .
Revenue from the wage tax Ty is

T, = [(I-G)E(wi)Ll*g(i]di
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which, under our assumption that risks are independent, is non-random. The

optimal tax problem is then to choose © to maximize (4.2) and satisfy
T -T-6G6G > 0
y —

where G denotes government revenue requirements.

A number of interegting questions arise in this context: Does introduc-
ing uncertainty in ﬁages increase fhe optimal progressivity of the income tax?
’To what extent do revenue requirements affect this result? Given the ex post
wége distribution, is the optimal progressivity of the tax necessarily
greater when uncertainty, rather than inequality, is generating the observed
wage distribution? As is the case with optimal taxation problems under certain-
ty, a fruitful approcach toward answering these questions is to consider speci-
fic numerical examples.

Wé consider an economy consisting of two classes, one and two, each with
different wage distributions. Members of each class have constant elasticity

of substitution utility functions
ot = Zla(eh) Mea- a-nh T

where Y determines the degree of risk aversion (R =1 - ¥) + U determines
£he elasticity of substitution between consumption and leisure (o = 1/{1 +u)),
and o determines in part the distribution of full income between consump-
tion and leisure. |

‘We compute the linear income tax which maximizes E(ul) + E(uz) under
several alternative assumptions about wage distributions and parameter values. 2
For all the calculations, we set U = 1.45 ¢ @ value that Stern [1976] has
shown is implied by a number of econometric studies of labor supply. The

share parameter o was set at 0,33.
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Four sets of simulations were done, which we now discuss in, turn:

1. Effects of Changing Risk Aversion

The purpose of these simulations is to determine how unceftainty and
risk aQersion change optimal tax rates. We assume at the outset that members
" of class one receive a wage of 0.5 or 1.5 each with probability 1/2 while
members of class two receive a wage of 1.0 or 3.0, again each with probability
1/2. In order to chusAon the effects of uncertainty per se, it is assumed
that both revenue requirements and non-wage income are zZero. We then compute
optimal tax rates conditional on various values of Yy . The results are shown
in the first row of Table 1. The rates increase as Yy decreases. Thus,
as individuals become more risk averse, they value more highly the insurance
aspects of wage taxation, and higher tax rates become appropriate.

It is of some interest to determine how optimal tax rates change if
the wage is known with certainty. We therefore compute optimal tax rates
when each individual receives his mean wage with probability of one. These
results are exhibited in the second row of Table 1. 1In every case, uncertainty
leads to higher tax rates than those associated with certainty.l3 The

differences are most pronounced when the degree of risk aversion is low.

2. Effects of Changing Revenue Requirements

We now investigate the impact of different revenue requirements upon
optimal tax rates. We set 7Y =-1.5, a figure consistent with recent empirical’
evidence, [Sée Friend and Blume, 1975, p. 919.] HNegative values of G , of
course, are algebraically equivalent to positive unea;ned income.

The results for both the certainty and uncertainty cases are shown in
Table II. For both cases, positive revenue requirements raise optimal tax

rates. This result parallels one found by Feldstein [1973] -in the context of

a certainty model.
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3. Effects of Inequality versus Uncertainty
If there were neitﬁer inequality nor uncertainty, optimal tax rates
would be =zero. Eifher inequality or uncertainty is sufficient to generate
positive tax rates, but how important is each effect? To answer this
- question, we first assume that our two individuals are identical, but
that they both_face.an uncertain wage? 0.5 with a probability of 1/2 and
1.5 with a probability of 1/2 . The associated optimal tax rates for G = 0
and Qarious values af Y are shown in the first row of Table III.
These rates are then contrasted with those which emerge when individuals
one and two have wages of 0.5 and 1.5, respectively, with certainty. These

(See the second row of Table III.) For most cases, the certainty-

inequality case yields higher marginal tax rates, although the differ-
ence diminishes as Y increases, and the relationship is actually turned
around when vy = 0.5.

An alternative interpretation of the results of Table III is useful. The
first row shows the optimal tax rates when labor supply decisioﬂs are made
EE.EBEE' and the second when they are made ex post. The table suggests that
even if indifiduals must make their decisions before the wage is known, it
does not necessarily increase the progressivity of the optimal linear earningsAtax.
The outcome dependsrupon the degree of risk aversion, and for a wide range of

values uncertainty leads to less progressivity.

4, Effects of Alternative Loci of Uncertainty

Casual cbservation suggests that not all individuals face equal amounts
of uncertainty. We therefore study how coptimal tax rates depend upon who is
bearing the risk. To begin, we first compute the optimal tax rate when there
is equality (in the sense that both individuals have the same expected wage},

but only one person faces uncertainty. More specifically, assume that
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individual one faces a wage of 0.5 or 1.5, each with probability 1/2; and
individuai two faces a wage of 1.0 with certainty. (For this set of
simulations, ¥y =-1.5 and G = 0 .} The optimal tax rate is 0.44. This is
a striking result when it is recalled that if both individuals face certainty,
the optimal tax rate is zero, while if both individuals face uncertainty it
is 0.52 (from the Sécond columﬂ_of Table ITI). When one-half the population
faces uncertainty, the optimal rate is much closer to the one which prevails
~if all face uncertainty'than if none facesuncertainty.

We now examine a situation in which only one individual faces uncertainty
and there is alsc inequality. Consider first a case in which individual
one faces a wage of 0.5 or 1.5, each with probability of 1/2, and individual
two faces a wage of 2.0 with ceftainty, Then imagine giving individual one

a wage of 1.0 with certainty, but individual two facing a wage of 1.0 or 3.0,

each with probability of 1/2. The results are recorded in Table IV. When
fhe "poor” individual's income is uncertain, a more progressive tax structure
emerges than when the'rich'man is the risk-bearer. This is true even
though the ratic of the variance of the wage to its mean is the same for both
uncertainty cases.

Comparison of these results with those of the third column of Table I
is also quite useful. When either individual faces uncertainty, the optimal
£ax rate is considerably above the certainty rate, and when the poor person's
income is the_source of the uncertainty, the result is strikingly close to
the value of 0.55, which occurs when Eggg_individuals face uncertainty. We
are lead to conjecture that even if a relatively small fraction of the popu-
lation experiences wage uncertainty, there may be a significant impact on
optimal £ax rates.

As stressed above, since these results are based on a simple and un-

realistic model, we do not claim that they reflect actual 6ptimal marginal




tax rates for ény real economy. The analysis does show, however, the complex
ways in which uncertainty and inequality interact in the optimal taxation

problem.'

V. Conclusion

Our goal has been to re-examine the theory of optimal taxation in a
framewu;k which explicitly recégnizes uncertainty. An important result ié
that lump sum taxation is not necessarily efficient. This is a consequence
of the fact that a tax on wages serves partially to insure the individual
against random wage movements. Although related results have been shown in
the literature on insurance and uncertainty, up to now such considerations
have generally been ignored in the optimal tax literature. Consider, for
example, Bradford's [1978] summary of Atkinson and Stiglitz's discussion of

the subject:

Admitting [lump sum] taxes into the usual second best optimality

problem leads to the expected conclusion: Because of the effic-

iency advantages lump sum taxes will be used to the fullest ex-

tent possible . . . As Atkinson and Stiglitz point out, it is

the distributional function, inherently deriving from differences

in individuals, that leads us to consider taxes on transactions

as additional instruments [p. 42]. ‘
The results of this paper suggest that even in a world of identical individuals,
efficient taxation does not require sole reliance on lump sum taxes.

Is the widespread reliance upon taxes on transactions due in part to
efficiency considerations? At this time, not enough information is available
even to venture a guess. Indeed, the analysis of section IV indicates that

severe difficulties may be involved in attempts to disentangle uncertainty and

distributional considerations.
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In this paper we have focused on the distinction between wage dif-
ferences which are known at the time labor supply is determined and those
which do not arise until after the work decision is made. Our perspective
has been a utilitarian one in that we have viewed all wage differences in
terms of their impact on individuals' expected utility. It is not obvicous,
however, that society does in fact view income differences arising from dif-
ferent sources equivalently. Even egalitarians may view those income differ-
entials systematically related to race and sex as worse than those arising
from purely random occurrences. Defining an appropriate social objective

function in a world with uncertainty is worth further investigation.

Princeton University
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~ Footnotes

1: Sandmo [1976] discusses many of the important optimal taxation re-

sults; a less technical presentation is provided by Bradford and Rosen [1976].

2: The effects of proportional income taxation on portfolio allocation
have been discussed by Stiglitz [1969] and on savings and investment behavior
under uncertainty by Eaton [1978]. Block and Heineke [1973] discuss labor

supply under wage uhcertainty, but there is no taxation in their model.

3: Arrow [1970] discusses problems of moral hazard as they arise in

insufance markets.
4: See, for example, Kosters [1969].

5: Results related to those of this sub-section are derived by Block
and Heineke [1973, pp. 381-383]. However, we provide an expression for the
impact of wﬁge uncertainty on labor supply which is explicitly in terms of the
risk aversion parameter. Block and Heineke also do not consider the expected-
income compensated response in labor supply to increased wage taxation, as we

do below.

6: That the appropriate compensation is wL* is easily shown. Since
: . = . . — dy — dw
expected income Y is given by (l-t)}wL* + w , then at - - wL* + el The

condition for expected income to be constant, i.e., d??dt = 0 , is satisfied

by dw/dt = wL* .

7: The technigue used here is similar to that developed by Levhari and

Weiss [1974].

B: This result parallels that of Mayshar [1977], who considers the

effects of uncertainty on optimal subsidization.
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9: As Mirrlees [1974] points out, in the Arrow-Debreu framework, the
individuals beliefs as well as his tastes are taken as data. We adopt this

point of view, although we recognize that it is a controversial one.
10: See Stern [1976] for a review of thess results.

' 11: For the case in which the labor supply decision occurs ex post,
wage uncertainty and wage inequality are formally identical: increased wage

uncertainty is equivalent to increased wage inequality.

12: The computations were performed using GQOPT , a numerical optimiza-
tion package. See Goldfeld and Quandt [1971] for details. Optimal marginal
tax rates were found on the basis of a grid search between zero and one in

intervals of 0.01.

13: The tax rates vary with Y even with certainty because Yy affects
the maryginal social benefit of redistribution. Indeed, it is impossible to
disentangle the role of Y as a risk aversion parameter from its role as a

distributional weight.
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~Table I

Risk Aversion and Optimal Tax Rates .

= -2.5 = ~-1.5 = =0.5 = 0.5
| Y | Y (G=0)Y Y :
?uncertainty 0.57 0.55 0.52 0.47
'certainty 0.41 0.37 0.31 0.23
Table IT
Revenue Requirements and Qptimal Tax Rates
G = -0.2 G = =0.1 G= 0.1 G = 0.2
{y= -1.5)
uncertainty 0.47 0.51 0.59 0.63
certainty 0.30 0.33 0.41 0.46
Table IIT
Uncertainty, Inequality, and Optimal Tax Rates
Y = =2.5 Yy = -1.5 Y = =0.5 Y = 0.5
uncertainty- (G=0)
equality 0.54 0.52 0.49 0.44
dertainty—
inequality 0.60 0.57 0.52 0.42
Table IV
Locus of Inequality and Optimal Tax Rates
Uncertainty for Uncertainty for
"POOI" "RiCh"
(y = -1.5, G = 0)
0.52 0.46




