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NON-TECHNICAL SUMMARY

This Paper argues that limits to the government’s access to information, such
as technological constraints and monitoring cost, can be beneficial even if the
government is fully benevolent and strictly maximizes welfare in an economy
with identical individuals. This may be a surprising result. Why would it be
harmful if a government that has the same preferences as each person in a
homogenous population and just wants to maximize a welfare function which
all individuals unanimously agree to were better informed about these
individuals?

The key to the answer of this question is time consistency: the fact that the
government re-optimizes its policy while time progresses and when
constraints change. Consider, for instance, a society in which the later income
position is random, but each individual has the same chance to become rich
and can influence this chance by making human capital investments. As has
been pointed out by Boadway, Marceau and Marchand (1996), a government
that pursues optimal redistributive income taxation that maximizes the ex-ante
expected utility of these individuals would like to carry out much redistribution
once actual incomes are determined. It would be optimal to tax and radically
redistribute the earnings of human capital investment when they accrue. Full
equalization of marginal 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 dramatically reduces their incentives to invest in education
and other forms of human capital that increase an individual’s earnings’
potential.

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 has already 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. But how should a government
credibly commit to tax rules that will apply 20 or 30 years from now? This
Paper proposes a new commitment mechanism: incomplete information. The
argument applies to other commitment problems as well, but is developed
here in the context of optimal income taxation and human capital: individuals
first choose their education investment and the government chooses its tax
policy for given education effort. However, a further degree of freedom is
added. 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 make all individuals better off. For full
information, the disincentives of time consistent redistribution lead to zero
equilibrium education. Incomplete information, however, leaves some
information rent to individuals with high productivity. This rent cannot be taxed
away and because this rent is earned only by highly productive individuals,
everyone has an incentive for investment in education. Equilibrium education
becomes strictly positive and the hold-up problem that is generated by time
consistent optimal taxation is partially alleviated.

The Paper also shows that incomplete information has an impact on the
optimal education policy. The government may want to alleviate the problem
of underinvestment in education by subsidizing human capital investment, or
free provision of education. However, in a full information situation, individuals
do not even have an incentive to adopt free education. The effectiveness of a
policy of education subsidies or free provision of education is much higher if
the government has incomplete information about individuals’ abilities.
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Abstract

Incomplete information is a commitment device for time consis-
tency problems. In the context of time consistent labor income taxa-
tion privacy can lead to a Pareto superior outcome and increases the
e¤ectiveness of public education as a second best policy.
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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 col-
lection. 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 o¤,
even if the government is fully benevolent and strictly maximizes welfare in
an economy with identical individuals if governmental policy su¤ers from
time consistency problems.

The analysis of time consistent policy more generally, by Kydland and
Prescott (1977), and time consistent taxation by Kydland and Prescott (1980)

¤I thank Robin Boadway and Ray Rees for extremely valuable comments and sugges-
tions. The usual caveat applies.
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has stimulated considerable research on capital income taxation. Boadway,
Marceau and Marchand (1996) draw attention to the fact that time consis-
tency may be an even more important problem regarding optimal income
tax policy and human capital investment.1 If the government chooses taxes
when all private decisions are made, the government may …nd it optimal to
tax and radically redistribute earnings. Full equalization of marginal util-
ities of income would be the time consistent optimal tax policy.2 Young
individuals anticipate that time consistent optimal taxation will consist of
a radical income redistribution policy regarding their future income. This
dramatically reduces their incentives to invest in education and other forms
of human capital that increase an individual’s earnings’ potential.3 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 …nal income. Mandatory education could eliminate the underinvest-
ment 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 occured and when these choices
are given. A government may want to commit to a less radical redistribu-

1A less extreme time consistency problem in optimal income taxation has been consid-
ered by Dillén and Lundholm (1996). They consider optimal income taxation in a dynamic
framework. If the government can re-optimize 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, e.g., Atkinson (1973) for discussion. The uncertainty about future income and
productivity creates an insurance demand and this is the standard justi…cation for re-
distributive 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 U.S. see Mincer (1994). For
Sweden see Edin and Topel (1997, pp. 173n.). Also, the empirically based general equi-
librium model by Trostel (1993) suggests that income taxation strongly a¤ects individual
educational choice.
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tive 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 bene…cial countervailing incentive
if a benevolent government faces a time consistency problem in taxation.
Kotliko¤, Persson and Svensson (1988) consider institutions that are costly
to change. Persson and Tabellini (1994) suggest delegating the optimal tax
decision to a person or group that has incentives di¤erent from those of the
welfarist government. But can these mechanisms lead to credible commit-
ment to tax rates that apply twenty or thirty years later?

This paper proposes a di¤erent commitment mechanism: incomplete in-
formation. 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): in-
dividuals …rst choose their education investment and the government chooses
its tax policy for given education e¤ort. However, a further degree of freedom
is added. Once the government has chosen its tax policy, individuals can still
choose their actual work e¤ort that determines individuals’ actual earnings.
The endogenous work e¤ort choice o¤ers 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 results in Boadway et al. (zero equilibrium education) are
reproduced. Incomplete information, however, leaves some information rent
to high productivity individuals. This rent cannot be taxed away, and gener-
ates incentives for investment in education. Equilibrium education becomes
strictly positive and the hold-up problem that is generated by time consistent
optimal taxation is partially alleviated.4

Also, with endogenous work e¤ort, public provision of education as a
second-best tool works better with incomplete information. With complete
information and endogenous work e¤ort, individuals are not willing to adopt
education, even if it is provided for free (or mandatory). With incomplete
information, a case for subsidized or freely provided education as a second
best policy can be made.

4A related argument has been used by Kjerstad and Vagstad (1996) in an auction
context. They show that too few bidders may enter an auction if entry has …xed cost and
if the auctioning mechanism leaves too little expected agency rents to the bidders.
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2 The Model
Consider a two-period model5 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 ei.

In period 2 individuals choose the amounts of their gross earnings mi.
Depending on the amount chosen, generating these earnings brings a disu-
tility of e¤ort. This disutility is assumed to be a strictly positive and thrice
di¤erentiable function Ã(mi) with derivatives Ã0(mi) > 0, Ã00(mi) > 0, and
Ã000(mi) ¸ 0. The marginal disutility is positive, increasing in earnings,
and convex6 . These assumptions are plausible and well discussed in agency
theory. In period 2 each individual is of one of two possible productivity
types. The two types are characterized by disutility functions ÃH(m) and
ÃL(m). We assume that ÃL(m) > ÃH(m) > 0 for all m ¸ 0: Hence, the
’H’-type is more productive than the ’L’-type, productivity meaning that a
more productive individual is able to generate the same amount of income
with less disutility, for instance because fewer hours are needed to generate
this income. For simplicity we parametrize the productivity di¤erence as a
horizontal shift of the marginal disutility curve; that is, Ã0L(m) = Ã

0
H(m+¢)

for all levels of income, and for some strictly positive given ¢.7

The productivity of each individual is determined (by nature) at the
beginning of period 2. The individual’s probability of becoming highly pro-
ductive is p(ei). The individual’s investment ei in period 1 increases the
probability that the individual becomes more productive. If no educational
investment is made, the individual will have low productivitywith probability
one in period 2. The probability p(ei) is assumed to be a monotonically in-
creasing function in educational investment. More speci…cally, I assume that

5 It is straightforward to extend this model and its equilibrium results to an overlapping
generations model with an in…nite horizon. However, with an in…nite horizon, equilibria
could be supported in which the time consistency problem could be overcome, similar to
sustainability of pay-as-you-go systems (Salant, 1991). These folk-theorem arguments are
less appealing in overlapping generations models, however, because players (government
or median voter, and individuals) change identity in an overlapping generations model.

6Convexity of the marginal e¤ort function is assumed in order to rule out the desirability
of a randomizing mechanism which has been discussed, e.g., in Stiglitz (1982).

7This parametrization is mainly for simplicity. The results in this paper hold more
generally. A more general su¢cient condition is that ÃH (mH ) > ÃL(mL) whenever mH

and mL are chosen such that Ã0
H (mH ) = Ã0

L(mL).

4



p(0) = 0, limei!0p
0(ei) =1, p0(ei) > 0, p00(ei) < 0;and limei!1p(ei) < 1.

8

The individuals learn about the e¤ect of their education investment at the
beginning of period 2 and make their earnings decisions after observing the
productivity type. We denote gross earnings and net income of an individual
with high-productivity by mH and xH and gross earnings and net income of
individuals with low-productivity by mL and xL, respectively.

The individual likes consumption in period 2, denoted as xi, dislikes disu-
tility of generating earnings, and also dislikes educational investment. Indi-
vidual i’s payo¤ from choices (ei;mH ;mL) is

Ui = ¡ei + p(ei)[u(xH)¡ ÃH(mH)] + (1¡ p(ei))[u(xL)¡ ÃL(mL)]. (1)

This is an expected utility with Ã the disutility of e¤ort function, and u the
utility of income which is assumed to be increasing in income and strictly
concave. The gross earnings mi and net income xi can di¤er by an income
tax or subsidy that will be introduced later.

I refer to (¡ei) in (1) as to i’s …rst-period utility, and to the latter terms
in (1) as to i’s second-period expected utility. It is not speci…ed exactly
what constitutes educational investment. One possible interpretation is that
this investment is in the form of mental e¤ort or forgone leisure in period
1, which explains why these resources may enter additively separably in the
payo¤ function.9

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 re-
strictions on earnings choices and to implement redistributive taxation, each
individual maximizes (1) subject to xH =mH and xL =mL.

The …rst order conditions which implicitly determine the optimal values
(e¤;m¤

H ;m
¤
L) are

u0(m¤
H) = Ã

0
H(m

¤
H) (2)

u0(m¤
L) = Ã

0
L(m

¤
L) (3)

8The two-type assumption is for simplicity only and has been made in the optimal tax
literature, e.g., by Stern (1982), Stiglitz (1982) and, in a related context, by Boadway and
Marchand (1995).

9The additive separability of payo¤ is made only for simplicity.
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and
p0(e¤)f[u(m¤

H)¡ ÃH(m¤
H)]¡ [u(m¤L)¡ ÃL(m¤

L)]g = 1. (4)

These conditions have the natural interpretations that earnings e¤ort is op-
timally chosen so that marginal utility of income and marginal disutility
of generating income are equal for each type of productivity, and that the
marginal bene…t of investment in education equals the marginal investment
cost. The marginal bene…t from an increase in ei is the increase in probability
to become the highly productive type times the di¤erence between utilities
of persons with high and low productivities.

Note that the high e¤ectiveness of the …rst 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. The solution of
ex-ante optimal (time inconsistent) taxation is omitted here. The benevo-
lent government would choose a tax schedule Ti = T (mi) to maximize the
expected utility U i as in (1) with

xi =mi ¡ Ti, (5)

subject to the government’s budget constraint and subject to the individ-
ually rational choices of income and investment in education, mi and ei.
Accordingly, when choosing and announcing period 2’s tax function at the
beginning of period 1, the government takes into account that redistributive
taxation distorts the education decision. The solution is similar to the ex-
ante optimal tax problem with commitment considered in Boadway, Marceau
and Marchand (1996) which they compare with a time consistent outcome.
This paper analyses a di¤erent comparison: it considers only time consistent
optimal tax policy and compares the cases with complete and incomplete in-
formation in the next two sections, showing that welfare with time consistent
optimal taxation is higher if government is incompletely informed.

Summarizing, the time structure of games in these sections will be as
follows. In stage 1, individuals i 2 [0; 1] choose their educational e¤orts
ei. In stage 2, nature decides whether an individual is more or less produc-
tive, in the sense of having e¤ort functions ÃH or ÃL; with p(ei) individual
i’s probability for becoming highly productive. Individuals learn their own
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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 …rst 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 ei in period 1, for each
i 2 [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 mi and their income net of taxes xi as in (5),
subject to a budget constraint, by making the tax a function of productivity.
The government maximizes individuals’ period-2 expected utility

W =

Z 1

0

[p(ei)[u(xH)¡ ÃH(mH)] + (1¡ p(ei))[u(xL) ¡ ÃL(mL)]] di (6)

subject to a budget constraint
Z 1

0

[p(ei)TH + (1¡ p(ei))TL] di = 0. (7)

The constraint (7) requires that the total sum of tax revenue is zero and uses
that all individuals with productivity k 2 fL;Mg choose mk and pay taxes,
Tk. Solving this problem yields …rst order conditions

Ã0H(mH) = u
0(mH ¡ TH) = u0(mL ¡ TL) = Ã0L(mL). (8)

Together with (7), these conditions determine the optimal choices of earn-
ings and redistributive taxes. In the optimum (8) all marginal utilities of
consumption must be equal between all individuals. Otherwise a further re-
distribution could be designed that yields even higher welfare. Also, earnings
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are chosen e¢ciently: 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 im-
plement this outcome simply by de…ning an appropriate tax function T(m; k)
with k 2 fH;Lg, for which the tax (or subsidy) depends on observed gross
income and productivity. One straightforward way to implement this out-
come is as follows. Suppose the optimal tax and subsidy for individuals with
high and low productivities are T ¤¤H and T ¤¤L ; respectively. Then the govern-
ment may choose income invariant but productivity dependent (poll) taxes
T(m;H) ´ T ¤¤H and T(m;H) ´ T ¤¤H . Given these taxes the individuals vol-
untarily choose the gross incomes that are e¢cient 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 di¤erence in disutilities is

ÃH(mH)¡ ÃL(mL) =

Z mH¡mL

0

Ã0H(m)dm > 0.

An individual is strictly better-o¤ from not being highly productive.10

Consider now stage 1: Individuals’ incentive to invest in education in
period 1. Since there is a continuum of individuals, each individual antic-
ipates T ¤¤H and T ¤¤L for the two productivity types as independent of his or
her own investment choice. Each individual will therefore choose e¤i = 0.
Even though educational investment is extremely e¤ective at the margin at
e¤i = 0, an individual has no incentive to invest. Even the …rst unit of invest-
ment 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-o¤ in period 2 if their productivity is low.

Lemma 1 If the government can observe the productivity of each individ-
ual, the unique time consistent optimal income tax equilibrium has e¤¤i = 0
for all i 2 [0; 1], T ¤¤L = 0, and m¤¤L = m¤

L, with m¤
L determined by (3). All

individuals have low productivity and utility equal to U¤¤ = u(m¤L)¡ÃL(m¤
L).

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

1 0This result is in line with Mirlees (1974) who has shown that the …rst best is likely to
require utility to decrease with skill in the …rst best allocation.

8



The zero-investment result in Lemma 1 reproduces the time-consistent
equilibrium outcome in Boadway et al. (1996). Most properties in Lemma
1 follow immediately from e¤¤i = 0: In particular, e¤¤i = 0 implies that all
individuals have 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 ei = 0 was feasible in the laissez-faire case, and ei = 0
leads to precisely the same 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 e¤ort yields strictly a higher expected utility.

6 Incomplete information
Suppose now the government cannot observe each individual’s true produc-
tivity. Educational investment choices are made in period 1. They are given
in period 2. Also, the government correctly anticipates the share of individ-
uals with high productivity. Let ¹p be this share. The government cannot
implement the massive redistribution program that equalizes marginal utili-
ties 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, (mL; TL) and (mH ; TH), that maximize (6) subject
to (7) and subject to the self-selection constraints

u(mH ¡ TH) ¡ ÃH(mH) ¸ u(mL ¡ TL) ¡ ÃH(mL) (9)

and
u(mL¡ TL)¡ ÃL(mL) ¸ u(mH ¡ TH)¡ ÃL(mH) (10)

for the two productivity types. Constraint (9) requires that an individ-
ual with high productivity prefers to generate (high) income mH and pay
(high) taxes TH, compared to a choice of (low) incomemL and a tax/subsidy
equal to TL, that is, an individual with high productivity prefers (mH ; TH) to
(mL; TL), and chooses (mH ; TH) if it has to make a choice between the two.
Inequality (10) is an analogous constraint for individuals with low produc-
tivity, like in the two-type version as in Stern (1982) and Stiglitz (1982) of
the standard Mirrlees (1971) framework. We discuss below how this program
can be implemented by an income tax schedule with Ti = T(mi).
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As is well known from similar problems, the self-selection constraint for
the productive type, (9) will be binding, whereas (10) is not. The Lagrangian
representing the maximization problem using TL = ¡ ¹pTH

1¡¹p is

L = W + ¸

�
u(mH ¡ TH)¡ ÃH(mH) ¡ u(mL +

¹pTH
1 ¡ ¹p

) +ÃH(mL)

¸
: (11)

The …rst-order conditions are
@L
@mH

= 0, (¹p + ¸)[u0(xH) ¡ Ã0H(mH)] = 0 (12)

@L
@mL

= 0 , (1¡ ¹p)[u0(xL)¡ Ã0L(mL)]¡ ¸[u0(xL) ¡ Ã0H(mL)] = 0 (13)

@L
@TH

= 0, ¡¹pu0(xH) + ¹pu0(xL) + ¸[¡u0(xH)¡
¹p

1¡ ¹p
u0(xL)] = 0: (14)

Denote the optimal program as (m̂H; T̂H); (m̂L; T̂L) and, accordingly, x̂H =
m̂H ¡ T̂H , and x̂L = m̂L ¡ T̂L. These optimal values are functions of the an-
ticipated share ¹p of high-productivity types which is a¤ected 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 o¤ the bene…ts of equalization of marginal utilities of consumption
(that is, its redistributional goals) and the e¢ciency losses which result from
making this redistribution compatible with the self-selection constraints.11

An important result is that the high-productivity type has a strictly
higher period-2 utility than the low-productivity type in the optimal tax
program. This distinguishes the equilibrium outcome with incomplete infor-
mation from the complete information case. The result is due to the binding
self-selection constraint (9) that is used to calculate the di¤erence in period-2
utilities as

[u(x̂H)¡ÃH(m̂H)]¡ [u(x̂L)¡ÃL(m̂L)] =
(9) binding

ÃL(m̂L)¡ÃH(m̂L) > 0. (15)

1 1 In particular, (14) reveals that, in the optimal program, u0(x̂L) > u0(x̂H ). This
inequality and (10) imply m̂L < m̂H . This, together with (12) shows that [u0(x̂L) ¡
Ã0

H (m̂L)] > 0 in (13). Moreover, (13) can be ful…lled for positive (1 ¡ p) and for positive
¸ only if the two terms in brackets have the same sign. Hence, u0(x̂L) > Ã0

L(m̂L). Unlike
the full information case in (8), when information is incomplete 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 e¤ort is too low.
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Note that the government can implement (m̂H ; T̂H) and (m̂L; T̂L) by a
standard type of tax policy in which the tax payment is a function of the
observed gross income. For instance, for a tax function with

T (m) ´
½
T̂L if m � m̂L

T̂H if m > m̂L

(16)

the individuals with low-productivity strictly prefer m = m̂L to any other
amount of gross income, and individuals with high productivity are just
indi¤erent between choosing gross income m̂L or m̂H , and strictly prefer these
amounts of gross income with the implied disutilities and taxes/subsidies to
any other possible choice of gross income. Given their indi¤erence between
m̂L or m̂H , as is standardly assumed in principal-agent theory, we adopt the
tie-breaking rule that they choose m̂H :

Consider now stage 1: the investment in education. Individuals and the
government anticipate that the share of individuals that have high produc-
tivity in period 2 is

¹p =

Z 1

0

pi(ei)di: (17)

This share is determined by all individuals’ education choices made in period
1. In period 1 individuals will make their educational choices in the expecta-
tion that the government will implement the optimal program with (m̂H ; T̂H)
and (m̂L; T̂L), based on the anticipated aggregate share ¹p of high-productivity
types. Given that there are more than countably many individuals, they per-
ceive correctly that their own choice determines their own probability p(ei)
of becoming a high-productivity type, but also understand that their own
choice has no measurable impact on the aggregate ¹p, and, hence, on the
optimal program to be chosen by the government in period 2.12

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

1 2 Implicitly, this assumes that the government can also not observe the individual ed-
ucation e¤ort. If the government could observe ei, the government made use of this
information to calculate p(ei), individual i’s probability for becoming productive. The
government then makes optimal individual contract o¤ers (mL; TL)i and (mH ; TH )i based
on p(ei) instead of ¹p. Equilibrium education e¤ort and ex-ante welfare are lower in this
case, but still some investment in education occurs in the equilibrium, since highly pro-
ductive individuals still earn an information rent.
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becomes equivalent to

p(ei)[ÃL(m̂L(¹p)) ¡ ÃH(m̂L(¹p))]¡ ei (18)

and the …rst-order condition becomes

p0(ei)[ÃL(m̂L(¹p)) ¡ ÃH(m̂L(¹p))] = 1. (19)

The term in brackets is the period-2 utility di¤erence between highly pro-
ductive types and types with low productivity. It does not depend on i’s
educational choice, as @¹p=@ei = 0 by (17). By the assumed concavity prop-
erties of p(ei) condition (19) has a unique solution for each possible ¹p, and
the equilibrium educational investment ê by all individuals is found where
(19) is ful…lled for

p(ei) = ¹p.

Inequality (15) together with limei!0p
0(ei) = 1, imply that ê > 0 in this

equilibrium. Comparing ê > 0 with the outcome with perfect information
in section 4 reveals a central result of this analysis: Incomplete information
reduces the underinvestment problem that occured in the time consistent
optimal tax equilibrium with full information. However, investment ê in the
equilibrium with incomplete information is still smaller than in the laissez-
faire equilibrium. (See the Appendix for a proof).

These properties are summarized as

Lemma 2 In the time consistent optimal tax equilibrium where type is
not observable, all individuals choose the same amount of investment in ed-
ucation. This amount ê is smaller than the laissez-faire amount, strictly
positive and larger than education with time consistent optimal taxation with
complete information: 0 = e¤¤ < ê < e¤.

7 Comparing welfare
Three equilibria are compared: the laissez-faire equilibrium (e¤;m¤

H;m
¤
L) as

in section 3, the time consistent optimal tax equilibrium where the govern-
ment can observe individual productivity, with e¤¤i = 0; m¤¤

L = m¤
L and

p¤¤ = p(0) = 0, as in section 5, and the time consistent optimal tax equi-
librium, where productivity types are unobservable, which was characterized
by values (ê; m̂L; m̂H ; T̂L; T̂H) as described in section 6.
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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 time consistent optimal tax equilibria with and without observabil-
ity of individual productivity can also be ranked. The equilibrium in the
situation that su¤ers from the additional information problem is superior
to the equilibrium in the time consistent optimal tax equilibrium with full
observability.

Theorem 1 Suppose the government chooses time consistent optimal in-
come 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 ei = 0 in the
laissez faire. Expected utility in the laissez-faire is a monotonically increas-
ing function in e for e 2 [0; e¤): Further, for any given ê 2 (0; 1), opti-
mal redistributive income taxation with incomplete information increases
the period-2 expected utility above the laissez-faire utility level that would
be reached for this choice ê. Hence, the result (i) in Theorem 1 is implied
by e¤¤ = 0 < ê < e¤, and this inequality was established in Lemma 2.

Consider result (ii). Recall that the equilibrium with observability of
types is characterized by e¤¤i = 0; p¤¤ = 0; x¤¤i = m¤¤

i = x¤L = m¤L for all
individuals i. 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

u(x̂L) ¡ ÃL(m̂L) ¸ u(m¤
L) ¡ ÃL(m¤L) (20)

and
u(x̂H)¡ ÃH(m̂H) ¸ u(m¤

L) ¡ ÃL(m¤
L). (21)

If the optimal tax T̂H = 0, (20) is ful…lled because x̂L = m̂L = x¤L = m
¤
L

in this case, and (21) holds because x̂H = m̂H > x¤L = m¤L and u0(x̂H) =
Ã0H(m̂H).
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If, instead, T̂H > 0, by u0(x̂H) = Ã0H(m̂H) this implies that the optimal tax
reduces highly productive individuals’ utility compared to u(m¤

H)¡ÃH(m¤
H)

for T̂H > 0. 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 o¤ than for T̂H = 0. Therefore, (20) holds.
(21) follows now from (20) because u(x̂H)¡ ÃH(m̂H) ¸

(9)
u(x̂L)¡ ÃH(m̂L) >

u(x̂L) ¡ ÃL(m̂L) ¸
(20)

u(m¤L)¡ ÃL(m¤
L). ¤

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 e¤ort 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 universi-
ties, or subsidize education literature. Even if the government cannot observe
if individuals actually learn or read the books, this reduces the individuals’
cost of a given amount of education investment ei. For simplicity I assume
that a monetary subsidy of °ei reduces the individual’s cost of education
e¤ort ei to (1 ¡ °)ei. That is, I abstract from the possible deadweight loss
that is incurred by the fact that actual education e¤ort 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 ° 2 [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
ei, nature decides about each individual’s productivity type, the government
implements the time consistent optimal taxation in period 2, and the individ-
uals 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 ine¤ective:

Proposition 1 With complete information in period 2, for any education
subsidy rate ° 2 [0; 1] the equilibrium with time consistent optimal taxation
has e¤¤ = 0.
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For a proof recall that, with complete information, highly productive indi-
viduals’ period-2 utility is strictly lower than low-productivity types’ period-2
utility in the time consistent optimal tax equilibrium. Hence, even if the gov-
ernment 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 under-
investment, and the underinvestment problem cannot be alleviated, even if
the government provides costless education.13 The result highlights that the
mandatory element of education provision in Boadway et al. (1996) is essen-
tial for achieving a welfare improvement. Education would not be adopted
by individuals voluntarily, even if it is freely provided.

Education subsidies can be more useful in the incomplete information
case. The intuition of this result can be obtained from the marginal condi-
tion that determines individual education investment. If education e¤ort is
subsidized, the marginal condition determining individual education invest-
ment ei is

(1¡ °) = p0(ei)[ÃL(mL) ¡ ÃH(mL)]. (22)

Individuals invest because their investment increases the probability to be-
come highly productive, and hence, their probability to earn the information
rent [ÃL(mL) ¡ ÃH(mL)], where this information rent is determined by the
time consistent optimal redistibutive taxation in period 2. If the informa-
tion rent [ÃL(mL) ¡ ÃH(mL)] were independent of the equilibrium level of
education and of the problem of …nancing the subsidy, the subsidy would
unambigously increase equilibrium education, and, since we start in an equi-
librium with underinvestment for ° = 0, a small subsidy would increase
welfare.

This result is reminiscent to results on subsidies on self-protection goods
in moral hazard equilibria in private insurance markets that have been dis-
cussed, e.g., 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 in-
creases p, the equilibrium share of individuals with high productivity. This,

1 3The result relies on the fact that individuals are in a corner solution. The outcome
is less extreme if, for instance, the …rst units of education yield su¢ciently high private
consumption bene…ts such that individuals choose some positive amount of education even
in the full information case.
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in turn, will induce the government in period 2 to choose a pair of gross
earnings and taxes (mH ; TH) and (mL; TL) that provides a smaller informa-
tion rent for the highly productive type, reducing their incentive to invest.
Accordingly, the total e¤ect of education subsidies in the incomplete infor-
mation case depends on the shape of p(e), ÃL and ÃH :

9 Conclusions
The standard view in welfare theory is that a strictly benevolent govern-
ment’s lack of information causes welfare losses. Examples are the e¢ciency
cost of redistributive taxation, or the cost of preference revealing mecha-
nisms. 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
information can be bene…cial, 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 ob-
servations and have strong policy implications. It is in line with the results
in this paper that 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 consti-
tutional limits can be observed. A most recent example is Germany’s con-
stitutional reform that allows to bug and secretly tape (almost) any private
communication, if police suspects that these persons take part in organized
crime activities. Similar to the time consistency problem with respect to
the tax policy itself, any policy that limits the government’s access to in-
formation 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 technol-
ogy will increase the welfare losses that result from time consistent optimal
income taxation. The time consistent optimal income tax is more strongly
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redistributive and, hence, educational e¤ort is more strongly discouraged the
better the government’s access to information. Asymmetric information also
improves governmental options for using public education as a second best
policy.

10 Appendix
In this appendix we con…rm ê < e¤. By strict concavity of p(ei), by (4), (15)
and (19) it is su¢cient to show that

[[u(m¤
H) ¡ ÃH(m¤H)]¡ [u(x¤L) ¡ ÃL(m¤

L)]] > (23)

[u(x̂H) ¡ ÃH(m̂H)]¡ [u(x̂L) ¡ ÃL(m̂L)]:
Conditions (2) and (12) together with TH > 0 imply that m̂H >m¤

H = x
¤
H >

x̂H. This shows that

[u(m¤
H)¡ ÃH(m¤H)] > [u(x̂H) ¡ ÃH(m̂H)]. (24)

It remains to show that [u(x̂L)¡ÃL(m̂L)]¸ [u(x¤L)¡ÃL(m¤
L)]. This property

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 equal to u(x¤L)¡ ÃL(m¤

L) by a choice of zero taxes. If [u(x¤L) ¡ ÃL(m¤
L)] >

[u(x̂L) ¡ÃL(m̂L)], then by (24) both productivity types have lower period-2
utility with the period-2 optimal tax program than if the government de-
cides in period 2 to choose zero taxes in that period. But by (24) the high-
productivity type is also worse o¤ in the optimal tax equilibrium than when
government decides not to raise any taxes in period 2. Hence, in contradic-
tion to the assumption, the optimal program (m̂H ; T̂H); (m̂L; T̂L) does not
maximize period-2 welfare as de…ned in (6).
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