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Abstract

We study the joint design of nonlinear income and education taxes when the government pursues
redistributive objectives. A key feature of our setup is that the ability type of an agent can affect
both the costs and benefits of acquiring education. Market remuneration of agents depends on
both their innate ability type and their educational choices. Our focus is on the properties of
constrained efficient allocations when educational choices are publicly observable at the indi-
vidual level, but earned income is subject to misreporting. We find that income-misreporting
(IM) affects the optimal distortions on income and education and shed light on the reasons for
it and mechanisms through which it is done. We show how and why IM strengthens the case
for downward distorting the educational choices of low-ability agents. Finally, we find that IM
provides another mechanism that makes commodity taxation useful.

JEL classification: H21, H26, J31.

Keywords: optimal taxation; education; human capital; income-misreporting; redistribution.



1 Introduction

The contributions growing out of Mirrlees’ (1971) seminal paper on optimal income taxation
have mostly assumed that an individual’s productivity or wage rate is exogenously given. More
recently, however, a comparatively small literature has analyzed optimal redistributive taxation
in settings with endogenous wages. These contributions may be divided roughly into three
strands. One strand maintains the assumption of perfect competition in the labor market and
generates wage endogeneity by treating workers of different skill type as separate inputs that are
imperfectly substitutable in production function.! A second strand generates wage endogeneity
by introducing frictions in the labor market that may either be due to imperfect competition
or to problems of asymmetric information between workers and employers.? The third strand
endogenizes wages by allowing for the possibility to invest in productivity-enhancing education.?

Within this last strand, a number of contributions assume that educational attainment is
publicly observable at the individual level and thus can be taxed nonlinearly. These studies have
greatly enhanced our understanding of what determines the direction of the optimal distortion
on educational choices of agents. Yet, while they differ in many aspects, they all maintain the
Mirrleesian assumption of public observability of earnings. This makes nonlinear taxation of
both incomes and educational expenditures possible. However, in reality, income-misreporting
is often a relevant phenomenon—a fact that might very well undermine the efficacy of the income
tax in achieving redistribution.

The distinctive feature of our contribution lies in the recognition that agents can conceal
part of their earned income for tax purposes. Our main goal is to investigate if, and how, the
optimal distortion on agents’ educational choices varies depending on whether or not earned
income is perfectly observable by the government at the individual level. And, to simplify our
analysis, we model income-misreporting (hereafter, IM) following the so called riskless approach
pioneered by Usher (1986).

As a vehicle for our study, we set up a two-type optimal income tax model (a la Stern
(1982) and Stiglitz (1982)) where an agent’s productivity depends on his type (innate ability),
and on the amount of education he acquires. To attain a given amount of education, agents

incur an effort cost which is type-dependent (in addition to monetary cost of education).* We

'See, e.g., Stiglitz (1982, 1987), Allen (1987), Naito (1999), Pirttild and Tuomala (2002), Blackorby and Brett
(2004), Gaube (2005), Gahvari (2014).

?See, e.g., Aronsson and Sjogren (2003, 2004), Hungerbiihler et al. (2006), Kessing and Konrad (2006), Bastani,
Blumkin and Micheletto (2015), Aronsson and Micheletto (2021).

3See, e.g., Ulph (1977), Tuomala (1986), Brett and Weymark (2003), Bovenberg and Jacobs (2005), Blumkin
and Sadka (2008), da Costa and Severo (2008), Maldonado (2008), Jacobs and Bovenberg (2011), Guo and Krause
(2013), Findeisen and Sachs (2016, 2018), Stantcheva (2017).

4The idea of an agent’s "type" as a multi-dimensional characteristic which affects both a person’s productivity
and a person’s cost of attaining a given education level resonates with the concluding remarks in Hellwig (2008,
p. 8): "... it makes sense to think of both the productivity of an agent with education level e and the cost of
achieving this education level as being unobservable, determined by one or several hidden characteristics. The



characterize the properties of an informationally constrained Pareto-efficient tax policy, focusing
on the so-called “normal” case where the direction of redistribution goes from the high- to the
low-ability type.

Our main results can be summarized as follows. First, when an agent’s productivity or
wage depends only on his education level and not directly on his type (i.e., the effect of one’s
type is channeled only indirectly through the education level he chooses), IM does not affect the
qualitative properties of an optimal tax policy. Whether earned income is perfectly observable at
the individual level or not, all agents—high- and low-ability alike—face a zero marginal income
tax rate. Tax treatment of educational attainment, on the other hand, is not the same. Its
choice is left undistorted for high-ability agents but downward distorted for low-ability agents.

Second, in the more general case wherein an agent’s productivity or wage depends directly
on both his type and educational attainment, IM does not change the characterization and the
sign of the marginal income tax rate faced by low-ability agents (which should be positive), and
high-ability agents (which should be zero). It also leaves unscathed the result that education
should be undistorted for high-ability agents. However, compared with a setting where earned
income is perfectly observed by the government at the individual level, it strengthens the case
for a downward distortion on the educational choice of low-ability agents. We will explore the
various factors that are behind this later in the paper. However, it is worth pointing out here
that, with or without IM, education provides another instrument for making “mimicking” less
attractive (making the preferred choice of the low-ability agents less desirable to high-ability
agents), thus allowing more redistribution to low-ability agents.

Third, in the general case wherein an agent’s productivity depends directly on his type,
IM implies that consumption taxation is no longer a redundant policy instrument. We thus
reconsider our results by assuming that a linear consumption tax is used alongside a joint
nonlinear tax on education and reported income. Under this scenario, it becomes desirable to let
high-ability agents face a negative marginal tax on reported income and also to distort upwards
their educational choice. For low-ability agents, consumption taxation exerts a moderating
effect on the optimal marginal tax on reported income. It also generates a mitigating effect on
the tendency, attributable to the possibility of IM, to warrant a downward distortion on the
educational choice of low-ability individuals.

The paper is related to a diverse body of literature in public economics.

(i): Tax evasion. Most of the early evasion literature, following the seminal contribution by
Allingham and Sandmo (1972), assumes that decisions about income-misreporting involve risk.

Evasion may be detected with some probability, for instance due to random audits by the tax

question then should be how these two information problems interact and how this interaction affects optimal
utilitarian taxation. Recognizing this as an issue provides a good basis for further research on the respective roles
of heterogeneities in productivities and in education costs".



authorities, in which case a sanction applies (see, e.g., Cremer, Marchand and Pestieau, 1990,
Cremer and Gahvari, 1994, 1996, Schroyen, 1997). The riskless approach to evasion, introduced
in the literature by Usher (1986), assumes that taxpayers are able to fully avoid detection by
incurring a cost that depends on the amount they misreport. The cost function may be implicitly
assumed to capture some of the elements from the uncertainty model, for instance to make the
cost higher the more extensive is the auditing activity of the tax collector. As in the uncertainty
case, there is a trade-off between the gain from lowering the tax by IM and the cost incurred,
which is modeled as a pure concealment cost. Following the contribution by Usher (1986),
the riskless approach has been used in a number of subsequent contributions (e.g., Mayshar,
1991, Boadway, Marchand and Pestieau, 1994, Kopczuk, 2001, Slemrod, 2001, Christiansen and
Tuomala, 2008, Chetty, 2009, Gahvari and Micheletto, 2014, Gerritsen, 2021).

(ii) Redistributive role of education policy. Beginning with Arrow (1971), a large body of
public economics literature has investigated the redistributive role of education policy. Earlier
contributions, including Arrow (1971), Green and Sheshinski (1975) and Bruno (1976), left
aside asymmetric information problems and assumed that the government could observe an
individual’s type. The main goal of these contributions was to characterize the optimal allocation
of a given amount of educational expenditure amongst a population of individuals of different
ability. Considering the educational policy in isolation, or assuming an exogenously given income
tax schedule, these papers could not shed light on the relative merits of tax- and expenditure
policy for redistributive purposes.

(iii) Interaction of income redistribution and educational policy. Ulph (1977) and Hare and
Ulph (1979) developed Bruno’s work on the interaction of income redistribution and educa-
tional policy by allowing both types of policies to be simultaneously optimized. However, they
retained the assumption that the ability to benefit from education is observed by the education
authorities. Relaxing this assumption, and assuming that a nonlinear income tax is the only
government’s policy instrument, Tuomala (1986) analyzed how individuals’ educational choices
affect the progressivity of the optimal nonlinear income tax. He did so in the context of a
timeless model where private agents only differ in their ability to transform education into la-
bor productivity. Subsequently, Brett and Weymark (2003) generalized Tuomala’s model to a
setting where individuals differ both in terms of their ability to transform education into labor
productivity, and in terms of the time needed to acquire a given amount of education. However,
as in Tuomala’s case, they assumed that taxes could only be set as a function of earned income.

Bovenberg and Jacobs (2005) was the first paper which jointly optimized, within a Mirrleesian
static framework, a nonlinear tax on income and on educational expenditure; they also considered
the case where education entails for agents both a resource- and an effort-cost, but assumed

away the possibility that agents differ in the effort cost of acquiring education. A famous result



that they obtained was that education subsidies and income taxes are “Siamese twins”, in that
education subsidies should be used for the sole purpose of offsetting the distortions created
by redistributive income taxation. This result was later challenged by Maldonado (2008) who
showed that distorting the educational choices of agents is desirable when the education elasticity
of wage varies with ability.?

(iv) Dynamic Mirrleesian settings. From a normative standpoint, the interaction between
the taxation of income and education has also been investigated in dynamic Mirrleesian settings
where commitment issues or risky properties of human capital investment have been impor-
tant elements of the analysis. The differences between an optimal policy under full or limited
commitment have been studied by Guo and Krause (2013) and Findeisen and Sachs (2018).
Uncertainty about the return to human capital investment implies that the tax policy serves a
dual purpose, achieving redistribution and providing insurance. The role of uncertainty has been
analyzed in various contributions such as da Costa and Maestri (2007), da Costa and Severo
(2008), Findeisen and Sachs (2016), Stantcheva (2017) and Kapicka and Neira (2019). The first
three papers consider two-period models where agents make a one-shot education decision, with
a one-time realization of uncertainty. Stantcheva (2017) considers an n-period model where
investment in education occurs during the entire life-cycle of an agent, with progressive real-
ization of uncertainty throughout life. Kapicka and Neira (2019) consider a two-period model
with one-time realization of uncertainty but assume that human capital investments are only
partially observable by the planner.

Finally, in finding another avenue for making consumption taxation a useful instrument
for optimal tax policy when there is IM, the paper contributes to the large literature that
the celebrated Atkinson-Stiglitz (1976) paper on the redundancy of commodity taxation has
spawned. Many authors have found different mechanisms to justify commodity taxation while
retaining the Atkinson-Stiglitz separability assumption. The following is a partial list of factors
considered. Differential public observability: Boadway, Marchand, and Pestiau (1994), Cremer,
Pestiau, and Rochet (2002); Uncertainty and commitment: Cremer and Gahvari (1995a, 1995b,
1999); Heterogeneity in tastes: Cremer and Gahvari (1998, 2002), Saez (2002), Boadway et
al. (2002); Heterogeneity in endowment: Boadway, Marchand and Pestieau (2000), Cremer,
Pestieau, and Rochet (2001); Differential consumption time: Boadway and Gahvari (2006),
Gahvari (2007); Household production: Cremer and Gahvari (2015); Market sophistication:
Gahvari and Micheletto (2016).

The rest of the paper is organized as follows. Section 2 describes the behavior of the agents

under laissez-faire. Section 3 presents the income-misreporting technology that is available to

>Later on, Jacobs and Bovenberg (2011) extended Maldonado’s model by considering a more general earnings
function which allowed for the possibility that the education elasticity of earnings depended both on innate ability
and labor supply.



agents, sets up the government’s problem, and characterizes the properties of an optimal tax
policy that jointly depends on the amount of education acquired by an agent and his/her reported
income. Section 4 adds a linear consumption tax to the armoury of instruments available to
the government. Section 5 discusses the robustness of our results to alternative assumptions

regarding the wage function. Section 6 offers concluding remarks.

2 The setting

Agents differ in ability type, which is described by the parameter 6. A higher-ability corresponds
to a higher value of . The labor productivity of a given agent depends on his type 6 and
education level e. Attaining a given level of education entails both a resource- and an effort-
cost. The resource cost is given by p (per unit of education e) and the effort cost is captured by
a function ¢ (0, e) which in general depends on the individual’s ability type.

An agent of ability § who acquires education in the amount e has labor productivity w (0, e),
which means that he supplies w (0, e) units of labor in efficiency units per unit of time. We
assume that dw (0,e) /06 > 0 and Jw (0,e) /0e > 0. There is a single consumption good,
denoted by ¢, and produced using labor in efficiency units as the sole input. The technology
exhibits constant returns to scale. The consumption good is treated as the numéraire and we
choose the units of measurement so that one unit of labor in efficiency units produces one unit
of output. The labor market is perfectly competitive, so that an individual’s wage is equal to
the marginal (and average) product of his labor w (6, ¢). Earned income, denoted by I, is thus
given by I = w (0, ¢e) L, where L is the amount of labor supplied to the market.

Agents’ preferences are described by the function

U=u(e)—v(L) - ¢ (0,e), 1)
where v’ (¢) > 0, v’ (¢) < 0, (L) > 0, v"(L) > 0, dp(0,e) /06 < 0, Op(0,¢e)/0e > 0,
0%p (0,¢e) /0ede > 0 and 0%p (0,e) /0ed§ < 0. Under laissez-faire an individual solves the

following maximization problem:

max u(I—pe)—v<w(é’e)> —u(b,c).

The associated first-order conditions with respect to I and e are given by:

U = w, (2)
Lowv 0O¢/0e
LT -2 _ )

where the LHS of (2) represents the marginal rate of substitution between labor and consumption
(M RS[.), and the LHS of (3) represents the marginal rate of substitution between education and

consumption, or as it is called below, the marginal willingness to pay for education (MW P,.).



3 Fully nonlinear taxation with income-misreporting

3.1 Design

Consider a discrete setting with two types of agents, those with 6 = 6° (low-ability) and those
with 6 = 6" (high-ability), with 0" > #°. The government intends to design a Pareto-efficient
tax policy that allows achieving some given revenue-raising- and redistributive goals. The in-
formational structure of the problem includes the standard Mirrleesian assumption that the
government knows the distribution of types in the population but does not know “who is who”.
This rules out the possibility of using first-best, type-specific, lump-sum taxes/subsidies. How-
ever, in contrast to what is commonly assumed in optimal taxation models, we shall assume
that earned incomes are not publicly observable either. This opens up the possibility of tax
evasion through IM. The educational level achieved by a given individual, on the other hand, is
assumed publicly observable and thus taxable.

To model IM, we follow the riskless approach introduced by Usher (1986); specifically, once
agents have incurred a cost, they face no risk of detection. This simple structure allows the
government to achieve its objectives through a general (nonlinear) tax function 7'(-,-) which
depends on reported income, M, and education level e. To see this, recall that in a two-group
model without IM, one needs only determine the two groups’ allocations. This can be done by
a direct mechanism consisting of two bundles, each specifying a particular amount of income
(earned equal to reported), education, and consumption. The same procedure works in our
model if the two bundles, the one intended for the low-skilled agents and the other for the
high-skilled ones, are specified in terms of reported income M, education e, and tax payment T’
(equivalently, net-of-tax reported income: B = M — T'). The reason is that, as we show below,
an (e, M, B)-bundle corresponds to an (e, L, ¢)-bundle; notwithstanding the fact that reported
incomes will likely differ from actual earned incomes.

Consider the optimization problem of an agent who is to choose between bundles (ef, MY, Be)
and (e, M", B"). He will choose the bundle that maximizes his utility (1). Denote by a the
difference between earned- and reported-income. IM is costly: a taxpayer who evades a incurs
a (pecuniary) cost o (a) where o (-) is assumed to be non-negative, increasing in (the absolute
value of) a, strictly convex. We also assume o (0) = ¢/ (0) = 0. The consumption level of a

taxpayer who selects (e, M, B), and subsequently misreports a, is equal to
c=B+a—o(a), (4)

where we have dropped the superscripts for ease in notation. Observe that in designing this
mechanism, we have implicitly assumed that the pecuniary cost of education is paid by the

government. Alternatively, one may assume the cost is incurred by the individual paying p per



unit of e. The two formulations provide identical results.5
With the taxpayer’s true earnings being equal to w (6, e) L, we have

M+ a

L:w(ﬁ,e)

: ()

Substituting (4) and (5) in (1), yields

Uzu(B—i—a—o(a))—v(m)—@(9,6). (6)

The taxpayer’s optimization problem consists of choosing a to maximize (6). This results in the

first-order condition
'(3}4(;::)) =w(f,e) [l—al(a)] u (B+a—o(a)), (7)

which determines a and subsequently c¢. Obviously, given (5), choosing a is tantamount to
choosing L.

Having shown that a taxpayer’s choice of (e, M, B) determines his consumption bundle
(e, L, c), we now discuss how the mechanism designer determines (e, M*, BY) and (e, M", B").
There are two types of constraints that must be considered in this problem. One is that the
bundles must satisfy the economy’s resource constraint. The other, with the taxpayers being
ultimately free to determine their allocations when given a tax function, is that the bundles
must be incentive-compatible. This requires that agents do not behave as “mimickers”, misrep-
resenting their ability type: each agent must weakly prefer the (e, M, B)-bundle intended for his
ability type to that intended for the other type.

For a given (e, M, B)-bundle, the (conditional) indirect utility of an agent of type 6 is given
by

M+ a*

V(e,M,B;H)Eu(B—i—a*—a(a*))—v<W)—go(&,e), (8)

where a* represents the value of a that solves the first-order condition (7). Normalizing to one
the size of the total population and denoting by 7 the proportion of agents of type ¢ (low-ability),
the government’s problem (hereafter, problem P1) can be formalized as
max 14 (eZ,Me,BB;M)
et ,M¢ Bt eh MM Bh

subject to:

Notice that any given (e, M, B)-bundle where the resource cost of education is paid for by the government is
equivalent, from an agent’s standpoint, to a (e, M, E)—bundle where B = B+ pe and the resource cost of education
is paid for by the agent. The two bundles, under the respective assumptions about who pays for the resource cost
of education, are also equivalent in terms of net revenue collected by the government.



where V and R represent, respectively, an exogenous pre-specified utility level for agents of type
h (high-ability) and a government’s exogenous revenue requirement.” Notice that, according to
the last constraint, the resource cost of education is covered by the government. As pointed out
in footnote 6, this kind of approach is without loss of generality.

Denoting the Lagrange multipliers associated with the first, second, and third constraint
by 8, A and p, the optimal values of e®, M" B" ef, M¢ B’ are determined by the first-order

conditions to this problem presented in the Appendix A [equations (A1)-(A6)].

3.2 Properties

We can now specify the properties of the tax schedule T (M, e) that implements (e/, M7, B7),
and thus (e/, L7, ¢’), for j = ¢, h. Faced with the schedule T (M, e), or alternatively B (M, e) =
M —T (M,e), an agent solves the following maximization problem
M
max u(M+a—T(Me)~0(a) v (w(;;> —p(b,e).

From the first-order conditions of the above problem, we can derive the following implicit char-

acterizations for the marginal tax rates Ty = 0T (M, e) /OM and T, = 9T (M,e) /De):

_ 0T (M,e) v
v = = =1 uw )
T (M,e) (M +a)dw/dev’ 0Op/de Lowv'  0p/de
T, = = — - =——— - . (10)
Oe w? u u! w de v u!
Notice also that, combining (7) and (9), one gets that
Ty =o' (11)

For later purposes, it is useful to define the marginal rate of substitution between M and B,
denoted by M RSy p, for an agent choosing a given (e, M, B)-bundle. From (8), by invoking the

envelope theorem, we have:

oV (e,M,B;0) /M = — (M) Jw(0,¢e);

oV (e,M,B;0) /0B = u'(B+a*—o(a")).

Thus, we can define MRSy p as

/[ M+a*
MRS _ _8V (6,M,B,9)/8V (G,M,B;Q) . v (w(9,e)) (12)
MB = oM OB w(f,e)u (B+a*—o(a))

"In setting up the government’s problem we have neglected to take into account the self-selection constraint
requiring low-ability agents not to mimic high-ability agents. This approach can be justified by assuming that
we focus on the so called “normal” case when the intended direction of redistribution is from the high- to the
low-ability agents. Put differently, we are implicitly assuming that the value for V appearing on the RHS of the
first constraint is lower than the utility enjoyed by high-ability agents under laissez-faire.



Based on (12), we introduce the following notations for the marginal rates of substitution between

M and B for a j-type (with j = h,{) and for an h-type mimicking an /-type,

o < M +a > v < M +a >
MRS . — u(®e’) __\ve) (13)
MB w (0, e) v (Bi +ai — o (al)  w(07,ed) ! (c7)’
1 [ Mftalt 1 Misat
. B v <w(€h,e€)) B v <w(9h’e€))
MRSy = 14

w (Qh, 65) o (Bt + aht — o (aht)) W (Oh, ef) u (chz)7
where o/ = a* (ej,Mj,Bj;Qj), for j = h, ¢, and " = a* (ee,MZ,BZ;Hh).
We are now in a position to give a characterization for the implicit marginal tax rates faced
by high- and low-ability agents at an optimum. This is done in Proposition 1 where we denote
the earnings of a low-ability agent by IY = M? + o’ and the earnings of a high-ability agent

behaving as a mimicker by I = M*¢ + o™’

Proposition 1 Consider a two-group optimal income tax model with IM, wherein a worker’s
productivity depends directly on his ability type and educational attainment. The optimal implicit

marginal tax rates faced by the high- and low-ability agents are given by:

Tur (Mh,eh) —0, T, (Mh,eh) —p, (15)
and
Tor (M’f,eﬁ) - w (MRS@B—MRS%B), (16)
T. (M’f, ef) = p+ M;L(;M) (1"elf MRS}fs — I'€, MRS}, B)
+)\u’ (") [8@ (QZ,(EZ) /0e’ O (Hh,eg) /861 (17)
p u’ (cf) u' () ’
where 6%6 and efihe denote the semi-elasticity of the wage rate with respect to education for,

respectively, a high-ability mimicker and a low-ability type, i.e.
ow (Hh ee) ow (Hg ez)
{ ) h ¢ _ ’ ‘0
Ew,EZT/w<9 ,6) U/ndﬁw,e:T/W(Q,e). (18)
Proof. See Appendix A. m
The fact that Ty (M h, eh) = 0 implies that the labor supply of high-ability agents is undis-
torted (which also implies that a = 0) and the fact that T, (M h,eh) = p tells us that the
optimal marginal tax on education is given by a purely non-distortionary term that is meant to

let agents internalize the marginal resource cost of e.® These particular results are not surprising

8Recall that agents do not directly pay for the resource costs of education; they pay for these costs indirectly
through taxation. Rather than entering the private budget constraint (4), the resource costs of education appear
in the government’s revenue constraint (the last constraint of problem P1). See Blomquist, Christiansen and
Micheletto (2010) for more details on the distinction between distortionary and non-distortionary marginal tax
rates.



as they are yet another reflection of the well-known “no distortion at the top” result, and an
artifact of the assumption that redistribution is from high- to low-ability types. What is more
interesting is the nature of the marginal tax rates faced by the low-ability types to which we
now turn.

To proceed on this front, we find it useful to distinguish between two cases. Case (a): One’s
type does not affect his productivity directly; educational attainment serves as the only vehicle
for any effect that one’s type may have on his productivity (through the type-dependent effort-
cost of achieving a given education level, namely, the function ¢ (6,e)) . Algebraically, this is
depicted by dw (0, ¢e) /00 = 0. Case (b): One’s type has a positive direct effect on productivity
separate from the effect channeled through education so that dw (6,e) /96 > 0.

3.3 Case (a): Jw(0,e) /06 =0

We start by presenting a lemma which will help in studying this case.

Lemma 1 Assume that Ow (0,¢e) /00 = 0. Then:

(i) A high-ability worker, when behaving as a mimicker, will misreport the same amount as
a low-ability worker. That is, a" = a’.

(i) For any given (e, M, B)-bundle we have that MRS, = MRSY, 5.

(iii) b, = €l .

Proof. See Appendix A. m

The result in (i) is due to the fact that our riskless modeling of evasion, with a type-
independent IM-cost function o (+), ensures that an individual’s choice of a is independent of his
type for any given (e, M, B)-bundle; see the first-order condition (7). The result in (ii) follows
because a™ # a’ serves as the only potential source for M RS% g to differ from M RS& g- The
result in (iii) comes from the definitions in (18) when w depends only on e.

Using the results of Lemma 1 in equations (16)—(17) simplifies them into

T (M’f,ef> — 0, (19)

A | Op (6%t dp (0", et
n(ard) = o |- ). g

which implies that T, (Me, ee) > p under the assumption that 9%¢ (,€) /0edf < 0. The key to

understand these results is to notice that, when taxes can be conditioned on education, a high-
ability mimicker is denied any information rent associated with differences in productivities.
This is due to the fact that, conditional on education, productivity is not type-dependent when
Ow (0,e) /00 = 0. Absent a difference in market productivities, there is no mimicking-deterring

benefit from distorting the labor supply of low-ability agents; it would serve no screening purpose

10



given that M RSfV[ g =MRS % - This observation accounts for the result provided by eq. (19).
Moreover, given that from Proposition 1 we also have that T (M h. eh) = 0, it also follows that,
once taxes can be conditioned on education, it is useless to condition the tax liability also on
reported income; a nonlinear tax on education is all that the government needs. High-ability
mimickers only enjoy an information rent that is associated with differences in the (effort) cost
of acquiring education, and this information rent is reflected in the term within square brackets
in eq. (20). This term calls for setting the marginal tax on education at a level higher than p,
entailing a downward distortion on e’ which is justified by mimicking-deterring considerations.
The intuition comes from the observation that, since the marginal (effort) cost of acquiring
education is lower for a mimicker than for a low-ability agent, the marginal willingness to pay
for education is higher for the former than for the latter.” Hence, introducing a small distortion
on e’ imposes a first-order utility loss on the mimicker, thereby relaxing the binding self-selection
constraint, while at the same time exerting only a second-order effect on low-ability agents.
The above results, and in particular the redundancy of conditioning the tax liability also
on reported income, warrant an important remark. This result hinges on the fact that for any
given (e, M, B)-bundle, a™ = a’ when 0w (#,€) /00 = 0, an outcome that descends from the
assumption that there is no heterogeneity in the misreporting technology available to taxpayers.
With heterogeneous IM-technologies, parts (i) and (ii) of Lemma 1 would cease to be valid.!%:1!
As a consequence, if type-£ agents had access to a cheaper IM-technology, the government would
benefit from conditioning the tax liability also on reported income, and letting Th (M 8762)
deviate from zero.'? Intuitively, if IM is easier for those agents who are regarded as "more

deserving" from a social point of view, there are redistributive gains from designing the tax

schedule in such a way that transfer-recipients are induced to misreport their income. These

®As we pointed out at the end of Section 2, the expression on the LHS of (3) represents the marginal
willingness to pay for education. Therefore, at a given (e, M, B)-bundle, MW P.. can be equivalently re-
expressed as (M + a) €w,e MRSyp — (Op/0€) /u’. Applying the results provided by Lemma 1, we have that
(M—&—ahé) eZ{EMRSXfB = (M —&—aé) efu,eMRSfQB. Moreover, part (i) of Lemma 1 implies that M = ¢, and
therefore u’ (che) = (cl). Under these circumstances, the difference between the marginal willingness to pay of
a low-ability agent and of a mimicker is only related to the difference in their marginal (effort) cost of acquiring
education.

0For example, assume that the function o (a) only applies to low-ability agents, whereas for high-ability agents
(independently on whether they behave as mimickers or not) the cost-of-IM function is given by ko (a), with k
representing a positive constant. We would have that a"* = a = 0, and therefore MRS 5 = MRS%, 5, at those
(e, M, B)-bundles satisfying the condition w (e) v’ (B) = v’ (M /w (e)); at all other (e, M, B)-bundles we would have
that a" # a® and MRS 5 # MRS%,; 5. Within a different setting, heterogeneous misreporting technologies are
considered by Kopczuk (2001), Blomquist, Christiansen and Micheletto (2016), and Canta, Cremer and Gahvari
(2021).

"' The same would be true if one were to relax the assumption that the effort-cost of acquiring education and the
effort cost of supplying labor in the market are additively separable in the agents’ utility function. For example,
assuming that U = u(c) — g (v (L) + ¢ (6,¢€)), with g (-) representing an increasing and convex function, would
again imply that the results provided by parts (i) and (ii) of Lemma 1 break down. The intuition comes from
observing that the reformulated utility function implies that the marginal disutility of labor supply is affected by
the (effort) cost of acquiring education.

120n the other hand, if high-ability agents had access to a cheaper IM-technology than low-ability agents, it
would still be true that the government would not benefit from the possibility to condition the tax liability on
reported income.
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gains arise from mimicking-deterring effects: requiring transfer-recipients to report a specific
amount of income (on top of acquiring a given level of education) imposes a softer constraint
on the labor supply of agents having access to a cheaper IM-technology. Therefore, if deserving
agents have better IM-opportunities, requiring transfer-recipients to report a specific amount of
income imposes a lighter burden on those who are the intended beneficiaries of the redistributive
program than on mimickers.

Our final observation here is that the characterization of T (M ¢ eg) and T, (M ¢ ez) pro-
vided by egs. (19)-(20) are precisely the ones that emerge in a model without IM. This is quite
intuitive in light of the fact that the no-IM case can be interpreted as a special case in which

t = g" applies. Thus, if wage conditional on education and IM-costs are both

the condition a
type-independent, then IM will have no impact on the characterization of optimal marginal

taxes on incomes and educational attainments.
3.4 Case (b): ow(0,e) /00 >0

Lemma 2 is the counterpart of Lemma 1 for when dw (6, ¢e) /00 > 0.

Lemma 2 Assume that Ow (0,¢e) /00 > 0. Then:
(i) A high-ability worker, when behaving as a mimicker, will misreport more than a low-ability
worker. That is, a™ > a’.

(ii) For any given (e, M, B )-bundle we have that MRS, 5 > MRS .

Proof. See Appendix A. m
The implication of Lemma 2 for the optimal tax characterization given in Proposition 1
is that Ty (Mz,e[) > 0 which is the same result as the one in the absence of IM. Indeed,
T (M ¢ eg) has the same characterization as in the case without IM. Turning to T, (M ¢ eg),
the interesting questions to ask is if T (M ¢ ee) exceeds or falls short of p and what the role of
IM in this is.
As a benchmark for our discussion, consider a setting where agents cannot misreport their
ht

earned income to the tax authority. In that case, we would have that a’ = a" = 0 and ¢! = ¢,

so that (cf) = (che). Then, eq. (17) simplifies to

1 (AL
T (M) = p+ () (bl MRSY, 5 — el MRS} 5| M
pr L ’ ’ ’
A | Op (96, 64) Jp (Gh, 64)
wr oel  Bel ’ (21)

To make things simpler, let us make one further simplification and assume that the effort cost
of achieving a given education level, depends only on the education level and not ability. That

is, dp (6,€) /00 = 0 so that dp (Gz, ee) /0e’ = Oy (Hh, et) J0et = ¢ (ee). Under this assumption,
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eq. (21) simplifies to

M ()
um
We know that in that absence of IM, M RS]{/[’ g>M RS%’ - Therefore, if ere < efv’e, eq.

(22) tells us that T, (M* e’) < p; this includes the case in which w(6,e) can be written as

w(f,e) = f(0)g(e), where we have ?, = ¢/ . = ¢'(e) /g(e), and the one in which w (6, e)

T. (M‘f, e’f) —p+ [e{;‘jeMRS% 5 — b MRS, B} M- (22)

w,e w,e T
can be written as w (6,¢e) = f (0) + g (¢), where we have (assuming f’ > 0) eﬁ’fe = %
% = efiw. On the other hand, if e%e > eﬁ,’e, it is possible for T, (Mg, ez) to exceed or fall

short of p. What matters is the relative size of erie / 651;7@ as compared to M RSﬁ/L /M RS%’ B
To interpret this result one should consider again whether or not, for a given (e, M, B)-bundle,
a mimicker differs from a low-ability agent in terms of marginal willingness to pay for education
(MW P,.). If such a difference exists, then the government has an incentive, for mimicking-
deterring purposes, to let T, (M Z,eg) deviate from p. More specifically, if MW P,. is higher
(resp.: lower) for a mimicker than for a low-ability agent, it will be desirable to set T (M ¢ ez)
at a level that is higher (resp.: lower) than p.

Without IM, both agents have the same consumption and therefore the same marginal util-
ity of consumption, v’ (chf) = (cz) = (BZ). Thus, if they also incur the same marginal
(effort) cost of acquiring education, a difference in their respective MW P, can only arise from
a difference in how a marginal increase in education affects their disutility of labor supply. For
a given (e, M, B)-bundle, this effect is given by

ov (M/w(0,e)) :1/< M ) M Ow(b,e)
Oe w(,e)) (w(h,e)* Oe

Hence, if eﬁfeM RS o > ef;’eM RS, 5 a mimicker’s marginal willingness to pay for educa-

= Mu' (B) MRS\ Béw,e- (23)

tion will exceed that of a low-ability agent, in which case it will be desirable to set T, (M ¢ ee) > p,
and vice versa for the case when ereM RS%, g < er’eM RSﬁ/[, - This is indeed the message pro-
vided by eq. (22).

Consider now the counterpart of (22) in the presence of IM. Assuming again that dy (6,€) /00 =

0, we have from eq. (17),

T, <M£, eé) = pt WN(;M) [Ihfef;{eMRS%B — 1'%l MRS, 5
T ) ) &

Given that part (i) of Lemma 2 implies that I" = M* + a" > M’ +a* = I' and " =
Bt +a" — 5 (a") > B+ a’ — o (a) = ¢!, by comparing (22) and (24) we can see that IM has

an ambiguous effect on the sign of T, (M£7 ee) —p.3

3 We must emphasize here that our discussion refers only to what the “tax rules” (22) and (24) suggest; it
does not refer to the final equilibrium “levels” of the marginal tax. The common variables appearing in the tax
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On one hand, given that I > I, the second term on the RHS of (24) is lowered compared
to the corresponding term in (22), and this makes it more likely that T, (Mé,eg) > p. To
interpret this result, observe that a marginal increase in education, raising an agent’s wage rate,
allows earning a given amount of income at a lower labor supply, and that the magnitude of this
labor-saving effect is increasing in the initial labor supply. With IM, the difference between the
labor supply of a low-ability type and of a mimicker does not only depend on the difference in
their wage rate but also on a difference in their earned income (for a given, common, reported
income). The fact that the earned income of a mimicker exceeds that of a low-ability type tends
to raise MW P2 above MW P...

On the other hand, the RHS of (24) contains a third term which takes a negative sign (under
the assumption that u” (¢) < 0) and which was absent in (22). This term, which depends on
the difference between the marginal utility of consumption of a high-ability mimicker and a
low-ability type, works in the direction of favoring T, (M Z,ef) < p. To interpret this result,
observe that the marginal willingness to pay for education is decreasing in the ratio W.
The fact that ¢® > ¢ implies that v’ (CM) < (cz). Therefore, under the assumption that
D¢ (0,¢e) /00 = 0, the marginal effort cost of acquiring education lowers MW P, to a smaller
extent than MW P

3.5 Income misreporting and distortion in educational attainment vis-a-vis
labor supply

The discussion above centered around distortions in labor supply and educational attainment vis-

a-vis consumption. An equally interesting perspective is to look at the distortion in educational

attainment vis-a-vis labor supply. The condition for optimal educational attainment versus

labor supply at a first-best allocation can be found through dividing laissez-faire condition (3)

by laissez-faire condition (2). This results in

w Oe v/

Low 0p/oe _ g? (25)

where the LHS of (25) shows the marginal rate of substitution between education and labor
supply, M RS,y
In what follows we will rely on condition (25) to evaluate if, and how, an optimal tax policy
distorts the educational attainment of an agent vis-a-vis his labor supply. More specifically, the
education acquired by type-j agents (with j = h, ¢) will be downward (resp.: upward) distorted if
ow(07,e7)  w(07,e7) 0p(607,e7)

it is the case that, at the solution to problem P1, we have that L/ —55— — V() 57— —DP>

(resp.: <)0.

formulas with and without IM assume different values in the two cases and do not allow a comparison between
tax levels. The distinction between “tax rules” and “tax levels” was introduced by Atkinson and Stern (1974) in
the context of the analysis of optimal provision of public goods in a first-best versus a second-best world.
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Before proceeding further, it is worth noticing that when T, (Mj ,el ) (as defined by the
RHS of (9)) is greater than zero, ¢/ could be downward distorted even when T, (M7, ¢’) (as
defined by the RHS of (10)) is smaller than p. In particular, ¢/ will remain downward distorted
as long as the inequality T, (Mj, ej) > [1 — Ty (Mj, ej)] p holds.!*

Proposition 2 provides our main results regarding the optimal distortion on e/ vis-a-vis L7.
Proposition 2 Under an optimal nonlinear tax schedule T (M, e):

(i) The amount of education acquired by high-ability agents is undistorted vis-a-vis labor sup-

ply;

(ii) For the low-ability agents, et is downward (resp.: upward) distorted vis-a-vis labor supply

if the following condition holds:
MRS™, — MRS’,, > (resp.: <)0, (26)

where, denoting w (Hg, eé) by w' and w (Gh, ee) by wh,

Oy (Ge, ee) wt

4 _ gt L
MRS@M = I Cw,e — el o (Lg)a (27)
Oy (9h eé) wh?
h{ _ he _ht ?
MRSGy = el =5y (28)

Proof. See Appendix A. m

The outcome in (i) is a direct consequence of the fact that there is no mimicking-deterring
motive to distort the choices of high-ability agents. According to Proposition 1, at an optimum
we have that Ty (Mh, eh) =0 and 7T, (Mh, eh) = p. Together, these two results trivially imply
that T, (Mh, eh) = [1 —Typ (Mh, eh)} p, i.e. that the educational attainment is undistorted for
high-ability agents.

To get an intuition for the result stated in (ii), suppose to start from an initial situation
where the (e, M, B)-bundle offered to low-ability agents satisfies the no-distortion condition
MRS’ = p.t® If it is the case that MRS", > (<) MRSY,,, introducing a small downward

e

(upward) distortion on e’ will entail a first-order utility loss on the high-ability mimicker, thereby

4 The no-distortion condition T (Mj, ej) = [1 —Tm (Mj, ej)} p can be easily interpreted when restated as
w (Gj,ej) [1 — T (Mj,eJ)] /T (Mj,ej) =w (Gj,ej) /p.

Taking into account that 7. (M 7, ej) represents the implicit marginal (pecuniary) cost of education for an agent
of ability j, the condition above states that, for a given ability-type and a given amount of education, the ratio
between the net marginal return of labor supply and the marginal (pecuniary) cost of education should be the
same as under laissez-faire. For example, under a linear income tax such a condition would be fulfilled when the
pecuniary costs of education are fully deductible from the income tax base (since this implies that education is
being subsidized at a rate that is equal to the marginal income-tax-rate).

15The marginal rate of substitution MRS?,, provides a measure of the required variation in M* that would
leave unchanged the utility of low-ability agents when e’ is marginally increased. The marginal rate of substitution
MRS, provides the corresponding amount for a high-ability mimicker.
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relaxing the binding self-selection constraint, while having only second-order effects on the utility
of low-ability agents and on the government’s budget constraint. Clearly, a downward distortion
is more likely to be desirable when the education elasticity of wage rate is increasing in ability
and the marginal effort-cost of acquiring education is decreasing in ability (with the reverse

directions for an upward distortion).

In order to evaluate the specific effects of IM, we again consider case (a) and case (b)

separately.
3.6 Case (a): dw(f,e) /00 =0

In Section 3.3 we have seen that, if wage conditional on education and IM-costs o (+) are both
type-independent, IM has no impact on the characterization of optimal marginal taxes on in-
comes and educational attainments. With or without IM we have that Tjs (M ¢ eé) = 0 and
T. (M* e*) > p (under the assumption that 9%p (6,e) /9edf < 0). This also means that, with
or without IM, the condition T (ME, 6£) > [1 — Ty (MZ, eﬁ)] p holds at an optimum, implying
that e is downward distorted. The same conclusion can be reached by evaluating the difference
MRS™, — MRS’,,. Based on part (i) and (iii) of Lemma 1 we have that, with or without IM,
Iéefme = Ihze%e. Moreover, given that w® = w"* and L* = L, the difference MRSQJ@—MRS;?M

boils down to

¢ oy (0° ey 0 (Hh e)
he ¢ _ W v (65, _op b,
MItSehs = MBSen = 7y [ Det Det

3.7 Case (b): ow(6,e) /00 >0
To make matters simpler, assume also dg (6, ¢) /00 = 0. Then, in the absence of IM, condition

(26) would become

14 he o 4
w w e . .
(eﬁfe — eﬁ]’e) M+ [v’ (L0 o ) %ie ) > 0 for a downward distortion,

< 0 for an upward distortion.  (30)

Notice that the sign of the expression on the LHS of (30) is unambiguously negative when

ehf, < €, (given that w' < wh, Lt = M*/w* > L" = M*/w", and v” > 0). Accordingly,

w,e —

education should be upward distorted for the low-ability agents even when efjfe = Eﬁue' This

result is reminiscent of a similar one obtained by Bovenberg and Jacobs (2005) and is driven

by the assumption that education entails both a resource- and an effort-cost.' As shown by

16Gee, in particular, eq. (42) on page 2022 of Bovenberg and Jacobs (2005). The result also hinges on the
assumption that the effort-cost of acquiring education and the effort cost of supplying labor in the market are
additively separable in the agents’ utility function.
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Maldonado (2008), in a setting without IM and where education entails only a pecuniary cost,
e! should be left undistorted when eﬁfe =¢ N7

w,e
With IM, condition (30) changes to

¢ he 7 9o (et
he _he €0 w w ¢ () . .
(I €we — 1 ew7e> + [v’ i) o ) 5o > 0 for a downward distortion,

< 0 for an upward distortion.  (31)

Comparing the first term on the LHS of (31) with the corresponding term in (30), we can see

that the possibility of IM tends to favor distorting downwards e’.

ht l :
we — €we (since

Whereas in (30) the sign of the first term only depends on the difference e
both a low-ability agent and a high-ability mimicker earn the same income), the fact that
" = M+ o™ > M+ o' = I' implies that the first term in (31) is still positive when

,}L‘U{e = eﬁj?e and can remain positive also when e}u‘fe < eﬁ]’e.

With respect to the second term in (30) and (31), notice that they are formally identical.
However, whereas in (30) we have that L' = M*/w’ and L" = M*/w", which necessarily
implies that L* > L" in (31) we have that L* = (M*+a’) /w’ and L" = (M’ + a"*) Jw".
Given that a™ > af, with IM one can no longer be sure that L' > L". Notwithstanding this
difference, the sign of the second term in (31) remains negative as it was the case for the second

term in (30).'®
3.8 An illustrative example

To elaborate more on the effects of IM, suppose that eﬁfe = Efu,e = ey, and v (L) = L?/2. The

LHS of (31) can then be rewritten as

ht 4
(I _I>€“”e+ ¢ T T nt del

(wé)Z (wh£)2] dp (62) ‘ (32)

Furthermore, assume that preferences are quasi-linear in consumption, so that v’ = s > 0 and
u"” = 0, and that o (a) = ka?/2, where k is a positive constant. The latter assumption allows
exploring how a change in the cost of IM, modeled as a variation in k, affects the two terms
appearing in (32).

Start with the difference 1™ — I¢ = a" — a® > 0. With u' = s we have that, for a given

'"Maldonado (2008) also shows that e should be downward distorted when eﬁfa > 62,6 and upward distorted

when eﬂfe < Efv,e' Noticing that 0 (whz/w‘]) /et = (eﬁfe - eﬁ,’e) wht/ (eewé), these results can be interpreted as

stating that e’ ought to be distorted only when the wage ratio w”/w’ is a function of e’.
'8To see this, notice that we can re-express the difference within square brackets in (31) as [MRS]@Bu’ (cg)] e

[MRSR;BU’ (chl)] ~!. Given that from Lemma 2 we know that MRS 5 > MRSh 5 and ¢f < ™ (since a > ae),

we can conclude that

—1 1

[MRS?V[Bu' (céﬂ — [MRS%BU, (cw)} < 0,

and therefore the sign of the second term in (31) remains negative.
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(¢!, M*, BY)-bundle, the optimality condition for a is

M +a
(1—ka)sx— —"—— =0,
[w (67, "))’

from which one obtains the explicit solution

ol = [w (ej’ef)]2%_ Me‘ (33)
1+ [w (67, ¢)]” sk

¢

Since we know that at an optimum T (Mz,eé) > 0, we have that a* > 0, and therefore

[w (HZ, ee)] 2 2—M* > 0. Moreover, since we know that o™ > af, we also have that [w (Qh, ez)] 2 n—
Mt > 0.1

Taking into account that, from eq. (33), we have

; 2 ; 2 .
oo _ @MY @O @
= =—a : )
Ok {1 [ (67.e0)]* sk} L+ [w (67,e1)]" ek
it follows that the derivative 0 (I he _ 1 5) /Ok is given by
he 1 he ¢ AVANE: ho V12
D1 o) [ @) @)
Ok Ok 1+[w (QE,eé)] »k 1+[w (Qh,eé)] »k

0\12
where the sign of the inequality follows from the fact that o’ < @ and the ratio m
w(6,e P

I" — I gets larger as IM becomes

is increasing in 6. Thus, according to eq. (35), the difference
easier (i.e., k goes down).

Now consider the difference (w€)2 JI¢ — (whe)2 JI" < 0 appearing in (32).2 For a given
(ef, M*, BY)-bundle we have that

o (6 - )
- = 2 gght 2 94t o ht of
r m _ [w (eh’eé)] 687 _ [w (eﬁ’eé)] 86719 _ 88k _ %T ) ( )
iz (a0

Noticing that from (33) we have that

B M+ oMt B (M£k+1)w(9h,eé)%

th — —
w @) "1 o (0]

, (37)

9Notice that, with u” = 0 and «' = s, an agent of ability j would choose to earn [w (9j7ez)]2 » when the
tax liability is only conditioned on the amount of acquired education and he is forced to acquire an amount
of education e’. When the tax is conditioned on both education and reported income, agents exploit IM to
adjust their labor supply and fill part of the gap between [w (6”',62)}2 s and M*. As shown by eq. (33), how
much of this gap is optimally filled depends on k. At the limit, if IM were costless, we have from eq. (33) that

klim+aj = {w (t9j,eé)]2 s — M*, in which case I’ = [w (677',@2)]2 », 1e., LY = xw (Gj,ee).
-0

2'With v (L) = L?/2 and v’ = s, we have that MRS%,z = L‘/ (%wl) =TI [(we)2%] and MRS¥ys =
LM/ (Gew™) = 1"/ [(wh[)Qz]. Therefore, the difference (wz)Q/I(Z - (wh‘e)Z/Ih[ can be re-expressed as

[(MR51{”3)71 - (MRSf/[B)fl] />, which is negative given that MRSS 5 — MRS! 5 > 0 according to part

(ii) of Lemma 2.
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and , , , .
Lé:M;i—a :(Mk—i-l)w(@,;)%’ (38)
w (6, et) 1+ [w (02,66)] ek

substituting (37)-(38) in (36), and using (34), gives

o _{[w(ﬁh,e)]Q%—M}[ ) 5 {1+ [w (0", €)]" ek}

(Lr)? (L {14 [w(0".0)] } [(1+M/<; (6", ¢) ]

{[w(ﬁﬁ, nw— M} %{1 )]2%k}2
{1+ [w (0", 6)) }2 (14 ME)w (8", ) 5]

[w(6",¢)]" - [wQ(f)’%e)]

(1+ Mk)

implying that, as IM becomes easier (k goes down), the difference (w€)2 /1~ (th)Q /1" becomes
smaller in absolute value.?!

We can then conclude that, as it becomes easier for agents to engage in IM, the first term in
(32) tends to get larger and the second term tends to become smaller in absolute value. Both

of these effects strengthen the case for downward distorting e’.

4 IM and linear consumption taxes

We have thus far neglected the possibility of using a consumption tax as an additional policy
instrument. In a setting without IM, a consumption tax would be redundant: with ¢* = ¢! = B¢
the introduction of a consumption tax (subsidy) would hurt (benefit) a high-ability mimicker
in the same way as it would hurt (benefit) a true low-ability type.?? With IM, however, a
consumption tax ceases to be redundant given the possibility that ¢! # ¢*. For this reason, we
will now evaluate how our previous qualitative results are affected if the government supplements
an optimal nonlinear tax with a consumption tax.

Denote the consumption tax rate by ¢ so that the consumer price of ¢ is 1+¢.23 Adding ¢ as

21 At the limit, when k approaches zero, the difference (wé)2 /I’Z — (wM)2 /IM approaches zero given that both
terms tend to 1/sc.

22More generally, relaxing our assumption of a single consumption good, we also know from the Atkinson-
Stiglitz (1976) theorem that (uniform or non-uniform) commodity taxation would be a redundant instrument,
in the absence of IM, as long as labor supply is weakly separable from the vector of consumption goods in the
individuals’ utility function.

23Given that we have normalized to 1 the producer price of ¢, t can equivalently be interpreted as a specific
or an ad valorem tax rate. Notice also that, since the consumer price of ¢ is 1 + ¢, it must be that t > —1.
The assumption of linear taxation is made for realism. It is justified by the idea that the tax administration has
information on anonymous transactions but not on the identity of the consumers. That is, the administration
does not observe who bought how much; it only observes the total sales of a commodity. While this is a common
approach in the optimal tax literature, it leaves aside the possibility that also consumption taxation is vulnerable
to evasion. Within an optimal tax framework, the consequences of commodity tax evasion have been investigated
by, among others, Usher (1986), Kaplow (1990) and Cremer and Gahvari (1993).
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an additional policy instrument, the government’s problem (hereafter, problem P2) becomes

Bf—i—ae—o(ae) Mt +at ,
max U —v| —FF—~ ] —¢ (9 , € )
et M?,BE eh M Bh ¢ 1+t w (6, et)

subject to

Bh+ah—o(ah) MM gl Won _
U( 1—|—t — v W —90(9,6)2‘/,
Bh+ah_0(ah) Mh+ah h _h

“( T+ “\w (@b, eh) e (o)
Be‘i_ahg_O_(ahe) ME—FOJM h

> u( 11¢ — v 7w(0h’e€) *@(976)7

T [M£B£+lt—|—t <B£+a£fa<aé)) peq

+(1—m) [Mh—Bh—i-1t+t<Bh+ah—a<ah))—peh} > R.

Denote the Lagrange multipliers associated with the first, second, and third constraint by &,
XA and p. The optimal values of e®, M" B" e, M¢ Bf t are determined by the first-order
conditions to this problem presented in Appendix B [equations (B1)—(B7)]. There, we prove the

following proposition.

Proposition 3 In a setting where the government supplements the optimal nonlinear taxT (M, e)
with a linear consumption tazx, the consumption tax rate t is

(1) a redundant instrument if Ow (0, ¢e) /00 = 0.

(1) strictly positive if Ow (6,€) /00 > 0.

Proof. See Appendix B. =
The results follow from the characterization of the optimal value of ¢ that we provide in the

proof of Proposition 3. There, we show that
Y (ch) Y.

Hoowl— o (@) (% + ) + (1= m) [1 = o' ()] (%" + aet)

(39)

and we also prove that the denominator of the expression for ¢ is negative, so that sign (t) =
sign (CM — cg), and that Lemmas 1 and 2 remain valid when the set of policy instruments
includes t. With ¢ = ¢/ when ow (6,e) /00 = 0, eq. (39) implies that ¢ = 0: consumption
taxation is a redundant instrument. On the other hand, when dw (0, ¢) /00 > 0, c** > ¢ and
t > 0. Contrary to the traditional result when there is no IM, optimal general income-education

taxation benefits from being supplemented by consumption taxation.

20



That ¢ = 0 when Ow (0, ¢e) /00 = 0 and ¢ > 0 when Jw (0, e) /00 > 0 comes from the effect of
t on the self-selection constraint faced by the government in designing the nonlinear tax T' (M, e).
Whereas in the former case, the introduction of ¢ does not relax this self-selection constraint,
it does so in the latter case. To see this, consider the following perturbation. Starting from a
pre-reform equilibrium where ¢ = 0, raise ¢ by d¢t > 0 while at the same time adjust B’ (for
j = 4,h) by dBJ = c/dt. Observe first that, by construction, the reform is welfare-neutral for
low-skilled agents and for high-skilled agents (when not behaving as mimickers).?*

Second, the reform has no effect on the government’s budget. On the one hand, the upward

adjustment of B’ changes tax revenue by

—ndB* — (1 —7)dB"
prr {ue [ o ()] S s+ - m s {e [ o ()] e L

which is equal to — [7704 +(1—mn) ch] dt at the pre-reform equilibrium where ¢ = 0, given that

dB’ = ¢/dt. On the other hand, the increase in ¢ changes revenue by

e (¢t i-o () B a-m e o oo ()] S o

which is equal to [TI'CE +(1—m) ch] dt at the pre-reform equilibrium where ¢ = 0.
Third, what is left to consider is the effect of the reform on the utility of a high-skilled agent

behaving as a mimicker. This effect is given by

duht duht duht , auh*
dUM™ = == _ 4Bt + = dt = = )dt=
u dB* Ta < Bt ‘ ¢+ dt >
4 4 V4
u (Ch )Ce B u (Ch )ChZ di — u (Ch ) (Ce B Che) dt,
1+t 1+t 1+t

which is equal to (cZ — ché) u’ (chg) dt at the pre-reform equilibrium where ¢t = 0. Thus, if
et — M =0= dU" = 0. On the other hand, ¢! — " < 0 = dU" < 0 so that the reform has
a detrimental effect on a mimicker’s utility. This eases the self-selection constraint faced by the
government in the design of the redistributive tax policy.

The expression for ¢ in eq. (39) can thus be interpreted as providing the value of ¢ that
strikes an optimal balance between the mimicking-deterring effects of a marginal compensated
increase in t (i.e., a marginal increase in ¢ which is accompanied by adjusting upwards B/, for
j ={,h, by dB = ¢/dt) and the revenue losses due to the behavioral responses on a’/ (which

shrink the aggregate consumption-tax base).

4.1 Consumption taxation and the properties of 7' (M, e)

Having shown that IM creates a role for consumption taxation when dw (0, ¢e) /00 > 0, it will

be interesting to evaluate how such a tax affects the features of the accompanying tax 7' (M, e).

*'Given that dU?/dB’ = v’ () /(1+t) and dU?/dt = —u' (/) ¢/ (1+1), we have that dU’ = 0 when
dB7 = cdt.
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For space considerations, we will concentrate only on the subject of optimal marginal income
taxes which is widely studied in the literature. Nevertheless, we will later also discuss the effects
of consumption taxation on the distortion of educational attainment vis-a-vis labor supply.

Proposition 4 below presents our results relating to the optimal marginal income tax rates.

Proposition 4 Assume that Ow (0, ¢e) /00 > 0 and that a nonlinear taxz T (M, e) is supplemented
by a consumption tax levied at rate t. At an optimum, the implicit marginal tax rates on reported

incomes are given by:

t da™ da™
Tos (Mh7eh> = 153 {MRS]’QB + [1 o (ah)} (dz\afh + MRS]’@Bd;»} <0, (41)
! (che) 1
e ¢y . AMwier) 1o ¢ he
Tos (M ,e> = T (MRSMB MRSMB)
t Y ’ ¢ dae Y daf
- {MRSMB—I— [1—0 (a )} (def + MRSyp o ) o (42)
where ‘ ‘
MRS’ 1o’ ()] (9% 4 st %) S = ht 43
MB+[_U(G)] de+ MBdBj > U, fOT’j— y L ( )

Proof. See Appendix B. m

To interpret eq. (41), recall that there are no mimicking-deterring reasons to distort the
bundle offered to high-ability agents. Therefore, for a given value of ¢, the bundle (e”, M", B")
should be chosen in such a way that it maximizes the revenue collected from high-ability agents
while at the same time allowing them to achieve the utility target V set in problem P2. This
is precisely the message provided by (41). To see this, suppose to start from a supposedly
optimal equilibrium where high-ability agents are offered the bundle (e”, M" B"), and consider
the effects of a small perturbation that raises M" and B" by, respectively, dM" and dB" =
M RS]’\Z/[ gdM h. The reform has no impact on the binding self-selection constraint: for high-
ability agents not behaving as mimickers the reform is welfare neutral by construction; for high-
ability mimickers the reform is welfare-neutral because the (ef, M*, BY)-bundle did not change
(and for the same reason it has no impact on low-ability agents). What the reform does is to
change the high-ability agent’s consumption level, ¢" = (B" +a" — o (a")) /(1 +1t), and the
tax revenue collected from him, M" — B" + (B" + a" — o (a")) ¢/ (1 + t). Consumption changes
by dc and consumption-tax revenue by tdc, where

MRS}y + [1 =o' ()] (5 + MRS 827

dc = w dmh, (44)

with the first term on the RHS of (44) capturing the direct effect of an increase in B" and the

second term capturing the behavioral effect of the reform, working through a change in a”.
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Therefore, denoting by AR the total effect of the reform on government’s revenue, we have
that
MRSy g+ [1 -0 (a")] <th + MRSMBch>
1+¢

AR={1—-MRSY+1 dM".  (45)

Given that condition (11) also applies to a setting where the tax function T' (M, e) is supple-
mented with a linear consumption tax (see Appendix B), eq. (45) can be equivalently restated

as

MRS}y + [1- o' (a)] (s + MRS} 355 )
1+t

AR = Ty (M",e") + ¢ dM".  (46)
If it turns out that AR # 0, we would necessarily have to conclude that the initial (e, M", B")-
bundle had been chosen suboptimally. If AR > 0 the suggested reform would allow the gov-
ernment to raise more revenue without prejudice for the utility of low- and high-ability agents,
and without violating the self-selection constraint. If AR < 0 the same outcome would be
achieved by changing the direction of the reform (dM”" < 0). Thus, eq. (41) tells us that, if the
(e, M", B")-bundle is chosen optimally (for given t), a small perturbation of the kind that we
have considered would leave unaffected the total revenue collected from high-ability agents.
Furthermore, notice that the perturbation that we have analyzed leads to an increase in
the consumption-tax revenue collected from high-ability agents. This is because ¢ > 0 at an
optimum and since (43) ensures that dc”, as given by (44), is greater than zero. Thus, in order
to get AR = 0 in (46), it must be that Ty, (Mh,eh) < 0: high-ability agents should face a
negative marginal tax rate on reported income. This is meant to let them fully internalize
the positive fiscal externality (on consumption-tax revenue) stemming from a marginal increase
in M". Tt is worth noticing, however, that IM dampens the magnitude of the positive fiscal
externality that we have discussed. This is due to the fact that, as we show in the Appendix B,
the term [1 — o’ (a")] (

) in (44) is negative. Recall that this term captures
the behavioral response, through an adjustment in a”, to the reform. Hence, while the envisaged
reform has an overall positive effect on the revenue collected from high-ability agents through
consumption taxation, the response along the IM-margin dampens this effect.

Turning to Ts (MZ, ee), the second term on the RHS of (42) has the same structure (and
sign) as the term appearing on the RHS of (41), and it admits a similar interpretation. It
represents the opposite of the increase in the consumption-tax revenue that would be collected
from low-ability agents if they were induced to marginally increase their reported income along an

indifference curve in the (M, B)-space (for given ef).2> Given that, from Lemma 2, the first term

25 Also in this case, albeit the sum MRS 5 + [1 -0’ (aé)} ( + MRS% 5 ng) is greater than zero, the

dl\li

dm?
revenue is dampened by the behavioral response along the IM-margin.

component [1 -0 (az)] ( + MRS, 5 de) is smaller than zero. Hence, the increase in consumption-tax-
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on the RHS of (42) is positive, the sign of Ty (ME, 66) remains ambiguous. Nevertheless, the
takeaway message from (42) is that fiscal externality considerations warrant to lower Ty (M ¢ ee)

below the value that would be optimal based solely on self-selection considerations.

4.2 Consumption taxation and distortion in educational attainment

We now turn attention to how consumption taxation affects the optimal distortions on e’ and

e/, Recall from Section 3.5 that, for any given type of agent, education is distorted with respect
j Ow? wl 8g0<¢9j ,ej)

Oed v/ (LY) OeJ

to labor supply when L —p # 0. The next proposition summarizes the

main results about the optimal distortions on e’.

Proposition 5 Assume that Ow (0, ¢e) /00 > 0 and that a nonlinear taxz T (M, e) is supplemented
by a consumption tax levied at rate t. At an optimum:

(i) The amount of education acquired by high-ability agents is distorted upwards. In partic-
ular, we have that

h@wh_ wh &p(Hh,eh)_ ot o da” dah
L e o' (L7 Oeh po= 1—|—t[1 "(“ )} deh+MRSeMth <0

(47)

(ii) For low-ability agents, the distortion on e has, in general, an ambiguous direction. In

particular, we have that

It ow’ wt Oy (93, ee)

(965 V(LY oel P
v (L") he ¢ t (0] (daf ¢ da
pr wht (MRseM B MRS@M) 1+t [1 —C (a )} (M MRS MdM€>
(48)
(iii) For both types,
do’ MRST, 27 S0 = . 19
dor T MBS > 0 9= (49)

Proof. See Appendix B. m

To interpret eq. (47) we can rely on an approach that is similar to the one used in Section
4.1. Suppose the government changes the high-ability agents’ initial (e”, M" B")-bundle via
increasing e” by de” while simultaneously adjusting M" in a manner that keeps their utility
unaffected. This can be achieved by setting dM" = MRS" Mde (while keeping B" at its
initial value). Notice that the reform has no impact on the binding self-selection constraint:
for high-ability agents not behaving as mimickers the reform is welfare neutral by construction;
for high-ability mimickers the reform is welfare-neutral because the (e, M*, Bf)-bundle did not

change (and for the same reason it has no impact on low-ability agents). What the reform does
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h

is to induce the high-ability agents to increase their a” as seen from (49), which in turn increases

their consumption ¢ = (B" 4+ a" — o (a”)) / (1 4+ t) by dc", where

1—o (a® - + MRS -
P Ll Gl (f’H MdM'>deh >0, (50)

with the RHS of (50) capturing the behavioral effect of the reform, which is due to a change in
the optimal amount of IM.

Therefore, denoting by AR the total effect of the reform on government’s revenue, we have

[1 — o' (ah)] (% + MRSQM%)

AR={ MRS, —p+t T de”, (51)
. ) ) h _h
or equivalently, given that M RS",, = L" Ogé’,i — U,l(UL’h) %a

/ h dal
B h@wh w cp(@h,e ) B [1_0 (“ )] ( +MRSeMth) "
AR= IS5~ P+t T deh. (52)

Observe that the proposed reform has a positive impact on the revenue collected from con-
sumption taxation. This is because ¢ > 0 at an optimum, and since dc”, as given by (50), is

26 Notice also that, if education was undistorted (vis-a-vis labor supply) at

greater than zero.
the initial (e®, M", B")-bundle, the extra cost for education (pde”), paid for by the government,
would be exactly matched by the increase in revenue (dM") collected through the nonlinear
tax T' (M, e). Thus, leaving education undistorted for high-ability agents would not be revenue-
maximizing for the government. The result stated in (47) can then be interpreted in Pigouvian
terms: an upward distortion on e” is justified as a way to internalize the fiscal externality (on
consumption-tax-revenue) associated with the type of reform that we have described.

Consider next eq. (48) pertaining to low-ability agents. The first term on its RHS reflects
mimicking-deterring considerations. Its sign coincides with that of M RSQJQ - M RSﬁ - In
the absence of consumption taxation, the sign of this difference is the sole determinant of the
direction of the optimal distortion on e’ (see part (ii) of Proposition 2): when MRS, —
M RSﬁ v >0, e’ should be downward distorted and when MRS gf/f - M RSﬁ v <0, e’ should be
upward distorted.

The effect of consumption taxation manifests itself in the second term on the RHS of (48).

4

This term, which favors an upward distortion on e*, captures fiscal-externality considerations

of the same kind that we have previously discussed when analyzing eq. (47). It represents

20In the Appendix B we show that condition (11) applies also to a setting where the tax function T (M, e)
is supplemented with a linear consumption tax. Therefore, from (41) we can conclude that 1 — o’ (ah) > 0.
Exploiting the results stated by (49), and since t > 0, it then follows that dc”, as given by the RHS of (50), is
positive.
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the opposite of the increase in the consumption-tax revenue that would be collected from low-
ability agents if they were induced to marginally increase e/ along an indifference curve in
the (e, M)-space (for given Bf). Hence, whereas mimicking-deterring considerations warrant
a downward distortion on e, the fiscal-externality considerations exert a countervailing effect.
On the other hand, when mimicking-deterring considerations warrant an upward distortion on
e!, the distortion is further magnified by the fiscal-externality considerations associated with

consumption taxation.

5 An alternative specification of the wage function

In our analysis we have assumed that e, the amount of education acquired by an agent, is at the
same time the sole endogenous variable that determines both an individual’s labor productivity
(through the function w (6,€)) and his/her effort cost (through the function ¢ (6,¢)). Alter-
natively, one could have explicitly distinguished between, on one hand, the level of education
achieved by an agent and, on the other, his/her learning effort in acquiring education. For
instance, denoting by e the level of education and by z the learning effort exerted by an agent,

we could have assumed that under laissez-faire agents choose e, z and L to maximize
U:U(W(G,S,Z)L—pe)—v([/)—SO(Q,Z), (53)

with the function w (0, e, z) possessing the following properties:

ow(b,e, z) >0 ow(b,e, z) -0 and ow(b,e, z)

0 =" oe 0.

Under this formulation, a realistic informational assumption would be that e, but not z, is
observable by the government at the individual level; put differently, educational investments
are publicly observable only partially and the government is restricted to a nonlinear function
T (M, e).2" Notice that in this case, by virtue of the envelope theorem (for any given (e, M, B)-
bundle agents always choose optimally z), the relevant condition to assess whether e is distorted
(with respect to labor supply) becomes L7 %—p # 0 or, equivalently, (I J e{u,e /el ) —p #£ 0.

As we show in the Appendix C, the model that we have considered in the previous sections
can be reinterpreted as implicitly assuming that e and z are perfect complements. However, it is
worth pointing out that relaxing this assumption and allowing for some degree of substitutability
between e and z would not affect our qualitative results. If anything, it would strengthen them,
especially the result that IM favors downward distorting €.

To illustrate this point, we will here consider the case when ability only affects an agent’s

effort cost of acquiring education (i.e., Ow/00 = 0 and O/ < 0). Remember that in Section

27See, e.g., Kapicka and Neira (2019) for a model where human capital investments are only partially observable
by the planner.
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3 we have shown that, when w = w (e), IM has no bite on the direction of the optimal distortion
on e‘. With or without IM, a nonlinear tax on education is the only instrument needed by the
government and e’ should be downward distorted. Assuming instead that w = w (e, 2), we get
that, for a given (e, M, B)-bundle, 2" > 2¢;?% therefore, despite the fact that by assumption the
wage function does not depend on 6, we obtain that w* > w’. This implies two consequences.

First, it makes no longer redundant to condition the tax liability also on (reported) income
ht

(besides on e). Second, €, is not necessarily equal to efv’e. In a setting without IM, e’ should

ht

be downward- or upward distorted depending on whether €, is, respectively, larger or smaller

than efu’e. With IM the condition for downward distorting e’ becomes I Me%e > 1 Zefij’e, and

since one can show that a™* > af, it follows that I" > I*. To fix ideas, the following Proposition

considers the special case when the function w (e, z) is Cobb-Douglas.

Proposition 6 Assume that the function w (e, z) is Cobb-Douglas. Under an optimal nonlinear
tax T (M,e) we have that:

(i) In a setting without IM, e’ should be left undistorted;

(i3) In a setting with IM, e* should be downward distorted.

Proof. See the Appendix C. =

6 Concluding remarks

Within a Mirrleesian optimal tax framework, we have studied the joint design of nonlinear
income- and education taxes in a two-type model where an agent’s ability-type affects both
the (effort) costs and the (pecuniary) benefits of acquiring education. Following several earlier
contributions on this topic, we have assumed that educational choices are publicly observable
at the individual level; however, we departed from the previous literature by allowing for the
possibility that agents conceal part of their earned income for tax purposes.

Using the riskless approach of Usher (1986) to model IM, we have characterized the properties
of an informationally constrained Pareto-efficient tax policy, focusing on the so called “normal”
case where the direction of redistribution goes from the high- to the low-ability type. We have
shown that, when an agent’s productivity depends only indirectly on his type (i.e., it depends on
the individual’s type only through the education level chosen by the agent), IM does not affect
the qualitative properties of an optimal tax policy. Whether or not earned income is perfectly
observable at the individual level, all agents face a zero marginal income tax rate and education
is downward distorted for low-ability agents (while it is left undistorted for high-ability agents).
A simple intuition for this result comes from the observation that, when the individual hidden

characteristic only affects a person’s cost of attaining a given education level, a nonlinear tax

28Gee the Appendix.
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on education is all that the government needs to control. In particular, even if IM were not
an issue, conditioning the tax liability also on earned income would serve no purpose once an
optimal nonlinear tax on education is in place.

When an agent’s productivity depends, at least partly, directly on his type (i.e., when an
agent’s productivity remains type-dependent even when keeping education fixed), the results
are different. IM does not affect the results about the sign of the marginal income tax rate
faced by low-ability agents, which should be positive, and high-ability agents, which should be
zero. It also leaves unscathed the result that education should be undistorted for high-ability
agents. However, compared with a setting where earned income is perfectly observed by the
government at the individual level, the case for a downward distortion on the educational choice
of low-ability agents is strengthened.

An interesting result that emerges from our study is our finding that IM opens up an avenue
for the usefulness of consumption taxation (as long as the productivity of agents depends directly
on their types). The reason for it is that with the agents’ productivity depending directly on
their types, a high-ability mimicker and a low-ability agent differ in the amount of income that
they earn, despite the fact that both of them report the same amount to the tax authority.
In particular, a high-ability mimicker earns more than a low-ability agent, and therefore can
afford a higher consumption. As a consequence, a linear consumption tax imposes a heavier
burden on a mimicker than on a low-ability type, and it can be used to soften the binding self-
selection constraint faced by the government. Obviously, the same logic implies that consumption
taxation would also be welfare-enhancing in a generalized version of our model with several
consumption goods. But in such a generalized version we would also obtain a violation of the
celebrated Atkinson-Stiglitz (1976) result. Despite the assumption of separability between labor
and consumption in the individuals’ utility function, differentiated commodity taxation would
be a valuable policy instrument (unless the subutility of consumption is homothetic).

The imposition of a linear consumption tax changes the nature of optimal marginal taxes. Its
presence implies that any reform of the nonlinear tax on education and reported income that is
welfare-neutral for either agent has behavioral effects for that agent (operating via adjustments
in IM and thus labor supply). In turn, these effects have an impact on the revenue collected via
consumption-taxation. Given that the optimal consumption tax rate is positive, to internalize
these fiscal externalities, we show that it becomes desirable to let high-ability agents face a
negative marginal tax on reported income and also distort upwards their educational choice. For
low-ability agents, the same fiscal-externality considerations imply a moderating effect on the
optimal marginal tax on reported income. They also imply a mitigating effect on the tendency,
attributable to the possibility of IM, to warrant a downward distortion on the educational choice

of low-ability individuals.
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The bulk of our analysis has been conducted under the assumption that education is a uni-
dimensional variable that is publicly observable at the individual level. This assumption was
relaxed in a final section where we modified the wage function in order to capture the multi-
dimensional nature of human capital investments and allow for the possibility that they are
not fully observable by the government. We have highlighted that our qualitative results, and
especially the fact that IM strengthens the case for downward distorting the education acquired

by low-ability agents, are robust to these modifications of the model assumptions.
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Appendix A

Proof of Proposition 1 The first-order conditions of the government’s problem are:
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From the first-order conditions pertaining to M", " and B" (eqs. (A4)-(A6)) we get:
h ah

1 UI (ujj‘/(IGJEh)) O

Cw (6", eh) ! (ch)
Lh 8w(€h,eh) " (Lh) a@(eh’eh)

Oeh .
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(A1)

(A2)

(A3)

which imply, from (9)-(10), that Th, (Mh, eh) =0and T, (Mh, eh) = p and therefore, from (11),

ah =0.
From the eq. (A1) and eq. (A3), pertaining to the low-skilled, we get

o Mtyat v Mtyat o Mtyalt
| w(@e,ef) A/ (chg) w(@e,ee) w(@h,e[)
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from which, by using (9), we obtain (16).
We also get (from egs. (A2)-(A3)):
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or equivalently
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which can be rewritten as
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From (A8) one obtains (17) by using (10).

Proof of Lemma 1 Part (i). For a given (e, M, B)-bundle, the first-order condition (7) for

an optimal choice of a can be rewritten as

o' M+a
[1—gf(a)]u’(B+a—0(a))—11&&(3)):0. (A9)

It is clear from above that if w is independent of 8, the choice of a will also be independent of

6. This implies that a’ = a".

Part (ii). If wage depends only on education, from (13)-(14), we have

¢ () /()

w(et w(el

‘0 _ he

MESus = e B+ o — o @) ™ M NE = (B = o @)

The equality a’ = a then implies that M RS% g=M RS@ B

Part (iii). This follows from the definitions of efffe = ¢!, in (18).
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Proof of Lemma 2 Part (i). Totally differentiating eq. (A9) gives:
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Moreover, from the second-order condition of the individual optimization problem, we know

that the denominator of the term on the RHS of (A10) is positive; i.e.,

[:/(/9(13]2 +0" (@) (c) = [1 -0 (a)]2 u” (c) > 0. (A11)

It then immediately follows from (A10), (All), and v’'(-) > 0,v”(-) > 0 assumptions that
ow (,e) /00 >0 = da/dh > 0, so that a™* > a’.

Part (ii). For any given (e, M, B)-bundle, we have

o [ Mtat o [ Mtaht
MRS, — MRS",, = w(0) - G (A12)
MB T TEEME Ty (@ ) (B +af — o (ah)  w (0% e)u (B +ahl — o (ah))’

< M+a

v 1 M+a
so that M RSY, 5 — MRS}, is of opposite sign to O (W) /00. Differentiating — M

with respect to 6 results in

a0
94 4,(9,e)— (M—+a) 2280-¢)
w(f,e)u () [do weoy? |V {awa(e ! +w (6, €)1 — o (a)] Zgu"}v/ B
[w (6, €) v’ ()] [w (8, €) w (c)]
(M+a) 2200:9) ow(0,e)
W' —w (0.0 [1 = o' @)u da WOV T T
[w (8, e)w (c))? o [w (6, €) v’ ()] '
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Substituting (A10) into (A13) yields

8 (wij::)/) " , dw(8,e)
w(f.e)u " —w(0,e) [1 -0 (a)]u" [Lo” + 0] (w(gf)e))2
06 [w (0, e) uw]? o (9”6)]2 +o"(@)w —[1 -0 (a) v
M+a //

Cweg? T ow (o, €)
[w(,e)w]> 00

Rearranging the above equation, we have

2 v 7 / 1 ’ 2 n ’ (vug(z}zj;)l)>
|:[(+U (a)u' — [1 -0 (a)] ]

[ U/] w 0,6)]2 U 80 =
uv" —w(f,e)[1 —o (a)]u"v ., 5 0w(b,e)
(w(0,0)) ]
v’ " / / 2 " ow (07 e) /
_[W+a (a)u—[l—a(a)] ][L + ]Tu,

or equivalently, simplifying terms,

o (v’(i‘@:&))
n2 v” " / ’ 2 v
[w(6,e)v] [W+J (a)u' — [1 -0’ (a)] u]@@

{ [1-o (a)]Q J — [1 ;‘Z;fg]jﬂv/ — " (a) u’} [Lv" + 0] aw(g? e)u/. (A14)

Now, from (9) and (11), we have v'/wu’ = 1 — ¢’. This allows us to rewrite (A14) as

u

2 v 9 w(f,e)u’
[w (076) u/] |: +U” (a) u' — [1 —0' (a)] "] N @ 7

[w (6, )] 090
/ " ’ " " / " n Ow(b,e) ,
{[1—0(@)]2u —[1—o(a)}2u -0 (a)u}[l}v +v](§6)u,

or equivalently, simplifying terms,

9 m
" ) w(6,e)u’
o 0.0 [ o @ = [ @] S
Ow(0,¢)

— [Lv" + ] 0 (a).

(A15)

It then follows from (A15), (A1l), and o' (-) > 0,v”(-) > 0,0”(-) > 0 assumptions, that

v M+a
0 <<(Z(zz),)> /00 and Ow (0,¢) /00 are of opposite signs. Consequently, M RS%,; — MRS¥ .

and Ow (0, ¢e) /00 are of the same sign, so that dw (0,¢) /90 >0 = MRS,z — MRS}, > 0.
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Proof of Proposition 2 Dividing (A5) by (A4), and multiplying both sides of the resulting
equation by (1 — 7) p yields

h h Ow(@h,eh) bR
S ) s

w Qh,eh) w(6" el e

(w(2)) ) (1= m)p = (1— ) p.

w(Gh,eh)
w(@h,eh)

Simplifying and collecting terms gives

h _h h h
(a4 o) G () P

w@ e ()
v w(Qh,eh)
Lh@w (Hh,eh) B whde (Hh,eh) /el o= 0
deh v’ (LP) '

Dividing (A2) by (A1), and multiplying both sides of the resulting equation by the RHS of
(A1) gives

ow (6.t
(M*+at) (aeee )U/ < M+al > _oe(08ef) [ <M5+ahf>

@) " \e@e) o7 w7 )
'l)/( MElat ) w (eh ef) + ,u’ﬂ- =
w(@z,eé) ’
S
o 9}1 Y4
(M* + ah*) 711}(86[6 ) [ M+ o Iy (Gh, et)
2 B - ] + pp-
W)’ )T
Rearranging and collecting terms, one can rewrite the above equation as
(M* + at) ow(0'ef) (6%, ¢") ap(0%,e)
o e’ . ’ et —p| =
w (96, et) ot [ Mtta
w(GZ,ez)
V' (Mét‘“f) [ (e o ney 0w(0"ef) 0 ey dw(0%e’)
w@) ) | (M +a") =5 (M +af) —5— .
w (Qh, et) w (Gh, el) w (03, el)
o' (W) [ 0 0p(0%e) b oy 9e(0met)
\ w(@’,el) w(@,e)T_w(G,e)T
w (Qh, ez) o [ Mt o [ Metar
L w(@f,eg) w(@h,eé)
Dividing both sides by um gives:
¢ ¢ 90(6" ")
éﬁw(e,ez) W e
det v (LF)
he 0 9¢(0" %) hedp(0" ef)
A (Z") Theeht _ptt W—ger W del
pm wht e wie v’ (LY) v (L)
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Appendix B

Proof of Proposition 3 The first-order conditions of the government’s problem are given by
o 96’ 4
(ME + az) w(ae; ) [ M+ at B Op (Gg,eé)
(w (6, ) w (6, et) et
) eh7 14
_ {(Mé + a"t) 71”(8&6 ) o (Mﬁ + ah£> Dp (0", eg)]

(w (6", 1)) w (0", ¢) Oe!
v fp - (1o (o) 221 B1)
o u]}\/[éj:; o fei_i};e y
5(0(5766))> =\ 5(;2’6Z5> +M7T{1+1t+t [1 o' (agﬂ ddMZ}’ (B2)
u' (cf u (M ) a
1S-t):)\1-(|—t)+u { 71%%71%&{1* (“Z)LCZZBZ}’ (B3)
M" ah)w , h 4 qh dp (6", e
(6+X) |:( (;(eh’eh)g)’? v (I]Uw(e::eh)> N SD(aeh )
= a-mufo- o ()] 5 ) (B4)
1 Mhrta®
U\ (@) ) ah
(5+)\)Wu(lﬂ){l+lit[la(ah>} dth}7 (B5)
5 u (c ) o
(Jrf)ﬂ():uu—w){l—lit—ltﬂﬁ—a (ah)};lm}, (B6)
clu (ct P! (P P! (Mt
a 1+(t)_<5+”\) 1+(t) 1+(t !
al , ah
—H”Tl—li—t {C€+t [1 — o (af)} ddt} + (1 _ﬂ)l—li—t {ch_|_t [1 —0 (ah)} ddt}
= 0. (B7)

Equations (B1)-(B7) determine the optimal values of e/, M*¢, B¢, e, M" B", and t.

To derive an expression for ¢, start with multiplying both sides of (B3) by ¢. This gives

' () ;A ("), ’ t t , [ \] dat
T+¢ ¢~ T14g CTHTC {1_1+t_1+t[1_0(a>}dﬁ}' (BS)

Then multiply both sides of (B6) by ¢ to get

O g p-me 1 - o ()] a ) @)



u! CZ u! ch
Substituting for 1<+ t> c’ and % in (B7) the expressions provided by (B8) and (B9) results

in

e {ce rt[i-o' (a!)] Cgf} (- m) {ch st[1-o' (a)] {;;”’}
< e i o ()
it {1 o ()] e
Simplifying and rearranging terms one obtains
e () (¢ )
— wtfi-o (of)] (iﬁ i jB) Fa—mti-o (a)] (ddt i jB) ,

from which one gets the result stated in eq. (39).

The properties of T' (M, e) that implements the optimal values of et, Mt Bt eh MM B" are
then found as follows. Faced with T'(M,e), or alternatively B (M,e) = M — T (M,e), and a
given value for ¢, an agent solves the following maximization problem

g () e (Ga) e

The associated first order conditions are:

1—TM ’ v’

—-—— =0 B10

1+t " w ’ (B10)
-T. , (M+a)ow/de , 0Op

e B11

1+t + w2 YT e 0, (B11)
1-0o ,

-—— = 0. B12

l—i-tu w (B12)

From (B10)-(B11), we can derive the following implicit characterizations for the marginal tax

rates Thy = 0T (M, e) JOM and T, = 0T (M, e) /Oe:

!/
Ty = aT(S%’ ) - O;ﬁ?” : (B13)
I oT (M, e) _ (M+a)8w/ﬁev,0g0} 1+t _ <L8wv,8<p> 1+¢
c Oe w? Oe| w Oe Oe ) '
(B14)

Notice also that, combining (B10) and (B12), one gets that

Ty =o' (B15)
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Next define the marginal rate of substitution between M and B, denoted by M RSy p, for an

agent choosing a given (e, M, B)-bundle. Since for a given (e, M, B)-bundle an agent’s indirect

max u (W) _y (W) — o (0,¢), (B16)

the agent’s (conditional) indirect utility is given by

B+a1*;to(a*)> _ (f(;j» —p(8,e),

where a* denotes the value for a that solves the problem (B16). By invoking the envelope

utility is given by

V (e, M, B,t;0) :u<

of ((MAa* . .
theorem, we have that g—]\‘fl = —ms)) and g—g = l%rtu' (Bﬂzlfff(av Thus, we can define
MRSMB as
M+a*
AV (e, M, B,:0) 0V (e, M, B, t;0) (1 +1) (w(Z,e))
MRSMB = — M / 9B = Bta®—o(a®) . (B17)
w (0, e)u’ (T)
Based on (B17) we introduce the following notation:
! MI4al )
y _ <1+t)'l) (w(ej,ej)> B (1—'—7‘:)’0/ (LJ) o
MRSy = i@ w(é’j ej) o (o)) for j = h, ¥4, (B18)
w (9 ,eJ) U <17+t) )
1+t)o <M£+ahe )
I (L8| ren QA+ (L) (B19)
MB — Bl +aht—g(aht) o oF et ! (cht)’
w(ﬁh,ef)u’<1+t) w (0", ) u’ ()

We now prove that the denominator of the expression for ¢ in eq. (39) is negative so that
sign (t) = sign (c" — ¢%). To this end, first observe that, from (B13) and (B15), and the fact
that ¢ > —1, we have 1 — ¢’ > 0. Next, rewrite (B12) as (14+¢)v' = (1 — ') wu'; totally

differentiating this expression gives

da v+ (1 =o' )wu"c/(1+1t)

— = - - - - , (B20)
dt (H—;})U - (1—01_?_2;1)” + wu'c!
d 1—-o "1+t
dla3 - (m)( " U(l) w};/(" - <0 (B21)
v —0 wu
= T + wu'o”

It follows from (B20)—(B21) that

da N da v <0
I TRC— — " _ 2 1" ?
dt aB (1-:5])” @ Ul-i—twu + wulo"

which proves that the denominator of the expression on the RHS of (39) is negative.
To complete the proof, we show below that Lemma 1 and Lemma 2 remain valid in this

setting. We do this separately for the two lemmas following the same steps we took there:
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Lemma 1 in which Ow/00 = 0. First, for a given ¢ and a given (e, M, B)-bundle, an agent’s

optimal choice for a satisfies the first order condition

M+a B+a—o(a)
1 "N = 1—-0 N =—2. B22
e (28 ) —w.o [1- o @]« (P (522
It is clear from above that if w is independent of 8, the choice of a will also be independent of

6. This implies that a’ = a".

Second, it follows from (B18)-(B19) that, with a" = a® (which implies L" = L M = ¢
and w independent of 6, MRS, 5 = MRSk,

Third, the result continues to hold from definitions of e%e = Eﬁ;,e in (18).

Lemma 2 in which Ow (0,e) /06 > 0. To prove the validity of the first result of this Lemma,
totally differentiate eq. (B22) to get

oo (22) st (255) 0]

w(0,¢) {—a" (a) ! <B+1“+‘t"@> da+ [1— o' (a)]*u" <B +f+_: (“)> 1 i tda}

o ,(B+a—o(a 8w06
+ [1 J(@)]U( 11

From eq. (B22), substitute wl(‘gt) ’(

0@ )> for [1 -0’ (a)]u/ (%ﬂ) in above, then re-

arrange and simplify to get:
1 ,,<M+a> o (a) ,<B+a—a(a)> [1—0o(a)? ,,<B+a—a(a)>
5V + — 5 U da
(w (6, ¢€)) w (6, e) 1+t 1+t (1+1) 1+t

B {U/ <u]§4<9+;> i f(;ea)” <f<9+:)>} (w (91, )’ e

We thus have,

S

da v (a5) + s (46) ow (6, ¢)
d6 (w (0,00 { " (255) + T5u (B+<lz+f<a))_[1(—1(f+’gt2>12u,,(3+?;;(a>)} 00
_ o' (L) + Lv" (L) ow (e,e)' (B23)

o' (a —o'(a))?
(0,0 { oyt (D) + T8 () — BTy )} 00
From the second-order condition of the individual optimization problem, we know that
1 " 1— o 2
— () +2 (@) () - %u (c) > 0. (B24)
(w(0,¢€)) 1+1 (1+1¢)
From (B23), (B24), and ¢ (-) > 0,v” (-) > 0 assumptions, it follows that dw (0,¢e) /06 > 0 —

da/df > 0, so that a"* > a’.

Second, define 7 as 7 = 1/(1+t). For any given (e, M, B)-bundle we have, from (B18)—(B19),
that

i Mat 1| M+a*
MRS}y 5~ MRS, = - ’ <“J<9Z7e)> _ } <“’(0h’e)>
MB MB = w (0 e)u (B+al —o(al)7) w0 e)w (B+ah —o(aht))7)|’
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¢ he s Gt v (ﬁéﬁ?)) : . ”'(u%ﬁ))
so that MRS}, 5 — MRS is of opposite sign to 0 | —=—=-5%< | /00. Differentiating

w(0,e)Tu (¢) w(0,e)Tu’(c)

with respect to 6 results in

(2
O | —pulle) )
(w(e,e)m (C)> _Tuv" —w(h,e)[1 -0 (a)] 24"y da
00 [w (6, €) Tu/ (c)]2 do
a dw(6,e)
w (0, e) T (c) (M(;:(; 6)3926 "+ awéz,e) Tu'v’

— . B
w0 (0.0)r (O (B25)

Replace 1/(1 +t) by 7 in the expression for da/df, given by (B23), and substitute from it
into (B25) to get

i Cice)
a(wdww

a0
B’w'(e,e)
o —w (6,¢) [1 — o' (a)] 2"/ (L (L) + " (D)] gy
[w (6, e) ru (c)]? [Z(/;(ﬁ))}z + 0" (a) T (¢) — [1 — o’ (a))* 2" (c)
M+a 1)” 4 1)/
__w(e) ow(0¢) .

[w(@,e)7u ()] 00

From the above equation above we can also write

5 +0"(a)Tu = [1 -0 (a

o UI(%%;Z)I)
o " 2 5 w(f,e)Tu
(w0, e)Tu]"§ ——— )

[w(6,e)] 00
U —w(b,e) [l - o' (a)] TEu" y o 0w(Be)
B { (w (0, €))2 } e T
0" " / ! 2 " " n Ow (07 e) !
_{W+a (a)Tu' — [1 =0’ (a)] 7'2u}[L’U —I-U}TTU,

or equivalently, simplifying terms,

9 " ) 9 ( w(f,e)Tu’
[w(6,e) T {2 + 0" (a)Tu' — [1 — o' (a)] 7'2u”} _

[w (6, ¢)] 90
/ " o' (a)] Tu"v' " / " s Ow(b,e)
= {[1—0(@)]27% L w(H(,e)iu’ -0 (a)Tu}[Lv +U]8(¢9 )
(B26)

Now notice that, exploiting (B15) we have that v'/ (wru') = 1 — ¢, which implies that we can
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rewrite (B26) as

”’(ﬁ%))

2 v ) 9 < w(B,e)ru’
.l { i o ) = (1= @) | 2L

- {[1 — (a)]2 " — 1 -0 (a)]2 2" — " (a) Tu,} [Lv" + '] &U@(z’e)ru',

or equivalently, simplifying terms:
) )

0 ;
) " 2 5 ( w(h,e)Tu
[w (0, e)]" § ———— —

w @) + 0" (a)Tv = [1 =0’ (a)]" T7u 50

= — [LU" + 1}’] 8108(276)0" (a) . (B27)

1 M+a
Next, we showed in above that MRS]@B — MRS%B is of opposite sign to 0 (W) /0.

It also follows from (B27), (B24), and /() > 0,v”(-) > 0,0”(-) > 0 assumptions, that

’U/ M+ta
0 <u)(9<:)(i1f’)(>c)> /06 and Ow (0, e) /00 are of opposite signs. Consequently, MRS@B — MRS%B

and Ow (6, €) /00 are of the same sign, so that Jw (,¢) /00 >0 = MRS{ ;5 — MRS, > 0.

Proof of Proposition 4 (i) Derivation of the expression for T), (Mh,eh) in (41).
Dividing (B5) by (B6) and multiplying both sides of the resulting equation by the RHS of (B6)

gives
Cw(0heh) h .
M{l_lit_lit [1_0'(ah)] j;%} ={1+1t+t [1—5(&)} CZ\‘;,L}_

1+t

Rearranging and collecting terms one can rewrite the equation above as

Mh h
(L+8)v (w(Q}j:h))

w (0", eh) o’ (ch)

1—

o Mh 4ol
w(@h ,eh)

o 1 GO P e T A 1P

1+t

Exploiting (B13) the equation above can be restated as

(1+1)0 (Mh;*“: h
o - ¢ " da™ w(@ ,e ) da
Ty (M e") = 11t 1o ()] aMF " (67 ) u (cb)  dBP

(1+t)0 (%)
L+t w (0" eh)u (ch)
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from which one obtains (41) by applying (B18).
(ii) Derivation of the expression for Ty, (M’ e’) in (42). Dividing (B2) by (B3) and
multiplying both sides of the resulting equation by the RHS of (B3) gives

(L+2) % ! (cht / ol
w((g{eé()ule(cf)> { 1J(rt) M [1_1;_1;(1_0 <aé)) :lef]}

- A%+uﬂ{l+t[la’<a£ﬂ da’ }

w (Hh,ef) 14+t dM*t

Rearranging and collecting terms one can rewrite the equation above as

(1+t) <ufj‘f9jgg>>
w (0%, ef) u' (ct)

" Mlyal o' Mlyaht
2’ (chﬁ) w(@e,ee) w(@h,eé)

s w (0%, ) () w (0" et) u' (ch?)

1—

t da’ t t da’
S [ () (1= (o)) G ) 1S
1+t[ N ar T | Tre i V7)) apr MB:
Exploiting (B13) and (B18)-(B19) the equation above can be restated as

T (ngeg) _ A/ (ché

(1+t)u)7r [MRS@ 5 — MRS B]

_%rt [1—0/ (aeﬂ dci\‘jé_ [1it+ 1it (1_0/( )) 5;£]MRSMB,

from which the result stated in eq. (42) is obtained.

(iii) MRSyp + [1 —o'][(da/dM) + MRSy g (da/dB)| is positive. Totally differentiate

(B22) to get
da (14+t)v" /w

_— == . B28
dM (1+t)v” . (1701/)2#/10,“// i wu'o'” ( )
w +
Combining (B21) and (B28) results in
da da Uy — Wy
— + MRS U L R B29
ar MBIB ~ e _ (kﬁiwun + " (1=2). (B29)
MRS 1= o) (29 L Ry e~ ] 1) B30
MB + ( - 0) M + MBUE | = o (1_2/)2,%,, N it (B30)
w +t
Simplify notation by defining
1 t " 1— / "
0 = a+to" + [u/(j// _ (J)U] w, (B31)
w 14¢
da da wu'c” — o’ ;u”
— o aa _ o
® = MRSup+ (1-0) <dM +MRSMBdB> Q (1-0), (B32)
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where the second-order conditions of the individual optimization problem implies that € > 0.
To determine the sign of ®, observe that from (B13) and (B15), and the fact that ¢ > —1,

we have 1 — ¢’/ > 0. Consequently,

sign (®) = sign |wu' (¢)o” (a) — o' (a)v' (L)u" (c) Ju' ()| . (B33)
% Vv
Now, unless preferences are quasi-linear in consumption (v” = 0), ® appears to be ambiguous

in sign. The reason is that ¢’ (a) could in principle be either positive (when the agent faces a
positive marginal tax on reported income, and therefore under-reports his income) or negative
(when the agent faces a negative marginal tax on reported income, and therefore over-reports
his income). Nevertheless, we can safely establish that ® > 0.

It is clear from the expression for ® in (B33), and with u” (¢) < 0, that the only possibility
under which ® < 0 is for ¢’ (a) < 0 to make the second term on the RHS of (B33) positive,
but also larger in size than the first term. Suppose this is the case. Then, given that ¢ >
0 at an optimum, the RHS of (41) which is of opposite sign to ®, will be positive so that
Ty (M h. eh) > (0. The same argument tells us that if ® < 0, the second expression on the RHS
of (42) is positive. Moreover, from Lemma 2, we know that the first term on the RHS of (42)
is also positive. Consequently, Ty (M ¢ eg) > 0. This cannot happen though. With ¢’ (a) < 0,
condition (B15) implies that Ty (Mj, ej) =0’ (aj) < 0,7 = h,£. A contradiction.

Finally, notice that even though ® > 0, we have that ® < M RSyp. This is because from
(B29) we have that

da da Uy — Lot 2
1-0)|—+MRSyp— | = “ - 1-0')" <0.
( o ) (dM MB dB) (1+’LZ),U// _ (17011121‘/11),“// 4 wul(;// ( (e} )

Proof of Proposition 5 (i) Deriving the expression for (47) Dividing (B4) by (B5) and
multiplying both sides of the resulting equation by the RHS of (B5) gives:

w h,eh
(Mtha”')ia (jeh )U, ( Mhiah > _9p(0™e)

(w(9h7eh))2 w(eh,eh) 5k h
e

= v [ () T

Simplifying terms allows rewriting the above equation as

Lha’w(eh’eh) w(ghﬂh)% { t [1-0’(@)} dah}

1+ — -
+1+t dMh

deh o' (L)

vl )

42



Rearranging terms gives eq. (47).

(ii) Deriving the expression for (48) Divide (B1) by (B2) and multiply both sides of

the resulting equation by the RHS of (B2). One gets, taking into account that l%;j's;) = L' and

Mtah® _ rhe
a — L ,

w(@h,ee)
eaw(el,e[)
o (1) = 2 e o
w(6%,e?) e )\U( ) +pm 1+L<1—0/(a£>)7a
v(’(f“)) w (6", et) 1+t oM?
w(6°,ef
e 0w (0"e") dp (0", ") . P
_ de’ r(rne) 9PV € _ () 9a
= w (0", e?) Y <L ) det +'MT< 1—|—t(1 7 (CL)) 8eﬁ)'

Simplifying and rearranging terms allows rewriting the equation above as

0 0
dw (05,¢!)  w (0%, ) 22T (e " dat
0 ’ _ Oe A
L5 o (L) Mo T {1 1 (1= («)) 6M4

" ow (Hh,ez) Yy Op (Hh,eﬁ) t v 0 da’
- )\!w(eh,ef) Oet U(L >_ Oet +,u77[p—1+t<1—a<a>>864,

or equivalently

0w (08, ef) w64, ¢t) 2240)
de! v (LY) B
AU (Lhé) o OW (Hh, 6£) w (Gh, ee) 0o (Gh, ee)
Ew (9h eg) el Y (Lhé) del
A (1) [ 0w () w(etet) 2
pmw (67, €) del v (LY)
14 6[
ot [1_ ,( Z)] da’ | 0a' | v (0'.¢")  w (0 5¢(;€Zv )
1+t 7 det  OM? det v (LY)

Eq. (48) follows from the above equation once one takes into account that,

arstt = predw @) w(0.¢) 0p (0, )

Oe’ v’ (L") Oet
¢ Ao (0°,et
MRSZ — LZ 8’[1) (98’ eg) _ w (9 ) ee) (6eé )
eM = de’ v (LY

(iii) Determining the sign of the expression in (49). Totally differentiate (B22) to

get,
da (I—ohu'+(1+t)v"E dw
= e > 0. (B34)

w1 Twwo” de

It follows from (B28) and (B34), that

da ﬂMRSZM (=) uB (141 8e(0.6) 1 fo .
e " 72 " .
de dM (1425))” B (1*?3_;11“ + wu'o"
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Appendix C

Alternative specification of the wage function For a given (e, M, B)-bundle, an agent of

ability 0 solves the following problem:

max u(B+a—o(a))—v (%) —¢(0,2)
The associated first order conditions are given by:
(1-0)u' = /w = 0, (C1)
Totally differentiating (C1)-(C2) gives:
[(1 - 0'/)2 u" —o"u — :;/;} da + (Lv" + ) ;?;;dz = — (Lv" + ') g%d@ (C3)

1 ow L 0*w 1 ow\? 0%
L " AN - ! _ L " 2 !/ - L— d
(Lo +v)w282 TN w20z (Lo + v)(w82> 9202 | *
L O*w L owow  0%p
= |-— Ly +20') = —— de. C4
{ wazaew(“Jr“)w?azaeJrazae] (G4)
Rewriting (C3)-( in matrix form we have:
N2 — oy ”—; (Lv" + ') 2 [ da/df ]
Lv” + ') %aa— %U’gjé”z — (Lv" + 20") (%%)21’ 88,:5’; dz/d6
ow
(LU” + v ) ’11}2 69 (C5)
_ Lo + LU”—i—Q?})Lawdw—i- )
wd ae” w? 9z 08 T 5208

Defining by Y the determinant of the 2x2 matrix on the LHS of (C5), i

2 2
Lyow (Lv”—l—2v')<1aw> L—‘?@]

v

"
T = |:(1—O'/)2U”—O'//’u,l—:|

w 8282 w 0z

w?

we have that T > 0 from the second order conditions of the agent’s problem.

Thus, assuming that the second order conditions are satisfied, we have that the sign of dz/d6

N2, ///_L” 8290_£82w/
[(1 o) ul =" w2] <8z(99 w9200

'

is given by the sign of

>0

[ " L Ow ow

1— N2 w oo U Lo" + 9y = 2290

—i—_( a)u o'u wZ}(v—&-v)wzazaa
<0
[ 177 0w dw
//L n _— -

+| (v +”)w2] 9z 08 (C6)

>0
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From the second order conditions of the agent’s problem we know that

1 owl?
(1—0,)2UII—UIIU/_L”< [( ”L+v)7261;]

which in turn implies that, given that %v’ gjg; — gjg; <0,
1" " n 1 dwl?
v V'L + v
(1- U')2 ' —o'u - — < — I ) uz Z]Z (C7)

w
w? (Lo 420y (L)

One can then show that dz/df > 0. In fact, replacing the second line of (C6) with the RHS of

(C7) gives
N2 U & L &w ,
[(1 o) — o } <8280 w9200

"I, n 1 ow 2
[(U +v)w2 z]2 (LU”—I—QU,) %877”871”
(Lv”—&—2v)(%%—f) L w? 0z 00
vy L]7Owow
[( L )w2] 9z 90’

which, simplifying terms, can be rewritten as

N2 oy U 82 L &w v
{(1 o) u — ot ](82’80 wo00" )~V

The fact that dz/df > 0 means that our model of Sections 2-4 is equivalent to a model where

e and z are perfect complements in the function w (6, e,z). The reason is that, for a given
(e, M, B)-bundle, both low- and high-ability agents would optimally set z = e under perfect
complementarity, which in turn implies that 2 = 2¢ = €.

Consider now the sign of da/df. Assuming that the second order conditions of the individual’s

problem are satisfied, we have that the sign of da/df is given by the sign of

1 ow |L ,0%w 1 ow\? 0%
_ L " AN L " 2 / - L_
(Lo —H})w?@@ [w 020z — (L + v)<waz> 020z
1 ow[d% L d*w L Ow ow
— (L n + Jw v / Lo + 9y =280
(Lo"+) 255, [azae wosge’ t W) G 89] (C8)
Simplifying terms, expression (C8) can be rewritten as
1 L ,0%w 0%p \ ow 2 L 9w ow
_ L " / 7 - / _ - = !/ g
(Lo + /) w? [(wv 020z 82’82) 00 * <8z80 w8280v> 32’} ’ (9)
. . . . ow ow 9w
which is strlctly greater than zero under the assumptions that 57 > 0, 52 > 0, 55, <0,

82
5205 > 0, azae <0, & azae > 0.

Having established that da/df > 0, we can conclude that I"* > TI*.
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Proof of Proposition 6 The government’s problem is

Ml L
max u(Be%—aZ—o(az)) - % —cp(@g,zz)
eZ’MZ’Bé,eh7Mh’Bh w (e 7Z )

subject to the constraints
Mh h L
u(Bh—l—ah—a <ah>) —v M e —go(@h,zh> >V,
w (e, zh)
M" + ol
h h h h _h
u(B'+d" o (a ))—“<w<eh,zh>> —¢(0+")
Mt + oMt
14 ht h{ h _ht
> u(B +a —U(a )) _U<w(e€,zhf)> —90(9 V2 )7
W(Mf—Bf—peZ) +(1—7) (Mh—Bh—peh> >R.
Denote respectively by 6, A and p the Lagrange multipliers attached to the first-, second- and

third constraint. For our purposes only the only relevant first order conditions are those with

respect to e/ and MY, These are respectively given by:

) B )

( ( )) w (ef, zﬁ)
Z ow MZ ahg
= A\ ( ( (65 )zhg)) (w (ez,_zhé)> + ump, (Cl())
' <m> = )\7/ <m> + (C11)
w (eZ’ ZE) - w (63, zhf) W,

Dividing (C10) by (C11), and multiplying both sides of the resulting equation by the RHS of
(C11) gives

0 e 1 [ _M4aht
(M +at) 2G| (25)

(w (ef, 29) w (ef, 2M)

+ pum

) 2’ ht
. (Me+ah£) w(ge; ) ,(M£+ahé

(w (et ,ZM))2 w (e, ZM)) T

Rearranging terms, the equation above can be rewritten as

o [ Mita
Lgﬁw (eg,zé) o A w(et,zh) Lheaw (eg,zhé) B L[aw (eé,zé)
det um w (el zM0) det det ’
or equivalently,
N )
ow (e, z A w(ef,zh*
¢ ) _ h{ _h{ L L
L 5ol —p= o ehw (e, ) <I €we — I ew?e) . (C12)
Under the assumption that the function w (e,z) is Cobb-Douglas we have that €, = ¢
w,e w,e

(despite the fact that 2" > 2¢).29 Thus, from (C12) it follows that LéM —p=20ina

B etting w (e, z) be equal to Ae 2% we have that 6“,76 = eﬁ,ye =q.
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setting without IM (where I" = I* = M*). Instead, in a setting with IM, we will have that

o o ()
Leaw (e , 2 ) _p:i w(ef,zh0) M) s
det urm elw (ef, 2t) whe

where the sign follows from the fact that (C9) remains positive even when %—qg = % = 0, which

implies that da/df > 0 and therefore 1" > I*.
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