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Abstract

Incomplete information is a commitment device for time-consistency problems. In the
context of time-consistent optimal labor income taxation privacy can lead to a Pareto
superior outcome and increases the effectiveness of public education as a second best
policy.  2001 Elsevier Science B.V. All rights reserved.
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1. Introduction

Technological constraints and monitoring costs, but also constitutions and laws
in modern democracies, limit government’s scope for information collection. It is
sometimes argued that such provisions for guaranteeing privacy are necessary to
protect individuals from a government that is, or may turn into, a Leviathan. This
paper argues that limits to the government’s access to information can be Pareto
improving, making all individuals better off, even if the government is fully
benevolent and strictly maximizes welfare in an economy with identical in-
dividuals if governmental policy suffers from time-consistency problems.
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The analysis of time-consistent policy more generally, by Kydland and Prescott
(1977), and time-consistent taxation by Kydland and Prescott (1980) has stimu-
lated considerable research on capital income taxation. Boadway et al. (1996)
draw attention to the fact that time consistency may be an even more important

1problem regarding optimal income tax policy and human capital investment. If the
government chooses taxes when all private decisions are made, the government
may find it optimal to tax and radically redistribute earnings. Full equalization of

2marginal utilities of income would be the time-consistent optimal tax policy.
Young individuals anticipate that time-consistent optimal taxation will consist of a
radical income redistribution policy regarding their future income. This dramati-
cally reduces their incentives to invest in education and other forms of human

3capital that increase an individual’s earnings’ potential. Boadway et al. (1996)
compare a tax policy that is optimal ex ante (before individuals decide about their
human capital investment) and ex post optimal income taxation (when actual
incomes are given and observed). In their framework, the time-consistent outcome
is necessarily an equilibrium in which all ability types choose the same (typically
zero) education investment and all have the same final income. Mandatory
education could eliminate the underinvestment problem in their framework,
provided that individuals can be forced to adopt education.

As in most time-consistency problems the quintessential question is about
commitment. The government may well be aware of the incentive problems.
However, time-consistent optimization of taxes and redistribution takes place
when human capital investment already has occurred and when these choices are
given. A government may want to commit to a less radical redistributive policy, in
order to stimulate more investment. Boadway and Keen (1998) show that the
possibility of tax evasion and commitment on a lax enforcement policy can
partially overcome the time-consistency problem. Kehoe (1989) highlights tax
competition as a possibly beneficial countervailing incentive if a benevolent
government faces a time-consistency problem in taxation. Kotlikoff et al. (1988)
consider institutions that are costly to change. Persson and Tabellini (1994)

1 ´A less extreme time-consistency problem in optimal income taxation has been considered by Dillen
and Lundholm (1996). They consider optimal income taxation in a dynamic framework. If the
government can reoptimize optimal tax policy in each period, using information about individual
productivities revealed in previous periods, this yields a less severe, but technically even more involved
time-consistency problem known as the ‘ratchet problem.’

2See, for example, Atkinson (1973) for discussion. The uncertainty about future income and
productivity creates an insurance demand and this is the standard justification for redistributive optimal
income taxation. Varian (1980) and Sinn (1995) have made this argument very clear.

3Empirically, a strong link between educational investment and the individual returns of this
investment is well established. For an overview on the US see Mincer (1994). For Sweden see Edin
and Topel (1997, pp. 173n.). Also, the empirically based general equilibrium model by Trostel (1993)
suggests that income taxation strongly affects individual educational choice.
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suggest delegating the optimal tax decision to a person or group that has incentives
different from those of the welfarist government. But can these mechanisms lead
to credible commitment to tax rates that apply 20 or 30 years later?

This paper proposes a different commitment mechanism: incomplete infor-
mation. The argument applies to other commitment problems as well, but is
developed here in the context of optimal income taxation and human capital
investment using a variant of the model by Boadway et al. (1996): individuals first
choose their education investment and the government chooses its tax policy for
given education effort. However, a further degree of freedom is taken into
consideration. Once the government has chosen its tax policy, individuals can still
choose their actual work effort that determines individuals’ actual earnings. The
endogenous work effort choice offers an important insight. It shows that
incomplete information is a commitment device that can overcome problems in
time-consistent taxation and can yield a Pareto improvement. For full information
the zero education result in Boadway et al. is reproduced. Incomplete information,
however, leaves some information rent to high productivity individuals. This rent
generates incentives for investment in education. Equilibrium education becomes
strictly positive and the hold-up problem that is generated by time-consistent

4optimal taxation is partially alleviated.
Also, with endogenous work effort, public provision of education as a second-

best tool works better with incomplete information. With complete information and
endogenous work effort, individuals are not willing to adopt education, even if it is
provided for free (or mandatory). With incomplete information, subsidized or
freely provided education can be an effective second best policy.

2. The model

5Consider a two-period model with a continuum [0,1] of individuals who are all
identical in Period 1. All individuals live for two periods. In Period 1 they make an
investment in education. The size of the investment of individual i is e .i

In Period 2 individuals choose the amounts of their gross earnings m .i
Depending on the amount chosen, generating these earnings brings a disutility of
effort. This disutility is assumed to be a strictly positive and thrice differentiable

4A related argument has been used by Kjerstad and Vagstad (1999) in an auction context. They show
that too few bidders may enter an auction if entry has fixed cost and if the auctioning mechanism leaves
too little expected agency rents to the bidders.

5It is straightforward to extend this model and its equilibrium results to an overlapping generations
model with an infinite horizon. However, with an infinite horizon, a second, different type of
equilibrium may also be supported in which the time-consistency problem can be overcome, using
reasoning similar to Salant (1991) who considers sustainability of pay-as-you-go systems.
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function c(m ) with derivatives c9(m ) . 0, c0(m ) . 0, and c-(m ) $ 0. Thei i i i
6marginal disutility is positive, increasing in earnings, and convex . At the

beginning of Period 2 ‘nature’ decides about each individual’s productivity. There
are two possible productivity types, characterized by disutility functions c (m) andH

c (m). We assume that c (m) . c (m) . 0 for all m $ 0. Hence, individuals learnL L H

whether they are ‘H’-types (having high productivity) or ‘L’-types (having low
productivity), productivity meaning that a more productive individual is able to
generate the same amount of income with less disutility. For instance, a more
productive individual needs fewer hours to generate this income. For simplicity we
parametrize the productivity difference as a horizontal shift of the marginal

9 9disutility curve; that is, c (m) 5 c (m 1 D) for all levels of income, and for someL H
7strictly positive given D.

Individual i’s probability of becoming highly productive is p(e ). The in-i

dividual’s investment e in Period 1 increases the probability that the individuali

becomes more productive. If no educational investment is made, the individual
will have low productivity with probability one in Period 2. The probability p(e )i

is assumed to be a monotonically increasing function in educational investment.
More specifically, I assume that p(0) 5 0, lim p9(e ) 5 `, p9(e ) . 0, p0(e ) ,e →0 i i ii80, and lim p(e ) , 1.e →` ii

The individuals learn about the effect of their education investment at the
beginning of Period 2 and make their earnings decisions after observing their
productivity type. We denote gross earnings and net income of an individual with
high-productivity by m and x , and gross earnings and net income of individualsH H

with low-productivity by m and x , respectively.L L

The individual likes consumption in Period 2, denoted as x , dislikes disutility ofi

generating earnings, and also dislikes educational investment. Individual i’s payoff
from choices (e ,m ,m ) is:i H L

U 5 2 e 1 p(e )[u(x ) 2 c (m )] 1 (1 2 p(e ))[u(x ) 2 c (m )] (1)i i i H H H i L L L

This is an expected utility with c the disutility of effort function, and u the utility
of income which is assumed to be increasing in income and strictly concave. The
gross earnings m and net income x can differ by an income tax or subsidy thati i

will be introduced later.
I refer to (2e ) in (1) as to i’s first-period utility, and to the latter terms in (1) asi

6Convexity of the marginal effort function is assumed in order to rule out the desirability of a
randomizing mechanism which has been discussed, for example in Stiglitz (1982).

7This parametrization is mainly for simplicity. The results in this paper hold more generally. A more
general sufficient condition is that c (m ) . c (m ) whenever m and m are chosen such thatH H L L H L

9 9c (m ) 5 c (m ).H H L L
8The two-type assumption is for simplicity only and has been made in the optimal tax literature, for

example by Stern (1982), Stiglitz (1982) and, in a related context, by Boadway and Marchand (1995).
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to i’s second-period expected utility. It is not specified exactly what constitutes
educational investment. One possible interpretation is that this investment is
mental effort or forgone leisure in Period 1, which explains why these resources

9may enter additively separably in the payoff function.

3. The laissez-faire outcome

Before considering time-consistent optimal income taxes we analyse the laissez-
faire equilibrium outcome. If there is no government to impose restrictions on
earnings choices and to implement redistributive taxation, each individual maxi-
mizes (1) subject to x 5 m and x 5 m .H H L L

The first-order conditions which implicitly determine the optimal values
(e*,m*,m*) are:H L

9u9(m*) 5 c (m*) (2)H H H

9u9(m*) 5 c (m*) (3)L L L

and

p9(e*)h[u(m*) 2 c (m*)] 2 [u(m*) 2 c (m*)]j 5 1 (4)H H H L L L

These conditions have the natural interpretations that earnings effort is optimally
chosen so that marginal utility of income and marginal disutility of generating
income are equal for each type of productivity, and that the marginal benefit of
investment in education equals the marginal investment cost. The marginal benefit
from an increase in e is the increase in probability to become the highlyi

productive type times the difference between utilities of persons with high and low
productivities.

Note that the high effectiveness of the first marginal units of education
investment implies that e* . 0 in this equilibrium.

4. Taxation and time consistency

Consider now income taxation by a benevolent government. I do not solve the
ex ante optimal (time inconsistent) tax problem here. The benevolent government

iwould choose a tax schedule T 5 T(m ) to maximize the expected utility U as ini i

(1) with:

x 5 m 2 T (5)i i i

9The additive separability of payoff is made only for simplicity.
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subject to the government’s budget constraint and subject to the individually
rational choices of income and investment in education, m and e . The solution ofi i

this problem is not time consistent, because the government would like to
implement a different tax policy in Period 2 (i.e. 20 years later) when the
education decisions are made. Boadway et al. (1996) compare the outcome in this
ex ante optimal tax policy and in the case with time-consistent taxation.

This paper analyses a different comparison: it considers only time-consistent
optimal tax policy and compares the cases with complete and incomplete
information in the next two sections, showing that welfare with time-consistent
optimal taxation is higher if the government is incompletely informed.

Summarizing, the time structure of games in these sections will be as follows. In
Stage 1, individuals i [ [0,1] choose their educational efforts e . In Stage 2, naturei

decides whether an individual is more or less productive, in the sense of having
effort functions c or c , with p(e ) individual i’s probability for becoming highlyH L i

productive. Individuals learn their own productivity at this stage. This concludes
Period 1. In Stage 3 government implements the Mirrlees (1971) optimal tax
policy for a given distribution of productivities. This tax policy is an income tax
(or subsidy) as a function of observed gross income, and possibly, as a function of
productivity, if the government can observe individual productivity. In Stage 4
each individual chooses his or her actual gross income and pays taxes or receives
subsidies accordingly.

5. Complete information

In this section we first solve the time-consistent optimal tax problem at Stage 3
for the case with complete information: the individuals and the government
observe the individuals’ productivities. Then we determine the individuals’
incentives to invest in education in Stage 1 for this case.

Suppose individuals have chosen their investment e in Period 1, for eachi

i [ [0,1]. If the government can observe individual productivities it can implement
a standard income tax function that allows for controlling both each individual’s
earnings m and their income net of taxes x as in (5), subject to a budgeti i

constraint, by making the tax a function of productivity. The government
maximizes individuals’ Period-2 expected utility:

1

W 5E p(e )[u(x ) 2 c (m )] 1 (1 2 p(e ))[u(x ) 2 c (m )] di (6)f gi H H H i L L L

0

subject to a budget constraint:
1

E p(e )T 1 (1 2 p(e ))T di 5 0 (7)f gi H i L

0
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All individuals with productivity k[hL,*j choose m and pay taxes, T in thek k

equilibrium. The constraint (7) requires that the total sum of tax revenue is zero.
Solving this problem yields first-order conditions:

9 9c (m ) 5 u9(m 2 T ) 5 u9(m 2 T ) 5 c (m ) (8)H H H H L L L L

Together with (7), these conditions determine the optimal choices of earnings and
redistributive taxes. In the optimum (8) all marginal utilities of consumption must
be equal between all individuals. Otherwise a further redistribution could be
designed that yields even higher welfare. Also, earnings are chosen efficiently: the
marginal disutility of generating earnings equals the marginal utility of consuming
net income.

If the government can observe each individual’s productivity, it can implement
this outcome simply by defining an appropriate tax function T(m,k) with k[h*,+j,
for which the tax (or subsidy) depends on observed gross income and productivity.
One straightforward way to implement this outcome is as follows. Suppose the
optimal tax and subsidy for individuals with high and low productivities are T **H

and T **, respectively. Then the government may choose income invariant butL

productivity dependent (poll) taxes T(m,H ) ; T ** and T(m,L) ; T **. Given theseH L

taxes the individuals voluntarily choose the gross incomes that are efficient given
their productivities.

Consider the utilities of individuals in the optimum. All have the same utility
from consumption, since they have the same net income. However, the more
productive individuals have a higher disutility of generating higher gross income.
The difference in disutilities is:

m 2mH L

9c (m ) 2 c (m ) 5 E c (m) dm . 0H H L L H

0

10An individual is strictly better-off from not being highly productive.
Consider now Stage 1: Individuals’ incentive to invest in education in Period 1.

Since there is a continuum of individuals, each individual anticipates T ** andH

T ** for the two productivity types as independent of his or her own investmentL

choice. Each individual will therefore choose e* 5 0. Educational investment isi

extremely effective at the margin at e* 5 0, but an individual has no incentive toi

invest. Even the first unit of investment reduces the individual’s expected utility.
The investment is itself a cost and lowers the individual’s utility. In addition, it
increases the individual’s probability of becoming highly productive in Period 2,
and, as has just been shown, individuals are better-off in Period 2 if their
productivity is low.

10This result is in line with Mirrlees (1974) who has shown that the first best is likely to require
utility to decrease with skill in the first best allocation.
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Lemma 1. If the government can observe the productivity of each individual, the
unique time-consistent optimal income tax equilibrium has e** 5 0 for all i [i

[0,1], T ** 5 0, and m** 5 m*, with m* determined by (3). All individuals have+ + + +

low productivity and utility equal to U ** 5 u(m*) 2 c (m*). This utility level is+ + +

strictly lower than the expected utility in the laissez-faire equilibrium.

The zero-investment result in Lemma 1 reproduces the time-consistent equilib-
rium outcome in Boadway et al. (1996). Most properties in Lemma 1 follow
immediately from e** 5 0. In particular, e** 5 0 implies that all individuals havei i

low productivity in Period 2 and hence, are identical. No scope for welfare-
improving redistributive taxation emerges in Period 1. The utility level of each
individual is strictly lower than the expected utility in the laissez-faire because
e 5 0 was feasible in the laissez-faire case, and e 5 0 leads to precisely the samei i

allocation in the laissez-faire and with optimal income taxation. It was shown in
Section 2, however, that a laissez-faire with strictly positive educational effort
yields strictly a higher expected utility.

6. Incomplete information

Suppose now the government cannot observe each individual’s true productivi-
ty. Educational investment choices are made in Period 1. They are given in Period
2. Also, the government correctly anticipates the share of individuals with high

¯productivity. Let p be this share. The government cannot implement the massive
redistribution program that equalizes marginal utilities of all individuals as in the
case with a fully informed government in the previous section. Instead the
welfarist government faces a standard optimal income tax problem. It must choose
a pair of admissible combinations of gross earnings and taxes, m ,T ands dL L

m ,T , that maximize (6) subject to (7) and subject to the self-selections dH H

constraints:

u(m 2 T ) 2 c (m ) $ u(m 2 T ) 2 c (m ) (9)H H H H L L H L

and

u(m 2 T ) 2 c (m ) $ u(m 2 T ) 2 c (m ) (10)L L L L H H L H

for the two productivity types. Constraint (9) requires that an individual with high
productivity prefers to generate (high) income m and pay (high) taxes T ,H H

compared to a choice of (low) income m and a tax /subsidy equal to T , that is,L L

an individual with high productivity prefers m ,T to m ,T , and choosess d s dH H L L

m ,T if it has to make a choice between the two. Inequality (10) is ans dH H

analogous constraint for individuals with low productivity. This is essentially the
two-type version of the standard Mirrlees (1971) framework, as in Stern (1982)
and Stiglitz (1982). I rule out randomization strategies by the government, due to
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the assumptions about the marginal effort function. We discuss below how this
program can be implemented by an income tax schedule with T 5 T(m ).i i

The self-selection constraint for the highly productive type, (9) will be binding
here, whereas (10) is not. The Lagrangian representing the maximization problem

¯ ¯using T 5 2 (pT ) /(1 2 p ) is:L H

p̄TH
]]+ 5 W 1 l u(m 2 T ) 2 c (m ) 2 u m 1 1 c (m ) (11)F S D GH H H H L H L¯1 2 p

The first-order conditions are:

≠+
]] ¯ 95 0 ⇔ (p 1 l)[u9(x ) 2 c (m )] 5 0 (12)H H H≠mH

≠+
]] ¯ 9 95 0 ⇔ (1 2 p )[u9(x ) 2 c (m )] 2 l[u9(x ) 2 c (m )] 5 0 (13)L L L L H L≠mL

¯≠+ p
]] ¯ ¯ ]]5 0 ⇔ 2 pu9(x ) 1 pu9(x ) 1 l[2u9(x ) 2 u9(x )] 5 0 (14)H L H L¯≠T 1 2 pH

ˆ ˆ ˆˆ ˆ ˆ ˆDenote the optimal program as (m ,T ),(m ,T ) and, accordingly, x 5 m 2 T ,H H L L H H H
ˆˆ ˆ ¯and x 5 m 2 T . These optimal values are functions of the anticipated share p ofL L L

high-productivity types which is affected by educational investment. Investment
will be considered later.

Condition (12) is the no-distortion-at-the-top result. Conditions (13) and (14)
characterize the standard solution of the welfarist government’s problem of trading
off the benefits of equalization of marginal utilities of consumption (that is, its
redistributional goals) and the efficiency losses which result from making this

11redistribution compatible with the self-selection constraints.
An important result is that the high-productivity type has a strictly higher

Period-2 utility than the low-productivity type in the time-consistent optimal tax
program. This distinguishes the equilibrium outcome with incomplete information
from the complete information case. The result is due to the binding self-selection
constraint (9) that is used to calculate the difference in Period-2 utilities as:

ˆ ˆ ˆ ˆ ˆ ˆ[u(x ) 2 c (m )] 2 [u(x ) 2 c (m )] 5 c (m ) 2 c (m ) . 0 (15)H H H L L L L L H L
(9) binding

11 ˆ ˆIn particular, (14) reveals that, in the optimal program, u9(x ) . u9(x ). This inequality and (10)L H

9ˆ ˆ ˆ ˆimply m , m . This, together with (12) shows that [u9(x ) 2 c (m )] . 0 in (13). Moreover, (13)L H L H L

¯can be fulfilled for positive (1 2 p ) and for positive l only if the two terms in brackets have the same
9ˆ ˆsign. Hence, u9(x ) . c (m ). Unlike the full information case in (8), when information is incompleteL L L

the high-productivity type is left with higher net income than the low-productivity type. Net incomes
are not fully equalized. Further, the earnings decision of the low-productivity type is distorted. Its
earnings-generating effort is too low.
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ˆ ˆˆ ˆNote that the government can implement (m ,T ) and (m ,T ) by a standardH H L L

type of tax policy in which the tax payment is a function of the observed gross
income. For instance, for a tax function with:

ˆ ˆT if m # mL LT(m) ; (16)H ˆ ˆT if m . mH L

ˆthe individuals with low-productivity strictly prefer m 5 m to any other amountL

of gross income, and individuals with high productivity are just indifferent
ˆ ˆbetween choosing gross income m or m , and strictly prefer these amounts ofL H

gross income with the implied disutilities and taxes / subsidies to any other possible
ˆ ˆchoice of gross income. Given their indifference between m or m , as isL H

standardly assumed in principal-agent theory, we adopt the tie-breaking rule that
ˆthey choose m .H

Consider now Stage 1: the investment in education. Individuals and the
government anticipate that the share of individuals that have high productivity in
Period 2 is:

1

p̄ 5E p(e ) di (17)i

0

This share is determined by all individuals’ education choices made in Period 1. In
Period 1 individuals will make their educational choices in the expectation that the

ˆ ˆˆ ˆgovernment will implement the optimal program with (m ,T ) and (m ,T ), basedH H L L

¯on the anticipated aggregate share p of high-productivity types. Given that there
are more than countably many individuals, they perceive correctly that their own
choice determines their own probability p(e ) of becoming a high-productivityi

type, but also understand that their own choice has no measurable impact on the
¯aggregate p, and, hence, on the optimal program to be chosen by the government

12in Period 2.
An individual’s utility is higher by the amount determined in (15) if he or she

has high productivity. Hence, the individual’s Period-1 objective function becomes
equivalent to:

ˆ ¯ ˆ ¯p(e )[c (m (p )) 2 c (m (p ))] 2 e (18)i L L H L i

and the first-order condition becomes:

12Implicitly, this assumes that the government can also not observe the individual education effort. If
the government could observe e , the government would make use of this information to calculate p(e ),i i

individual i’s probability of becoming productive. The government then makes optimal individual
¯contract offers (m ,T ) and (m ,T ) based on p(e ) instead of p. Equilibrium education effort and exL L i H H i i

ante welfare are lower in this case, but still some investment in education occurs in the equilibrium,
since highly productive individuals still earn an information rent.
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ˆ ¯ ˆ ¯p9(e )[c (m (p )) 2 c (m (p ))] 5 1 (19)i L L H L

The term in brackets is the Period-2 utility difference between highly productive
types and types with low productivity. It does not depend on i’s educational

¯choice, as ≠p /≠e 5 0 by (17). By the assumed concavity properties of p(e )i i

¯condition (19) has a unique solution for each possible p, and the equilibrium
ˆeducational investment e by all individuals is found where (19) is fulfilled for:

¯p(e ) 5 pi

ˆInequality (15) together with lim p9(e ) 5 `, imply that e . 0 in this equilib-e →0 ii

ˆrium. Comparing e . 0 with the outcome with perfect information in Section 4
reveals a central result of this analysis: Incomplete information reduces the
underinvestment problem that occurred in the time-consistent optimal tax equilib-

ˆrium with full information. However, investment e in the equilibrium with
incomplete information is still smaller than in the laissez-faire equilibrium. (See
Appendix A for a proof.)

These properties are summarized as:

Lemma 2. If the government cannot observe individual productivity all in-
dividuals choose the same amount of investment in education in the equilibrium

ˆwith time-consistent optimal taxation. This amount, e, is smaller than the laissez-
faire amount, strictly positive and larger than education with time-consistent

ˆoptimal taxation with complete information: 0 5 e** , e , e*.

7. Comparing welfare

Three equilibria are compared: the laissez-faire equilibrium (e*,m*,m*) as inH L

Section 3, the time-consistent optimal tax equilibrium where the government can
observe individual productivity, with e** 5 0, m** 5 m* and p** 5 p(0) 5 0, asi L L

in Section 5, and the time-consistent optimal tax equilibrium, where productivity
ˆ ˆˆ ˆ ˆtypes are unobservable, which was characterized by values (e,m ,m ,T ,T ) asL H L H

described in Section 6.
It was already shown in Section 5 that the laissez-faire equilibrium is Pareto

superior to the time-consistent optimal tax equilibrium with complete information.
The laissez-faire equilibrium and the time-consistent optimal tax equilibrium

with incomplete information cannot be Pareto ranked in general. Due to redistribu-
tion in the time-consistent optimal tax equilibrium, Period-2 utility is higher in the
laissez-faire equilibrium than in the optimal tax equilibrium for individuals with
high productivity, and lower for individuals with low productivity. Also, expected
utilities (1) in the laissez-faire equilibrium can be higher or lower than in the
time-consistent optimal tax equilibrium, depending on whether the benefits of
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redistributional taxation dominate the disincentive effects of redistribution for
educational investment. Examples for both cases can be constructed.

The time-consistent optimal tax equilibria with and without observability of
individual productivity can be ranked as follows.

Proposition 1. Suppose the government chooses time-consistent optimal income
taxation in Period 2. (i) The equilibrium with incomplete information has a higher
expected utility (1) for each individual than the equilibrium with complete
information. (ii) The equilibrium with incomplete information has a (weakly)
higher Period-2 utility for each individual than the equilibrium with complete
information.

Proof. The expected utility of the time-consistent optimal income tax equilibrium
with complete information, as in Section 5, is identical to a Period-2 equilibrium if
all individuals had chosen education e 5 0 in the laissez faire. Expected utility ini

the laissez-faire is a monotonically increasing function in e for e [ [0,e*). Further,
ˆfor any given e [ (0,1), optimal redistributive income taxation with incomplete

information increases the Period-2 expected utility above the laissez-faire utility
ˆlevel that would be reached for this choice e. Hence, result (i) in Theorem 1 is

ˆimplied by e** 5 0 , e , e*, and this inequality was established in Lemma 2.
Consider result (ii). Recall that the equilibrium with observability of types is

characterized by e** 5 0, p** 5 0, x** 5 m** 5 x* 5 m* for all individuals i.i i i L L

All individuals end up with low productivity and with the Period-2 utility that low
productivity individuals would have in the laissez faire. It has to be shown that
Period 2 utilities of the two types are:

ˆ ˆu(x ) 2 c (m ) $ u(m*) 2 c (m*) (20)L L L L L L

and

ˆ ˆu(x ) 2 c (m ) $ u(m*) 2 c (m*) (21)H H H L L L

ˆ ˆ ˆIf the optimal tax T 5 0, (20) is fulfilled because x 5 m 5 x* 5 m* in thisH L L L L

ˆ ˆ ˆ ˆ9case, and (21) holds because x 5 m . x* 5 m* and u9(x ) 5 c (m ). If,H H L L H H H
ˆ ˆ ˆ9instead, T . 0, by u9(x ) 5 c (m ) this implies that the optimal tax reducesH H H H

ˆhighly productive individuals’ utility compared to u(m*) 2 c (m*) for T . 0.H H H H

Since the tax policy maximizes Period-2 expected utility and there are only two
types of productivity, the fact that highly productive individuals lose compared to
the laissez-faire implies that individuals with low productivity must be better off

ˆthan for T 5 0. Therefore, (20) holds. (21) follows now from (20) becauseH

ˆ ˆ ˆ ˆ ˆ ˆu(x ) 2 c (m ) $u(x ) 2 c (m ) . u(x ) 2 c (m ) $ u(m*) 2 c (m*). hH H H L H L L L L L L L
(9) (20)
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8. Education policy

Suppose the government can use some resources in Period 1 to subsidize
education investment. As individual education investment is assumed to be
unobservable, the government cannot pay for actual education effort directly, but it
can subsidize goods that are used when individuals invest in education. For
instance, the government could provide free access to schools or universities, or
subsidize education literature. Even if the government cannot observe if in-
dividuals actually learn or read the books, this reduces the individuals’ cost of a
given amount of education investment e . For simplicity I assume that a monetaryi

subsidy of ge reduces the individual’s cost of education effort e to (1 2 g )e .i i i

That is, I abstract from the possible deadweight loss that is incurred by the fact
that actual education effort is unobservable and hence, can be subsidized only
indirectly.

The timing in this section is as follows. At the beginning of Period 1 the
government decides on the subsidy rate g [ [0,1] that applies to education in that
period. This completes Stage 0. The rest of the game proceeds as in Sections 5 and
6: The individuals choose their education investments e , nature decides about eachi

individual’s productivity type, the government implements the time-consistent
optimal taxation in Period 2, and the individuals choose their earnings, pay their
taxes, and the government redistributes the tax revenues. If the government can
observe individual productivity, education subsidies or even free education are
completely ineffective.

Proposition 2. With complete information in Period 2, for any education subsidy
rate g [ [0,1] the equilibrium with time-consistent optimal taxation has e** 5 0.

For a proof recall that, with complete information, highly productive in-
dividuals’ Period-2 utility is strictly lower than low-productivity types’ Period-2
utility in the time-consistent optimal tax equilibrium. Hence, even if the govern-
ment provides education for free, individuals have no incentive in Period 1 to
acquire education, because any education investment increases their probability to
become highly productive, and hence, to end up with lower Period-2 utility.
Accordingly, complete information causes massive underinvestment, and the
underinvestment problem cannot be alleviated, even if the government provides

13costless education. The result highlights that the mandatory element of education
provision in Boadway et al. (1996) is essential for achieving a welfare improve-
ment. Education would not be adopted by individuals voluntarily, even if it is
freely provided.

13The result relies on the fact that individuals are in a corner solution. The outcome is less extreme
if, for instance, the first units of education yield sufficiently high private consumption benefits such that
individuals choose some positive amount of education even in the full information case.
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Education subsidies can be more useful in the incomplete information case. The
intuition of this result can be obtained from the marginal condition that determines
individual education investment. If education effort is subsidized, the marginal
condition determining individual education investment e is:i

(1 2 g ) 5 p9(e )[c (m ) 2 c (m )] (22)i L L H L

Individuals invest because their investment increases the probability to become
highly productive, and hence, their probability to earn the information rent
[c (m ) 2 c (m )], where this information rent is determined by the time-L L H L

consistent optimal redistributive taxation in Period 2. If the information rent
[c (m ) 2 c (m )] were independent of the equilibrium level of education and ofL L H L

the problem of financing the subsidy, the subsidy would unambigously increase
equilibrium education, and, since we start in an equilibrium with underinvestment
for g 5 0, a small subsidy would increase welfare.

This result is reminiscent of results on subsidies on self-protection goods in
moral hazard equilibria in private insurance markets that have been discussed, for
example in Arnott and Stiglitz (1986, 1994). It is important to notice, however,
that the case for subsidies is less clear here than in the standard moral hazard
problem. An increase in the equilibrium investment e also increases p, the
equilibrium share of individuals with high productivity. This, in turn, will induce
the government in Period 2 to choose a pair of gross earnings and taxes (m ,T )H H

and (m ,T ) that provides a smaller information rent for the highly productiveL L

type, reducing their incentive to invest. Accordingly, the total effect of education
subsidies in the incomplete information case depends on the shape of p(e), c andL

c .H

9. Conclusions

The standard view in welfare theory is that a strictly benevolent government’s
lack of information causes welfare losses. Examples are the efficiency cost of
redistributive taxation, or the cost of preference revealing mechanisms. Privacy
and the government’s limited abilities to collect and process information are
therefore seen as a cost.

This paper has shown that the government’s limited ability to collect in-
formation can be beneficial, even if the government is strictly benevolent and
maximizes the same objective function that all individuals unanimously agree to.
The reason for this is a policy failure due to a time-consistency problem in optimal
income taxation. The welfare losses that are caused by this failure are reduced if
the government is not fully informed about the earnings abilities of the citizens.

The results in this paper are consistent with a number of empirical observations
and have strong policy implications. It is in line with the results in this paper that
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the constitutions in many countries limit the government’s scope for information
collection. Ex ante, such constraints are desirable, and can be interpreted as an
attempt to commit future income tax policy. Also consistent with this theory, in
many countries, an erosion of these constitutional limits can be observed. A most
recent example is Germany’s constitutional reform that allows almost any private
communication to be bugged and secretly taped, if the police suspect that these
persons are engaged in organized crime activities. Similar to the time-consistency
problem with respect to the tax policy itself, any policy that limits the govern-
ment’s access to information is not time consistent. Once the educational
investment has been made, full information and the radical redistribution it enables
is preferable to incomplete information.

Technical progress and the implied improvement of information technology may
increase the welfare losses that result from time-consistent optimal income
taxation. The time-consistent optimal income tax is more strongly redistributive
and, hence, educational effort is more strongly discouraged the better the
government’s access to information. Asymmetric information also improves the
government’s options for using public education as a second best policy.
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Appendix A

ˆHere we confirm e , e*. By strict concavity of p(e ), by (4), (15) and (19) it isi

sufficient to show that:

ˆ ˆ ˆ[u(m*) 2 c (m*)] 2 [u(m*) 2 c (m*)] . [u(x ) 2 c (m )] 2 [u(x )f gH H H L L L H H H L

ˆ2 c (m )] (A.1)L L

ˆ ˆConditions (2) and (12) together with T . 0 imply that m . m* 5 x* . x . ThisH H H H H

shows that:

ˆ ˆ[u(m*) 2 c (m*)] . [u(x ) 2 c (m )] (A.2)H H H H H H

ˆ ˆIt remains to show that [u(x*) 2 c (m*)] # [u(x ) 2 c (m )]. This propertyL L L L L L

follows from ex post optimality of the optimal tax program. Note that the
government can achieve Period-2 utility of low-productivity types in Period 2

ˆequal to u(x*) 2 c (m*) by a choice of zero taxes. If [u(x*) 2 c (m*)] . [u(x ) 2L L L L L L L

ˆc (m )], then by (A.2) both productivity types have lower Period-2 utility with theL L

Period-2 optimal tax program than if the government decides in Period 2 to choose
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zero taxes in that period. Hence, in contradiction to the assumption, the optimal
ˆ ˆˆ ˆprogram (m ,T ),(m ,T ) does not maximize Period-2 welfare as defined in (6).H H L L
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