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ABSTRACT

This paper calculates optimal linear income taxes when differences in
income are caused by random factors ('luck') rather than by unobserved
individual abilities, as assumed in the classical theory of income taxation.
As first shown by Varian (1980), in the former case income taxation acts
as social insurance. By introducing life uncertainty and precautionary
behavior, we find higher optimal marginal tax rates than those found by

Varian. We also find that  in the context of a piecewise twobracket
linear tax schedule  the second marginal tax is always higher than the
first, and equals 100 percent. This last finding contrasts with results
recently obtained in the framework of classical income taxation theory,
which show a lower second marginal tax. For the parameters used in the
simulation, we find that a Rawlsian social planner chooses a higher first
marginal tax rate than a utilitarian planner would.
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SOCIAL INSURANCE AND THE OPTIMUM
PIECEWISE LINEAR INCOME TAX

1. Introduction

Following Mirrlees (1971), the main streamof the literature on optimum income taxation

ascribes differencesin income to unobserved differences in individual abilities. In his

seminal paper, Mirrlees showed that using plausible parameters for income distribution

in the economy and assuming a Benthamite social welfare function,1 the optimum income

tax is approximately linear, and the marginal tax rate is low (approximately 20 percent).2

These findings led a number of authors to check the sensitivity of the results to different

assumptions underlying in Mirrlees' analysis. Atkinson (1973) found higher optimal

marginal tax rates using alternative specifications of the social welfare utility function.

Stern (1976) showed that the optimum marginal tax rate is substantially increased when

making realistic assumptions about the elasticity of substitution between ,leisure and

consumption. Sheshinski (1989) found slightly higher marginal tax rates for a linear

system, while in the framework of a twobracket system marginal rates were similar to

those of Mirrlees.

More recently, Slemrod et al. (1994) found a wide range of optimal marginal tax

rates (for both linear and twobracket systems) as a function of the elasticity of

substitution, the degree of inequality aversion of the social planner, and the revenue

requirements of the system. A remarkable result of their paper is that assuming the same

' The Benthamite ('utilitarian') social welfare function is the sum of individual utilities.
Mirrlees (1971) shows results for the transformation W = e~u as well, where U represents
individual utility.

2 Tax rates are sensitive to the assumption on the required revenueof the government. In his
simulations Mirrlees assumed a low revenue requirement of up to 9 percent (i.e., his figures are
not far from a purely redistributive system(.
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income distribution as Mirrlees, their simulations show that in a twobracket system the

optimal second marginal tax rate is lower than the ifrst.3 Consequently, the usual

progressivity feature of rising marginal tax rates is replaced by a softer one, which

considers rising average tax rates.

An alternative way of checking the sensitivity of these results to the underlying

assumptions of the analysis is to compute optimal marginal rates according to alternative

theoires of income formation.4 One of the main candidates for this kind of examination

is Varia^s (1980) approach to the income formation process, which states that dif

ferences in income are mainly due to unobservable random factors, which may be called

'luck5. According to this view, the desirability of the income tax rests on its social

insurance characteristics; these are obtained, for example, by providing an equal

demogrant to all individuals, as in the case of the linear income tax. If we perform this

examination by looking at Vairan5s results on optimal linear marginal tax rates (1980, p.

3 A similar result appears in simulations by Kanbur and Tuomala (1994) for a nonlinear
income tax. Note that these results are not general. Sadka (1976) shows that it is optimal to set
a zero marginal tax rate for the individual with the highest ability. Since a reduction of the
marginal tax from a positive rate to nearly zero increases the economic activityof this individual,
his utility is clearly enhanced (otherwise he would have not chosen to work more) and we obtain
a Pareto improvement; moreover, an infinitesimal marginal tax rate would increase tax revenue,
allowing for further resources to be distributed among lowincome agents. However, it is not

clear whether marginal taxes should start to fall before reaching the top of the income
distribution. Diamond (1996) shows that in the absence of income effects, optimal marginal taxes
rise until the top of the distributionof abilities, and only at the top itself should it be reduced to
zero. ... .

" Tuomala (1984, 1990) provides an interesting extension by adding luck to the classical
model of abilities (his results for the linear case are shown in Appendix B). However, he leaves
open the questionof the sensitivity of optimal tax rates when income is formed by the interaction
of savings (investment) and luck.
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57, Table 1) we find that his simulations support low tax rates that are quantitatively

close to those found by Mirrlees. If we consider a coefficient of variation of 0.6 as

empiircally plausible, the optimum tax rate computed using Varian's model is 25

percent,5 i.e., not far from the 20 percent tax rate found by Mirrlees.6 This finding

raises the questionof the sensitivity of Varian's results to the underlying assumptions of

his own analysis, most notably two assumptions that seem to affect the results of his

simulations: (i) complete certainty about the length of life, and (ii) the use of a quadratic

utility function, which implies increasing absolute irskaversion. The latter assumption

has been seriously challenged by the modern theory of insurance, since it implies that an

individual's aversion to a fixed bet increases with income. Moreover, since marginal

utility is linear under a quadratic utility function, the consumer does not exhibit

precautionary behavior,7 an element that would clearly affect the desirability of income

taxation.

The paper is organized as follows: Section 2 introduces the setup for the optimum

linear income tax schedule. Sections 3 and 4 characterize the effects of life uncertainty

and precautionary behavior on computed optimal linear tax rates. Section 5 characteirzes

5 Varian's Table 1 shows the sensitivity of the results to different levels of the random
component of income. Calculating the coefficients of variation for each case (as a percentage of
the expected secondperiod income, x) we obtain that the empirically plausible range is between
n = 0.2 and n = 0.3 (where the coefficients of variation are 0.44 and 0.73, respectively).
Assuming that a coefficient of variation of 0.6 represents a benchmark for empirical purposes
(see, e.g., Barsky, Mankiw and Zeldes, 1986), we calculated the optimum tax using Varian's
methodology for n = 0.25, which corresponds to a coefficient of variationof 0.58.

6 Varian shows even lower marginal rates  of 4 percent  in the framework of the
continuous case (see Varian, 1980, Table 2, p. 65(.

ר Precautionary behavior has become a standard element of consumption analysis both on the
micro and macro level; see Hubbard, Skinner and Zeldes (1994).
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the optimum piecewise system using a twobracket schedule. Section 6 summairzes and

concludes the paper.

2.An; Optimum Linear Income Tax With Life Uncertainty

Each agent solves the following problem:

MAXX( u(Wj  x() + PjEutcCX; + e)] , (1)

whereu is a utility function (11' > 0, u" < 0), Wj is person /'s income in the active

period of life, p;(0<p< 1)is the probability of his survival to the second and last

period of life, E is the expectation operator, defined on uncertain secondpeirod income

Xi +6j . (where X; are the savings at the end of the first period and e{ is a non

observable random shock), and c represents consumption.

Since one of the main aims of this paper is to compare its results with those obtained

by Vairan (1980), we will assume that individuals are identical exante, i.e., that w; =

w, et = e and Pi = P for all i. A discussion of the general case (where w; is

different for each i) and the implications for the results and for the existence of a

market failure is presented in Appendix A.

If we could actually observe luck (e) occurring, the optimal policy of the government

exante would be a 100 percent tax rate on luck. But we cannot observe luck  we can

only observe actual secondperiod income, x + e. Note also that the definition of the

problem implies that Ec(x +e)= x, and since individuals are egoistic they consume

all the available income in the second period. Moreover, the consumption function c

is linear in the proposed model , since we consider only the case of a linear income tax.

The F.O.C. for an individual is:
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u')w x) = pEu']c(x + e)]c')x + e) , (2)

It is assumed that the government collects a linear income tax from all individuals, and

its revenues are distributed only to individuals who are alive in the second period:8

T = Ety = tx ; S = pD (3)

S= T

where T represents taxes collected, S is the benefit distributed to consumers, t is the

tax rate, y is the income subject to taxation (in our case, savings, x) and D is the

demogrant given to consumers. As shown in equation (3), the government budget must

be balanced, and therefore the demogrant equals tx/p. By substituting the government

budget equation in the individual maximization problem, the governments problem is

how to choose the optimum tax rate t such that:

MAX, u[w  x * (t)] + pEu C[x*(t) + e[ +
tx'(t( )4(

where x*(t) is the optimum amount of savings chosen by the individual [by using

equation (2)]. The F.O.C. for the government's problem is:9

8In a sense, there is an annuity component in government intervention, since the government
returns all the collected taxes back to the consumers, including taxes collected from individuals
who died in the first period. But the annuity component does not have the effect of annuities in

the usual sense, since it is used to increase the demogrant (i.e., it does not imply an increase in
the available rate of return of savings as in the usual case considered for annuities, which are a
function of the amount of savings, x). For the effect of annuities in the usual sense see Abel
(1986).

9 Note that under a linear onebracket income tax, c[x(t) +e]= (1  t)(x+ e) + D,
where D = tx(t)/p.
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v')t) = u')w  x)x'(t) +^ fx(t)+p(lt)eQt)x(t)(lp)1 r(lt)x')t)+x+e ♦ *^tl\ =0. (5)

After some manipulations we canrewrite equation (5) as follows:

Eu/[(lt)(x(t)+e)+tx(t)/p](lt)x/(t) _
pe+x')t)(lt)x')t)(lp)x(t)(lp)

(6)

Eu, rx(t)[1(Nt)(1p)] + (ioel .

Before interpreting the ifrstorder condition (6), note that equation (11) in Vairan

(1980, p. 55) is a particular case of this equation, for p = 1. The left hand side

represents the 'efifciency' effect (i.e., the effect on savings), while the righthand side

represents the 'insurance' effect (changes in the demogrant). Using the same procedure

as the one used by Varian, we interpret this F.O.C. by assuming a small decrease in the

tax rate, At. The numerator on the left hand side increases by Atx'(t)Eu'{(l  t)[x(t)

+e] + tx(t)/p}, an increase caused by the effect of the taxcut on savings, multiplied

by the marginal utility. But note that this increase in the numerator is reinforced by a

decrease in the denominator, of At(l  p)x'(t).10 At the limit, when p tends to 0

(i.e., the consumer is almost certain that he is not going to live in the second period), the

decrease in the denominator is maximal (i.e., the tax cut induces a high reaction of

savings owing to 'efifciency' factors).

On the right hand side, the insurance effect is caused by the fact that instead of

facing a risk of (1  t)e the consumer now faces an increased risk of [1 (t + At)]e.

This effect is not present in Varian's analysis, given the assumption of p = 1.
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The insurance effect is therefore:

Eu'}x(t)[l(1  t)(l  p)]/p +(1  1)6} eAt .

It is easy to verify that the derivative of the argument of marginal utility with respect

to p is negative:11 since marginal utility is a decreasing function of its argument, the

lower the probability of survival, the less important is this effect since the consumer does

not enjoy the insurance effect of the income tax. In the limit, when p tends to 0, the

argument of expected marginal utility tends to inifnity, and consequently marginal utility

tends to zero.12

Note that the strength of the insurance effect is a function of the third derivative of

the utility function. This is so, because the impact of the change At on the insurance

effect depends on the magnitude of the change in marginal utility (i.e, it depends on the

convexity of the marginal utility). As well known, convexity of the marginal utility

implies a positive third derivative of the utility function (as in the logarithmic utility

function, and unlike the quadratic utility function, where marginal utility is linear).13

In order to isolate the importance of life uncertainty and precautionary behavior we

proceed in the following two sections by comparing the results of calibrated simulations

withVarian 's benchmark: (i) we calculate optimal taxes for a quadratic utility function

(as in Varian) under life uncertainty, and (ii) we calculate optimal taxes with life

certainty (as in Varian) but with a logarithmic utility function.

■u This derivative is equal to t/p:.
■r^Thisis true'for■ u')a>) =;0,.(logarithmic utility function).

13 For a graphical explanation of this point see Strawczynski (1994, p. 490(.
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3. The Effect of Life Uncertainty on the Optimum Linear Marginal Tax

Assume a quadratic utility function:

u= £! +be , (7)
2

where c is consumption andb is a parameter to be calibrated in the simulation.

The F.O.C. is:

Pdt(

]b  (w  x)] +

b  f(lt)(x+n) + 1 + b  fdO(xn) + // = 0 ,

where n is the income shock which takes a positive value (+n) with probability 0.5 and

a negative value (n) with probability 0.5. After some manipulation the following

formulae for x(t) and x'(t) are obtained:

x(t) = b[p(lt)l]+w
1 + p(lt)  t(lp)/p '

(9)

x, _ (2b'w)p + b[2(lp)t(lp)2/p] + w(lp)/p
[1 + p(lt)  t(lp)/p]2

Using these results and the firstorder condition (5) (see Appendix C), the formula for

the optimal tax t is a function of the following parameters:

t = t(p, n, w, b) . (10)

As in Vairan, increases in n (risk) and w (income)14 and a decrease in b (which

u This result is speciifc to the quadratic utility function, which implies increasing absolute
risk aversion. Thus, the higher the wage, the more averse is the consumer to a given bet and con



P. 9

corresponds to the case of an increase in risk aversion) result in an increase of the

optimum tax rate. The new element is related to p; the higher p (i.e., the higher the

probability of survival), two opposite effects are at work: on the one hand, the greater

is the adverse effect of the tax, since marginal utility of savings is weighted by a higher

probabilityof survival; on the other hand, if he survives, the taxtransfer system provides

insurance. Since it is not clear which of these effects dominates, it is important to choose

parameters that are in line with existing evidence in order to assess the importance of

these effects by means of a calibrated simulation.

Table 1 shows the results of a simulation for different values of n, the income risk.

The range of n values was chosen so as to correspond to empirically accepted coef

ficients of vairation. The choice of p is related to the limits of economic decisions

concerning active and passive periods of life. Assuming that retirement age is 65 and that

life expectancy is75, 15 and using an . actuarial table to calculate the probability of

survival/6 we estimate that p = 0.8. For the purposeof comparison, we also present

the optimum tax computed using Vairant methodology, which corresponds to the case

p = 1. As in Varian, we assume that w = b = 1, implying that when t = 1, the

optimum amount of savings x, equals zero.

sequently he prefers a higher tax (demogrant).

15 This figure corresponds to the category with a high life expectancy, which is also the
relevant category for developed countries (The World Bank Atias, 1992).

16 For this purpose we used a table for 1980, which appeared in Hubbard, Skinner and Zeldes
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Table 1 . Quadratic Utility Function and Life Uncertainty

1P =0.8P =Coefficient ofX

variation

t*t*'D**/xt**D*/xt*P=lp = 0.8P=lp = 0.8n

0.070.070.320.26 0.190.210.260.480.390.1 ';
0.110.190.190.370.300.44 .0.530.450.380.2
0.090.220.220.390.310.500.590.440.370.22
0.070.250.250.400.320.580.670.430.370.25
0.060.280.280.420.340.660.750.420.370.275
0.040.310.310.440.350.730.830.410.360.3 ...

According to Table 1 , the optimum tax under life uncertainty is higher than the tax

under life certainty by a percentage that declines as the income risk increases. The reason

for this result is that under increasing absolute risk aversion the relative desirability of

income taxation rises as a function of the size of the risk. When n = 0.25 (which

implies coefficients of variations of 0.58 and 0.67 for p = 0.8 and p = 1, respectively)

is taken as the benchmark, we find that life uncertainty raises the optimum tax rate and

the share ofthe demogrant in savings by 7 and 15 percentage points, respectively.
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4. The Effect of Precautionary Behavior on the Optimum Linear Marginal Tax

Assume now that the utility functionis u = Inc. The ifrstorder condition in this case

is:17

J_ _ P(lt)
2wx

L_J L_],
|x + (lt)n x  (lt)nj )11(

Equation (12) shows the formula for x, which is obtained after solving asecondorder

equation:

w(lt)p + 7p2w2(lt)2+4[l + (lt)p](lt)2n2
A   )12(

2]1 + )1  t)p]

Note that when t = 1 (a 100 percent tax), the individual chooses not to save. Note, too,

that x rises as p rises,1* showing that the individual is willing to save for second

period consumption.

From (11) we can calculate x')t(:

x')t( =

wp + 2p2w2(lt)2  12p(lt)2n2  8(lt)n
v/(lt)2[p2w2  4n2  4p(lt)n2[ x

4]U(lt)]2

]1 + )lt)p]  2p[w(lt)p + v/p2w2(lt)2 + 4[l+(lt)p](lt)2n2] .

Finally we use private firstorder condition (6) to compute an equation for the

n For simplicity we explicitly neglect in this section the annuity effect of the demogrant (in
the simulations we will consider only the case p  1).

18 The derivative of x with respect to p is equal to (2w(lt) +[l + (lt)p] (^pwTv^lt)2]

/ [p2w2n2(lt)2 + 4(1 + (lt)p)(lt)2n2]0■5} / {411 + (lt)c]2{.
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optimum tax rate:

x(t)[l  p(l  t)]x'(t) = n2 (13)
1  t

In order to isolate the effect of assuming a function with decreasing absolute irsk

aversion (logarithmic) instead of increasing absolute risk aversion (quadratic), we

consider only the caseof p = 1. Comparing the results using these two functions1 allows

us to estimate the effect of precautionary behavior. The results of the simulation for

different levels of income irsk are shown in Table 2. Again, all simulations are

performed forw= 1.

Table 2. Logairthmic Utility Function and Life Certainty"

of variationCoefficientX

t*t**t** (quadr.(t* (log(quadr.logquadr.logn

0.070.040.21 0.030.200.480.500.1
0.030.190.220.440.430.45 .■0.470.2
0.070.220.290.500.490.440.450.22
0.200.250.45 ,0.580.650.430.390.25
0.210.260.470.590.670.430.380.252
0.240.260.500.600.700.430.360.255

* Nc'.e that with life certainty the optimal D/x is equal to the optimal tax.

The results show that the effect of insurance rapidly increases as the size of income

irsk irses. The optimal 'tax rate rises from 30 to 50 percent for a range of coefficients of
variation between .5 and .7. Note also that the difference between the optimal taxes in

the two cases increases as income risk increases, a result that may be attributed to the
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fact that with precautionary behavior, the importance of insurance increases as a function

of the income risk. Taking the caseof n = 0.25 as a benchmark (as in Section 3), we

find that the optimum tax rate for the logairthmic utility function is 20 percent higher

than the one obtained by Varian. It is important to note that a logarithmic utility function

implies a coefficient of relative irsk aversion of 1 . Higher coefficients of relative irsk

aversion19 clearly imply even higher optimal marginal tax rates.

5. An Optimum Piecewise Linear Schedule

In this section we design the simplest stylized setup for a twobracket linear schedule.

The main purpose of the analysis is to compare the results to those obtained in the

framework of classical income taxation theory, and especially to see whether optimal

taxes follow the usual pattern of rising marginal tax rates or a declining pattern as shown

by Slemrod et al.

Assume that the income formation process emerges in the following four possible

states of nature (each with probability 0.25(:

 e2Xyi =I(

 6.Xy2 =II(
+ *XX■y3:=III(,
+ e2 'X

■ y4 =IV(

where y represents secondperiod resources, x are firstpeirod savings and e, and

e2 are fixed random shocks (e2 > e,). Further assume that ifrstperiod income w is

equal for all individuals, and consequently the only difference in secondperiod resources

" Unofrtunately we were unable to handle the more general case of u = c'V(l0),0> 1,

which implies equations with an order higher than 2.
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is caused by 'luck'.20 For simplicity, we assume that although the social planner cannot

observe low occurrences of luck (e,), high occurrences of luck are observable (e2 
ej).21 Since by assumption there are two types of shocks, the income tax schedule in this

setup is clearly defined as follows:

 On the first d dollars,0<d< x + e,, the marginal tax rate is t,.

 On the next (e2  e,) dollars, the marginal tax rate is t2.

Recalling the law of large numbers, we sort the individuals in the economy into four

groups, according to the different idiosyncratic shocks. We further impose a restriction

on the social planner, according to which he must set a common demogrant for all

individuals, i.e., ET = S = 4D (where T are taxes collected, S are transfers, and

D is the equal demogrant). The following is the expression for the demogrant:

Dt,x + M!i_Il> . (14)

Using this expression we can write aftertax secondperiod resources y] for each state

of nature (i = 1, 2, 3, 4(:

M For simplicity we do not take into account the annuity effect on the demogrant (as in
Section 3).

2' The rationale of this assumption can be seen in a world where individuals have different
initial endowments exante (i.e., not equal as assumed here). In that case, if the difference
between the initial endowments (x) is similar to the effect of luck (e), it will be difficult for the
social planner to differentiate between the luck component and the endowment component. This
is not the case when we allow for extreme realizations of luck (e,): if the only way of becoming
a millionaire is to be lucky, then e,  e, should be high enough compared to differences in
initial endowments.
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2 ' >2ll +I) y,* = xe2 + e2i

II) y2* = xe, + e,t,

III) y3 = x+e,  tje, +

4

4

IV) y4 = x+e2 t,6, \^

The problem of a utilitarian government is to set optimal tax rates t* and t2 such

that the representative individual exante utility is maximized:

Eu(vi*) (15)
MAXvlj u(w x) + p  .

Note that x is equal for all individuals, since we assume that exante all individuals

have the same ifrstperiod income, w.

Proposition 1: In this setup, the second optimum marginal tax rate, t2, for a utilitairan

social planner is higher than t, and equal to 100 percent.

Proof: The individuaPs ifrstorder condition is:

u')wx(=px;^, , <16)

where 11' is the derivative with respect to x, and tax rates in equation (16) are adjusted
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to their optimum level. By contradiction, assume that the optimum t2 equalsk(0 <

k < 1). An increase in k implies that y4 goes down while y,, y2 and y3 increase.

Note that y4 > y3 for all t, and t2:

3(6,  6.) (e,e.)
y, = x +€,  e.t.  £, < y, =x+e.  t.e. + L L

e2>e, + t,(e2  e,) ■

Clearly, an increase in k is welfareimproving, and consequentlyk ^ 1 is not an

optimum, contradicting the initial hypothesis.

We now show that (, < t2 (=1). By contradiction, assume that for the optimum

x> 0, t, equals 1 . Since in the present casex is a function of t, , by using equation

(6) we show that the efficiency effect on savings is a function of t,. It follows

immediately that when t, = 1 optimal savings equal zero, which contradicts the initial

hypothesis of x > 0.

This result contrasts with the findings of Slemrod .et al. , since optimal marginal tax

rates irse with income. The intuition of the result runs as follows: if the only way to

become irch, as in the present framework (i.e., achieving y4), is to have good luck,

government intervention through a welldeifned twobracket system succeeds in trans

ferring resources from good states of nature to bad ones through the second marginal tax.

Efficiency effects are confined to the first marginal tax rate, which is the only relevant

marginal tax for saving decisions in the present context.

Table 3 shows the results of a simulation of optimal twobracket tax rates for

n = 0.25 and n = 0.3, assuming a quadratic utility function.22 Simulations are

K Clearly we would like to run a simulation with a function that exhibits precautionary
behavior. Unfortunately the solution for the logarithmic case implies a fourthorder equation for
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presented. for both life certainty (p = 1) and life uncertainty (p = 0.8).

Table 3. Optimum TwoBracket Income Tax

D*/x Average
" marginal

tax

CoefficientX

of
variationn"

P = l
0.250.580.430.25
0.310.730.410.3

p = 0.8
0.120.610.410.25
0.200.770.390.3

0.440.35
0.480.41

0.340.25
0.400.33

a For n=0.25 it was assumed thatn, = 0.1 5 and n,=0.35; forn = 0.3 :n, = 0.2 and 112=0.4.

. 1

Note that the figures for optimum sayings and the optimal tax t, are the same as

those shown in Section 3. The reason is related to optimum behavior with a quadratic

utility function: although the second marginal rate reduces the variance of secondperiod

aftertax income, provided no precautionary behavior exists,the. optimum, amount of

savings x remains unchanged.23 The share of the demogrant in savings,is higher than

in Section 3, because the existence of a second marginal tax allows for an improved

insurance mechanism.

Note that when the case of p = 0.8 and n = 0.25 is taken as a benchmark  as

in previous sections  the optimum average marginal tax rate is 34 percent; which is

x(t), which is analytically untractable.

a See, e.g., Abel (1988, p. 49(.
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quite high in view of the fact that precautionary behavior is absent. These findings

strengthen the ones obtained under the linear system, i.e., optimal marginal tax rates are

higher than 25 percent, as computed by Varian.

Proposition 2: For the parameters usedin the simulation, a Rawlsian social planner will

adopt a higher ifrst marginal tax than will a utilitarian social planner. As in the utilitarian

case, the second optimum tax rate will be 100 percent.

PROOF: A Rawlsian social planner will maximize the income of an individual with the

worst realization (e2):

maxV(? y.  *a,)  $ + M, + ^j1^ ■

This equation immediately shows that the optimum policy is to set t2 = 1. With respect

to t,, let us denote by x* and t* the optimal values in the utilitarian case. First note

that ifx* <(1  tj)e2, a Rawlsian planner will prefer the policy t, = 1 rather than

the utilitarian solution (ti ? t|), since in the former case y, is higher (note that for

t, = 1, in the optimal solutionx = 0, and the taxtransfer policy leads to equalization

of aftertax income).

After noting that for the parameters used in our simulationx* > (1  t,)e2, we ask

whether t| is an optimum for a Rawlsian planner. The answer to this question depends

on the reaction of x to changes in t,, compared to the change in the term (1  tj)e2

('bad luck'). Raising t,. lowers the effect of 'bad luck' because the most unlucky

individual is less exposed to the negative shock e2. At the same time, raising t!

discourages savings (the higher t,, the higher this effect). As shown in Table 4, which

is based on the same parameters as Table 3 (for n =. 0.25), the choice of the optimum
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t, for a Rawlsian planner depends on the parameters of the simulation? '

Table 4. The MaxMin Solution

Ay,A(lt,)e2Ot,)e2AxXt

0.0140.040.360.0260.4740.1
0.0100.040.320.0300.4440.2
0.0080.040.280.0320.4120.3
0.0030.040.240.0370.3750.4

0.0020.040.200.0420.3330.5

The last column of Table 4 shows the impact of raising the tax rate on the income of the

individual with the lowest income. The optimum tax is somewhere between 0.4 and 0.5,

compared with 0.25 in the utilitarian case.24

6. Summary and Conclusions

This paper considers the sensitivity of the optimal marginal linear income tax when

differences in income are caused by random factors rather than by unobserved abilities,

as in the classical theory of optimum income tax. We found that the optimum tax is

higher than 25 percent, which is the figure obtained by Varian in the linear tax frame

work. For the benchmark parameters used in the simulation, we found that both life

uncertainty and precautionary behavior substantially raise the optimum linear income tax.

The effect of precautionary behavior would probably have been greater had we used more

realistic assumptions about relative risk aversion.

24 Helpman and Sadlea (1978) have shown that in the context of the classical model of income
taxation, a Rawlsian planner chooses a higher linear optimal tax rate than a Benthamite planner.
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A remarkable ifnding, which contrasts with the one recently obtained by Slemrod et

al. in the context of the classical model of income taxation, is that for a utilitarian social

planner and a piecewise twobracket linear income schedule, the second marginal rate is

higher than the ifrst, and equal to 100 percent. This pattern is maintained when the social

planner is Rawlsian, whereas for the parameters used in the simulation we found a higher

ifrst marginal tax rate than the one obtained in the utilitarian case.
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APPENDIX A

A Model With Heterogeneous Agents

Assume that Wj is different for each i, so that individuals are different exante. The

agent solves the following problem:

MAXX| u(w;  Xj) + PiEu[c(xi+6i)] , (1)

where w, is the initial endowment (ability) and e( is the independently distributed

idiosyncratic random shock. Assuming a Benthamite social utility function, the

government's problem is to maximize:

MAXt£ u[Wj  Xi*(0] + EctXi'W+ 6;] + EA tXi)t( )4'(
i = l ~ n

Clearly, the solution depends on the distributionsof both abilities and luck. The existence

of a demogrant implies that redistribution is both from the lucky to the unlucky and from

highability to lowability individuals.

Concerning government intervention, note that this general model provides an example

of market failure. Assuming that abilities are not observable and that there is asymmetirc

information (i.e., individuals know which type they belong to, but the government or the

insurance companies do not), a pirvate insurance company will fail to provide insurance

based only on the 'luck' component, because redistirbution occurs as a consequence of

both luck and ability. Therefore, as a result of adverse selection, we may encounter a

situation in which highability individuals will prefer not to buy such insurance in order

to avoid redistribution to lowability individuals. This problem could be solved by making

universal participation compulsory, which is the case that calls for government

intervention.
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Optimal Linear Tax Rates

P. 22

Source tW Model

Mirrlees(1971),p. 202203 20

Stern(1976), p. 161 54

Atkinson(1973) Up to 50

Sheshinski(1989), p.201 2035

Slemrod eta/(1994),Table 1 12.576

Tuomala (1990), p. 145 26

Varian (1980) 25

Present paper Over 32

Classical (abilities)

Classical, elasticity of substitution

Classical, social planner

Classical

Classical

Classical, income uncertainty

Luck as a source of income

Luck, life uncertainty and precautionary

behavior
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APPENDIX C

Optimum Tax Formula Under Life Uncertainty

Equation (10) is obtained by using ifrstorder condition (5) and the formulae obtained for

x(t) and x'(t), as shown in (9):

[b(w  x)]x')t) =

p05 |b _ x(t)+P(1t)eat)x(t)(1p)j [qox^xco^^^[ +"

p05 r _ x(t)p(1t)e0t)X(t)(1P)1 fat)X^x(t)e+tx/^1 .

This equation serves as the basis for the simulation in Table 1 .
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