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Abstract

This paper studies the interaction between tax evasion and wage endogeneity within a
Mirrleesian optimal tax framework. It characterizes the optimal marginal income tax
rates on the skilled and the unskilled workers and the optimal amount of resources to be
spent on deterring tax evasion. It shows that tax evasion weakens the incentives for the
government to manipulate the marginal tax rates for the purpose of exploiting general
equilibrium effects on wages. Moreover, the extent of this depends on the curvature of
the evasion cost function. It also argues that marginal income tax rates are likely to be
higher when the government attempts to deter evasion.

JEL classification: H21, H26.
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1 Introduction

Nearly five decades has past since Allingham and Sandmo (1972) formulated the first
formal model of tax evasion in the economics discipline. A vast literature has since
emerged expanding the subject into numerous directions. ' One strand, to which this
paper belongs, has sought to integrate tax evasion into the optimal income tax litera-
ture with variable labor supply. What distinguishes the current paper from the previous
papers is that it allows for imperfect substitutability between skilled and unskilled work-
ers and the endogeneity of their wages. Previous studies have followed the traditional
optimal income tax models that assume wages are exogenously determined.?
Endogeneity of wages matters and not just for its realism; it opens up a second
channel for redistribution. The change in the relative gross-of-tax wages, arising from
government tax policies, plays as important a factor in income distribution as taxation
itself (which aims to change the relative net-of-tax wages). These general equilibrium
changes can very well reduce the burden of distortionary redistributive taxes. The point
is that highly increasing marginal income tax rates leads to decreasing labor supplies of
the higher-skilled workers. In turn, this will lead to an increase in the gross-of-tax wage
rate of the higher-skilled relative to lower-skilled workers. By opting for a less increasing
marginal income tax rate schedule, one can mitigate this perverse redistributive effect

of taxation.

See, e.g., Cremer et al. (1990), Cremer and Gahvari (1994, 1996, 2000), and Slemrod and Yitzhaki
(2002) for a survey.

?Even though Stiglitz (1982) included a section on wage endogeneity in his two-group formulation
of the optimum general income tax, the vast body of this general literature has focused on the original
Mirrleesian assumption of fixed wages. Stiglitz (1985), Naito (1999), Huber (1999), Pirttild and Tuomala
(2002), Blackorby and Brett (2004), Micheletto (2004), Gaube (2005), Gahvari (2014) and Bastani et
al. (2015) are among the exceptions.

Starting with Sandmo (1981), the contributors to the optimal income taxation literature in the pres-
ence of tax evasion have generally simplified the problem by restricting the income tax schedule to
be linear. Cremer and Gahvari (1996) and Schroyen (1997) have reconsidered the problem within the
Mirrleesian general income tax framework. However, all writers in this area have assumed that wages
are constant. Thus far, to the best of our knowledge, nobody has considered tax evasion within the
general income tax framework that allows for wage endogeneity.



The difference that wage endogeneity makes for the optimal marginal income tax
rates was demonstrated by Stiglitz (1982, 1987) in his two-group model. One was that
a marginal income subsidy on the high-skilled agents replaces the no-distortion-at-the-
top recommendation. Secondly, while the marginal tax rate on the low-skilled is always
positive, its magnitude depends on the elasticity of substitution between the two types
of labor. The smaller the elasticity of substitution, the larger should be the marginal
tax rate—with the government increasingly relying on the changes in the gross-of-tax
wages to redistribute income. These modification to the characterization of the optimal
marginal income tax rates are meant to bring about an increase in the labor supply ratio
of the high-skilled relative to the low-skilled workers and a decrease in their relative
wages.

This paper focuses on the implications of tax evasion for the optimal marginal income
tax rates, particularly the component that reflects the change in the relative gross-of-tax
wages. Prior studies on optimal taxation and tax evasion have neglected this specific
question. To keep things simple, we adopt the riskless approach to evasion introduced
in the literature by Usher (1986) and has since been used in a number of subsequent
contributions.> It assumes taxpayers are able to fully avoid detection by incurring a
cost that depends on the amount they misreport. In this way, we can focus on the
implication of tax evasion for the marginal income tax rates that are exclusively due to
the endogeneity of wages.

We append a production function, with skilled and unskilled workers as inputs, to
the two-group model of Stiglitz. The inputs are imperfect substitutes so that wages of
the two inputs are determined endogenously. The economic environment is competitive
and wages reflect the value of marginal product. Specifying the evasion cost as a smooth
convex function of the amount of evaded income, we characterize the optimal marginal

income tax rates faced by the two types of workers. The first lesson we learn from this

3See, e.g., Mayshar (1991), Boadway et al. (1994), Kopczuk (2001), Slemrod (2001), Christiansen

and Tuomala (2008), Chetty (2009), Gahvari and Micheletto (2014), and Blomquist et al. (2016).



exercise is that tax evasion weakens the incentives for the government to manipulate
marginal income tax rates for the purpose of exploiting general equilibrium effects on
wages. The second lesson we learn is that the effect of tax evasion on the optimal
marginal income tax rates depends on the convexity of the concealment cost function.
The tax rate decreases as the cost function becomes less convex. Put differently, the less
convex is the concealment cost function (resulting in a higher amount of evasion), the
less labor supplies should be distorted. Loosely speaking, this arises because the easier
it is for agents to misreport their true income to the tax authority, the less effective the
marginal income tax rate becomes as an instrument for changing labor supplies.

As an extension, we allow the concealment costs to also depend on government ex-
penditures to deter evasion. We characterize the optimal amount that the government
should spend on deterrence and discuss how this changes our earlier results under a
passive government. Numerical exercises show that optimally spending resources to
deter evasion strengthens the redistributive potential of taxation by allowing the gov-
ernment to rely further on the general-equilibrium effects on wages for redistribution.
And, to do so, it further raises marginal income tax rates (in absolute value). Moreover,
and in accordance with the theoretical results established in the tax evasion literature,
the evasion-deterrence efforts of the government are primarily targeted towards agents
reporting a low level of income.

Interestingly, the characterization of the optimal deterrence cost also highlights the
role that endogeneity of wages play in determining this cost. Specifically, wage endo-
geneity generates an additional source of gain from marginally raising the amount of
resources spent on deterrence. However, whether this implies that wage endogeneity
strengthens the importance of spending resources to deter evasion will ultimately de-
pend on the extent to which redistribution is made easier for the government when it
can operate both on an ex-ante (wage channel) and on an ex-post basis (tax-transfer

channel).*

4To avoid misunderstanding, note that this is a different question from the preceding one. The former



2 The setting

Consider an economy consisting of two types of agents, low-skilled (denoted by super-
script £) and high-skilled workers (denoted by superscript h). The number of workers
of type j, with j = ¢, h, is denoted by N7. All workers have identical quasi-linear
preferences defined over consumption ¢ and labor supply L. This is represented by
U = c—wv (L) where v (L) is strictly increasing and convex.’

The single consumption good c is produced through a linear homogeneous production

function using labor hours supplied by each of the two types of agents

Q=P (N’ZL‘Z, Nth> .

Labor markets are assumed competitive so that the equilibrium wage rate for an agent

of skill-type j, w’, is equal to the value of his marginal product

. OP(N'L{,NhLP)

v oNtpe b
. 0P (N'LE,NhLh)
w' = =B,
ONNI LI

Wage rates are thus determined endogenously (as long as the skill types are not perfect
substitutes). As usual, the linear homogeneity of P (-) allows a simpler characterization.
Define -

_ % (1)

n

concerns the effect of deterrence expenditures on the optimal marginal income tax rates (assuming wages
are determined endogenously and we have tax evasion). The latter asks whether wage endogeneity (in
comparison to fixed wages) calls for higher deterrence costs.

?Quasi-linearity is often invoked in the optimal income tax literature; see, e.g., Diamond (1998) or
Salanié (2011). The ensuing implications of no income effects on labor supply and a constant marginal
utility of income make the optimal tax formulas less “heavy" allowing one to gain a sharper insight
into the elements that determine the optimal marginal income tax rates. We have nevertheless worked
out the formulas for non-quasi-linear preferences which give us essentially the same picture, albeit with
some nuances, in Gahvari and Micheletto (2017).



Then rewrite the production function as

L1t Nth L1l
Q:NLP<1,W>:NLp(n), (2)
and the equilibrium wage rates as’
w' = p(n)—np (n), (3)
w' = p'(n). (4)

3 The optimal tax problem

3.1 Design

The government intends to design a Pareto-efficient tax policy that allows it to achieve
its revenue raising and redistributive goals. The informational structure of the problem
includes the standard Mirrleesian assumption that the government knows only the dis-
tribution of types in the population and not “who is who”. This rules out the possibility
of using first-best type-specific lump-sum taxes/subsidies. However, 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.

To model tax evasion, we follow the riskless approach introduced by Usher (1986);
specifically, once agents have incurred a cost that is increasing in the amount they
misreport, they face no risk of detection. This simple structure allows the government
to achieve its objectives through a general income tax function 7" (-) levied on reported
incomes, M. To see this, recall that in a two-group model without evasion one needs

only to determine the two groups’ allocations which can be done by a direct mechanism

5We have,
5] / on Nth /
o = grvez =r @+ (VL) 0 gz =~ (g ) 0
h o ’ on N%LZ ’
who= W?m = (N9 ) g = (NfL‘>p )



consisting of two bundles each specifying a particular amount of income (earned equal
to reported), 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 incomes M and tax payments T' (equivalently,
incomes taxpayers may keep: B = M — T'). The reason is that, as we show below, an
(M, B)-bundle corresponds to a (¢, L)-bundle; notwithstanding the fact that reported
incomes will likely differ from actual incomes.

Consider the optimization problem of an agent who is to choose between bundles
(M*, B and (M" B"). Regardless of which bundle he chooses, he would want to
maximize his utility U = ¢ — v (L). Denote the amount he evades, or more precisely

" Evasion is costly. A taxpayer who evades a incurs f (a) in costs

misreports, by a.
where f () is assumed to be non-negative, increasing in a, strictly convex, and that
f(0) = f(0) = 0. Thus the consumption level of a taxpayer who selects (M, B), and

subsequently evades a, is equal to
c=a+B-— f (a) )

where we have dropped the superscripts for ease in notation. Now, with the taxpayer’s
true earnings being equal to wL, the amount he evades must be equal to a = wL — M.
Substituting this in the above equation for ¢ and the resulting expression in U = ¢—wv (L)
yields

U=wL-M+B-f(wL—-M)—-v(L). (5)

The taxpayer’s optimization problem is thus choosing L to maximize (5). This results

"With wage endogeneity, high-skilled agents may end up receiving a subsidy on their marginal income.
This will indeed occur in a two-group model when there are no incentives reasons to tax high-skilled
types at the margin. These agents then have an incentive to over-report rather than under-report their
income. Either way though, the modeling is identical. The only difference is that while with under-
reporting and tax evasion a > 0, over-reporting implies a < 0. Under this latter case, the agents still
need to incur a concealment cost to get away with this cheating. The concealment cost will then be
assumed to be a function of the absolute value of a with the same properties. In principle, then, the
problem is better referred to as income misreporting rather than tax evasion. We shall use the two
terms interchangeably.



in the first-order condition
v’(L):w[l—f'(wL—M)], (6)

which determines L and subsequently c.

Having shown that a taxpayer’s choice of (M, B) determines his consumption bundle
(¢, L), we now discuss how the mechanism designer determines (M*, BY) and (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. Secondly, with the
taxpayers being ultimately free to determine their allocations when given a tax function,
the bundles must be incentive compatible (requiring each ability type to prefer the
(M, B)-bundle intended for him to that intended for the other type). However, to
reduce the number of the incentive compatible constraints that must be imposed, assume

¢ so that the redistribution is from high- to low-skilled

that in equilibrium wh > w
workers.® This allows one to ignore the self-selection constraint corresponding to low-
skilled “mimicking” high-skilled workers (whom, following the literature, we shall refer
to as “mimickers”).

Let V (M, B;w) denote the maximum value function of problem (5). A Pareto-

efficient tax structure is characterized as the solution to the following problem:

max V (Mh,Bh;wh>
Mh,Bh,MZ,BZ

subject to,
1% (ME,B‘f;wf) > T,
V(Mh,Bh;wh> > V<Mf,Bf;wh),
p (NEMZwtae,NhM};;ah) . (Bz+ae> han (Bh+ah) Nt

8Gaube (2005) has demonstrated that wage endogeneity may lead to second-best solutions other than
the traditional “redistributive” and “regressive” cases. We nevertheless concentrate on the w" > w*
alone in light of the paper’s goals.



where (M7 + a/)/w’ = LJ. The first constraint prescribes a minimum utility for the
low-skilled agents; the second constraint is the binding self-selection constraint requiring
high-skilled agents not to behave as mimickers, and the last constraint is the resource
constraint of the economy.

Introduce the notation
g(n)=p(n)—np'(n), (7)
and treat w’ as an artificial control variable for the government. This allows one to
formulate the Lagrangian of the government’s problem above as

L =V (Mh,Bh,wh> Fuv (Mﬁ,Be,wf) 8)

Mﬁ l Mh h
Jw{P(Nz a +“>—(B’f+a’f)N€—<Bh+ah)Nh}

wt wh

A [v (Mh,Bh,wh> _v (M@,Bf,wh)]

+6 |’ ~ g ()],
where p, v, A, and ¢ are the Lagrange multipliers associated with the constraint requir-
ing a given level of utility for the low-skilled, the economy’s resource balance constraint,
the self-selection constraint, and the constraint capturing the equilibrium value of the
wage rate of low-skilled agents. The optimal values of M", B" M!, Bt are given by the

first-order conditions to this problem presented in the Appendix [equations (A30)—(A31)
and (A36)—(A37)].

3.2 Properties

We can now specify the properties of the optimal tax schedule T' (M) that implements
(M7, B7), and thus (¢/, L7), j = £, h. Faced with the tax schedule T' (M), or alternatively
B(M) =M —T (M), an agent with the utility function V' (M, B;w) chooses M to
maximize V (M, B (M);w). Assuming T (M) and thus B (M) is differentiable, the
first-order condition for this problem is,

av. oV ovds 4B __vjou
dM ~— OM ' 9BdM M~ 9V/OB



We also have, from differentiating B (M) = M — T (M), that dB/dM =1 —T' (M).
Hence one can rewrite the above condition as 1 — T (M) = — (0V/OM) / (0V/IB).
This property allows us to implicitly define the marginal income tax faced by an agent,

T' (M), as
oV/OM _
ovV/oB

where M RSy/p denotes the marginal rate of substitution between M and B.? Now

T/(M):l—l— 1—- MRSyB, (9)

recall that V (M, B; w) represents the maximum value function of problem (5). Invok-
ing the envelope theorem, 0V/OM = —[1 — f' (wL — M)| and 0V/0B = 1. Thus, in

equilibrium, we will have, '’

T' (M) = f (wL — M). (10)

In order to establish the properties of 77 (M), we begin by presenting two results.
Lemma 1 proves that at any point in the (M, B)-space, the indifference curves of low-
skilled agents are steeper than those of the high-skilled agents. Lemma 2 proves that ¢,
the multiplier associated with the last constraint in the government’s problem summa-

rized by the Lagrangian (8), is negative.

Lemma 1 Assume that the Mirrleesian agent-monotonicity condition in income and
consumption (wL,c)-space is satisfied. Then:

(i) The same property holds in the (M, B)-space so that

(i) The high-skilled worker pretending to be low-skilled will evade more than the

low-skilled worker. That is, a" > af.

Proof. See the Appendix. =

9As is well known (see, e.g. Stiglitz, 1982, p. 217, and Stiglitz, 1987, p. 1003), with two groups of
individuals, the implementing tax function T'(M) will not in general be differentiable at one point. In
our setting, the problem occurs at M. Nevertheless, there always exists an implementing tax structure
whose left-hand derivative at M* will be given by (9).

10The first-order conditions hinge on the assumptions about the evasion cost function f (+); in par-
ticular f(0) = f'(0) = 0. Observe also that the equilibrium condition (10) does not imply that tax
evasion affects the marginal income tax rate only through the shape of f (). Evasion also affects wL;
thus the argument of f’ (-) and with it 7" (M) .



Lemma 2 The multiplier ¢, as specified in the Lagrangian (8), is negative.

Proof. See the Appendix. m
We are now in a position to give a characterization for the optimal marginal income
tax rates of the skilled and unskilled workers. These characterizations are the basis for

the main results of the paper.

Proposition 1 Consider a two-skill-type Mirrleesian general income tax problem wherein
wages wl, j = h,l, are determined endogenously. Preferences are quasi-linear in con-
sumption ¢ with the labor supply L as the other argument. Let M denote reported
income, M — B income tax paid, M RSy;p the marginal rate of substitution between
M and B, N'is the number of j-type workers with n = NPL* /NYLt, g (n) by (7) with
g (-) >0, and v, \, ¢ the Lagrange multipliers associated with the economy’s resource
balance constraint, the self-selection constraint, and the constraint capturing the equi-
librium value of the wage rate of low-skilled agents.

If taxpayers can misreport their earning wL and avoid detection by incurring a cost
f (a) which is increasing in a and convex, the optimal marginal income tax rates faced

by the high- and the low-skilled agents are given by:

!
)\ !
T (Mf) - [MRS@B . MRS%B} . Aéwﬁ?\?w, (12)
where,
, 3\2 ¢ (i
ocni=_ @)@ (13)

V" (L3) + (wi)? [ (af)

Proof. See the Appendix. =
The first point to note about Proposition 1 is that the optimal marginal income
tax rate on the low-skilled type consists of two expressions. The first expression on the
right-hand side of (12) is standard and reflects the incentive term that characterizes the

optimal marginal tax rate faced by low-skilled agents in a setting where wages are fixed.

10



Given the agent-monotonicity condition in the (M, B)-space, M RS]@ g — MRS % >0
so that this term continues to be positive with tax evasion. That there is no such term
in (11) is of course due to the so-called “no-distortion-at-the-top” result.

Secondly, the second expression on the right-hand side of (12), as well as the sole
expression on the right-hand side of (11), arises because of the endogeneity of wage
rates. With ¢/ = p' —p' —np” = —np” > 0, and ¢ < 0, this calls for an additional
tax on the marginal income of the low-skilled and a subsidy on the marginal income of
high-skilled both of which result in increasing the relative wage of the low-skilled to
the high-skilled. This result is in keeping with previous findings in the literature in the
absence of tax evasion (see, e.g., Stiglitz 1982, 1987).

3.3 Evasion versus no evasion

The two points we made above explain the components of the optimal marginal income
tax rates in our model. However to understand the import of tax evasion per se, in a set-
ting where wage rates are endogenously determined, one must compare these expression
with the corresponding optimal marginal income tax rates in the absence of evasion.
Thus assume earnings are publicly observable and cannot be misreported. Then a/ = 0,
MJ =w/ LI, and B/ = ¢/. We show in the Appendix that the optimal marginal income

tax rates in the absence of tax evasion are characterized by

d(ah) — 9
T (M ) ~ qwhNhLh (14)
A ong
(M) = 2 |IMRS¢ ,— MRSM, | - "2 1
( ) Nt [ RSy RS ~yw!NELL (1)

Comparing (14)—(15) with (11)—(12) reveals, firstly, that tax evasion leaves the incentive
terms in the optimal marginal income tax rate intact but mitigates the impact coming
from the channel due to general-equilibrium effect on the relative wage rates. This
follows because of these latter terms are multiplied by a factor A7, as defined in (13),
with the property 0 < A7 < 1. Consequently, taz evasion points to the desirability of a

“lower” taz rate on the low-skilled and a “lower” subsidy rate on the high-skilled (smaller

11



positive distortion on the labor supply of high-skilled and smaller negative distortion
on the labor supply of low-skilled).!!

We must emphasize here that “lower” and “higher” in this discussion refers only
to what the “tax rules” suggest and not the final equilibrium “levels” of the tax. The
common variables appearing in the tax formulas with and without tax evasion assume
different values in the two cases and do not allow a comparison between tax levels. Our
terminology is based on the distinction Atkinson and Stern (1974) make between the
“rule” for and the “level” of optimal provision of public goods in a first-best versus a
second-best world.

The second observation about the impact of tax evasion can be gleaned from the
expression for A7 in (13). It tells us that the effect of tax evasion on the optimal
marginal income tax rates depends on the convexity of the concealment cost function.
The reduction becomes greater (i.e. the tax rate decreases) as f (a) becomes less convex
(f" (a) becomes smaller). In words, the less convex is the concealment cost function
(resulting in a higher amount of evasion), the less one should distort labor supplies.*?
Loosely speaking, this arises because the easier it is for agents to misreport their true
income to the tax authority, the less effective the marginal income tax rate becomes as

an instrument to affect labor supplies.

4 Deterrence

The riskless approach to tax evasion assumes that taxpayers can get away with cheating
by spending a given amount of resources (for book-keeping, lawyers, etc.). This makes

the tax authority a passive agent. A more realistic approach assigns a role to the tax

! As pointed out earlier, in a two-group model, the high-skilled agents face a negative marginal income
tax rate. Tax evasion for them takes the form of over-stating their true income to the tax authority to
get a better tax treatment.

21n deriving our results, we rely on condition (10), which in turn hinges on the assumed properties
of the f-function, and in particular the fact that it is strictly convex, and that f(0) = f'(0) = 0.
These assumptions are standard in the literature (see references in footnote 2) that adopts the riskless
approach to modeling tax evasion. Their inclusion though implies that one cannot apply equations
(11)—(12) to the case when f” = 0.

12



authority and recognizes its power to make cheating more difficult for taxpayers. One
way to model this, while retaining the riskless property of our approach, is to assume
the tax authority can make taxpayers’ cheating more costly by spending resources of its
own to deter tax evasion. Of course, given the assumption that taxpayers are always
able to conceal their cheating, the tax authority’s attempt at enforcement can only be
useful if it weakens the self-selection constraint V' (M h Bh. wh) >V (M t Bt wh) that
would otherwise be binding. If not, deterrence attempts will be pure waste (to the
government as well as the economy).

Specifically, assume that the concealment cost of evasion is given by the non-negative
function f (a, R) where R denotes the (per capita) amount of resources the tax authority
spends to prevent evasion. Assume also that f (0, R) = f, (0, R) =0, f (a, R) is increas-
ing in R and a (in absolute value), for (a, R) > 0 (a in absolute value), frr (a, R) > 0,
and fuq (@, R) > 0 (where one subscript on f denotes a first partial derivative and two
subscripts a second partial derivative).!3
With R as an additional policy tool, the Lagrangian of the government’s problem

becomes:

L =V (Mh,Bh,R, wh> uv (Mf,B’Z,R, u/)

+’Y{P (NzMﬂ—%a‘v’,Nthj;ah) B <Bg+ag_R> N (Bh+ah_R) Nh}

’LUK w

A [v (Mh,Bh,R, wh) —v (Mf,Bf,R,wh)]
+¢ [wﬁ —9 (n)} :
It is clear from this representation that the characterization of the optimal marginal

income tax rates provided by (11)—(12) remains valid even after expanding the armory

of government’s policy tools to include R as an additional instrument. The obvious

13The assumption for > 0 ensures that R will have an interior solution. Intuitively, the assumption
means that increasing the expenditure on deterrence increases the individual’s marginal cost of evasion.

13



reason for this result is that the optimal marginal income tax rates are obtained by
properly combining the first-order condition to the government’s problem with respect
to M", B" M*, and BY; for a given value for R, these first-order conditions take exactly
the same form as in the problem considered in the previous section.!*

This leaves us with the task of characterizing the optimal policy with respect to the

choice of R. The first-order condition of the government’s problem with respect to this

policy variable is given by:

oL ovh vt ovht
o ~ UTNGR YR T AR

N* da* N" gal o [ 0a n (0a" ,0n
- e el _ - _ <
+ Pewf 5R —l—Phwh OR N < —|—1> N <8R —l—l)} bg 3R <0,

with the associated Kuhn-Tucker condition ROL/OR = 0 to allow for the possibility

that the optimal value for R is zero. Setting P, = w’ and P, = w”, this is simplified to

oL ovh  avt oV 0 ,0n
oL _ _ _ —bd 22 <.
or - U TN R TR TN oR (N +N)7 %9 55 =0 (16)

Focusing on an interior solution for R (i.e. R > 0), problem (16) provides us with a

characterization for the optimal value for R.

Proposition 2 Assume Problem (16) has an interior solution (i.e. R > 0) and let

W =" (1) + (w)? faa (6, R),  j=h,t.

1 0f course, this does not mean that the numerical value of the marginal income tax rates characterized
by (11)—(12) will be identical in the two cases (unless the optimal policy for the government is to set
R = 0). Moreover, with the f-function now depending both on a and R, one needs to replace f” (ah)
in (11) and f” (aé) in (12) with faa (a”, R) and faa (ae,R)7 and to properly redefine A7 as

(w)? fou(a’, R)

A=
0" (L3) 4 (w9)? faq(a?, R)

, j=nh,t.

14



The optimal amount of resources spent to deter evasion is implicitly characterized by

[ (o) g0 ()] + [P )
I'>0 020
N [Nf (1+fR (&,R)) + NP <1+fR (M,R))] (17)

n'g

>0

Proof. See the Appendix (for both the expression and the signs). m

To interpret condition (17) it is useful to consider the effects of a policy reform that
marginally raises R while at the same time adjusting B¢ and B" in such a way as to
leave the utility of all non-mimicking agents unaffected. This requires accompanying
the marginal increase in R with an upward adjustment in B’ and B" given by dB* =
fr (ag, R) and dB" = fr (ah, R). The right-hand side of condition (17) represents the
overall revenue cost of this reform.

The left hand side of (17) captures the gains of the proposed reform. They come
from two sources. First, there is a gain associated with relaxing the binding self-selection
constraint. This is given by the first term on the left-hand side of condition (17), the
term labeled I'. We have already shown in the Appendix, when the concealment cost
is independent of R, that a" > af > 0. However, it is clear from the proof that it also
works when f (-) depends on R. This implies that fg (ahf , R) > fr (ag, R); hence, while
the reform leaves the utility of the low-skilled agents intact, it lowers the utility of a
high-skilled mimicker.

Second, there is a gain, working via general-equilibrium effects, emanating from a
reduction in the wage gap between high- and low-skilled workers. This comes about
because, as shown in the proof of Proposition 2 in the Appendix, dn/OR > 0 so that
the proposed reform induces an increase in n, i.e. in the ratio of the labor supply of
high-skilled workers to that of low-skilled workers. This increases the relative wage of

low-skilled to high-skilled workers and represents a gain through its impact on the ¢-
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constraint.!® The second term on the left-hand side of condition (17), the term labeled
), captures this effect.!6
Notice that in a setting with exogenous wages the counterpart of (17) would be the

following simplified condition:

A fr (@™ R) = fr (af R)| =7 [N (14 fr (' R)) + N (14 fa (o, R))],
(18)
i.e. the term labeled € in (17), representing one of the two sources of gains from
raising R, would vanish. That € > 0 suggests that spending resources to deter tax
evasion might be relatively more valuable in a setting with endogenous wages than in
a setting where wages are exogenous. Intuitive as this may seem, such a rule-type
inference is not quite warranted. The gain to combating tax evasion comes not just
from Q but I' as well. Now when different types of labor are imperfect substitutes,
the fact that redistribution can operate both on an ex-ante (wage channel) and on an
ex-post basis (tax-transfer channel) tends to weaken the tightness of the self-selection
constraint and to lower the equilibrium value of the Lagrange multiplier A in (18) as

compared to (17).

4.1 Targeted deterrence

The way we have introduced the policy variable R in above suggests that the evasion-
deterrence efforts of the government are not targeted towards specific levels of reported
income. Suppose instead that the resources devoted to fight evasion can be made
income-dependent so that an agent reporting an income M7 will face a concealment
cost f (a, R ), where R’ denotes the (per capita) resources devoted to deter evasion by

agents reporting an income MJ. The Lagrangian of the government’s problem would

5What is behind this change in relative wages is that, with two factors of production, they are
necessarily Edgeworth complements.

'The gain represented by the term © in (17) is, ultimately, a gain due to mimicking-deterring effects.
This is apparent once one notices that, as implied by (A29), the value of the shadow price ¢ is related
to the value of the Lagrange multiplier A, and that ¢ = 0 when A = 0.
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become:
L =V (Mh,Bh,Rh,wh> uv (Mf, B‘Z,Rf,w‘f)

M*+a* MM+ ah
—|—7{P<Nf N ta)—(B€+a£—R£)N€—(Bh~|—ah—Rh)Nh}
w w

A [V (Mh, Bh,Rh,wh) _y (Mf, B, Rf,wh)}
+6 [w' =g (n)].
Focusing on the case of an interior solution for both R’ and R", it is straightforward

to show that their optimal values would be implicitly characterized by the two following

conditions, which respectively refer to R’ and R":

[ (R = g (o, 1)] = 2D e T g (o, R ] 19

Lt Wt
>0 <0 =0
" fur (a, R"
/I‘Zjth(\Ijh)(éng, — ,_YNh [1 +fR (ah,Rh):| (20)
>0 >0

In both equations (19) and (20), the left-hand side provides a measure of the social
gains arising from a marginal increase in the value of the relevant policy variable, and
the right hand side provides a measure of the associated social cost. Eq. (19) highlights
that the evasion-deterrence efforts targeted at the agents reporting M¢ generate two
sources of gains, a direct mimicking-deterring effect due to the fact that o™ > af, and
an indirect mimicking-deterring effect that operates through a compression of the wage
distribution. On the other hand, from eq. (20) one can see that only the latter source
of gains can be reaped by the evasion-deterrence efforts targeted at agents reporting
M". At least in terms of policy rules, this observation leads support to the idea that
it is more effective to target the evasion-deterrence efforts towards low-income earners.
At the same time, however, the fact that wages are endogenously determined implies
that one should not refrain from allocate resources to deter evasion by agents reporting

a high level of income.
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5 Two extensions

5.1 Commodity taxes

If labor income could be costlessly observed by the government, there would clearly be
no role for supplementing a nonlinear income tax with a commodity tax in our setting.
With one single consumption good in our model, the effect of any commodity tax could
simply be replicated by a proper adjustment of the nonlinear labor income tax. However,
when agents can misreport income for tax purposes, commodity taxation will be a non-
redundant policy instrument if aggregate sales of commodities are publicly observable
and are taxed (at a uniform rate to all consumers). These taxes will not be subject to
evasion. Under this circumstance, one can show that all the expressions for the optimal
marginal income tax rates would have to be amended to include an additional negative
term that depends on the rate at which the commodity tax is levied. Moreover, although
the additional negative term takes a different value for each skill type in the population
because of their different consumption levels, for each skill type its absolute value is

decreasing in the curvature of the f-function.'”

5.2 Many-skill-types

We now show that the main message of our paper, namely, the possibility that tax eva-
sion mitigates the kind of tax-induced general equilibrium effects originally emphasized
by Stiglitz (1982, 1987), does not rely on a two-group specification. Consider a setting
where the number of skill types is larger than two, say, K. Output is then produced
through a generalized version of the constant-returns-to-scale production function (2)

according to,

NIt NZ2L2 NELK
_ 070 171 KrK\ __ 070
Q=P (N°LO,N'L', . ,N*L )—NLp<NOLO,NOLO,..., NOLO),

"The detailed analytical results are available upon request.
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where the set of skill types is given by {0, ..., K'} with a higher index corresponding to

a higher skill type. Let
NILI

TLJEW’ ]:172,,[(

The labor markets being competitive, wage rates are given by,

K op  ont K
0o _ 070 2 K\ 12 K
w = p+N'L ZZ:(WG(NOLO) p(n I S ) ) Zz;njpj (n ,ne,Ln ),
1 a0g00p Ot K
w = N'L 8?116(N1L1)_p1(n’n7 y T )7
op  On?
2 _ aA070 9P (] 2 K
we = 8n276(N2L2) Do (n I R ) ),
0 onX
wE = NOLOane(a(NTIZ(LK) = Pl (n17n2’ ’nK)
Next define,
K
9o (nl,n2, ,nK) = (nl,nQ, ...,nK) — anp; (nl,nz, ...,nK) ,
=1
gi(nl,n2,...,nK) = p;(nl,nQ,...,nK), 1=1,2,..., K — 1.

The constrained Pareto-efficient allocations can then be characterized by the first-order

conditions of a government problem summarized by the Lagrangian:
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K
L = > oV (M, B uw)
1=0

MO 0 e 1 MK K
+7{P<N° to e K +“> ZBMQ

wo wl
'L

K

> N1 [V (M, BL ') =V (MY BT w')]
o

+Z¢i [wl — g (nl,nQ, ...,nK)] ,
=0

where in writing the set of self-selection constraints we have assumed that the binding
ones are those linking downward pair of adjacent types.!® Following the same approach
we used to derive (11)-(12), and denoting V' (Mi, B, wi) and V (Mi_l, B~ wi) by Vi
and V%~1 one would end up with the following expressions for 7" (M K ), T (M 0), and
T' (M7) for j € {1,2,..., K — 1}:17

A1,0
~NO

K-1 K K
_ AV Z¢ Zagi (n17n27,..,n )nj (21)
~wONOLO P ! = onJ ’

. A 1 . ny
T (M) = S (MRS} - MR%BJ)
AJ
* ~wI NI Li

T (M) = 25 (MRS, 5 — MRS},

K-1

2 K
Z@agz(n SRRl )nj], ji=1,2..,K—-1, (22

8n3

K K-1 ) 2 K
T (MK) _ A [Z@ag, (n SN, amn )nK] . (23)
i=0

ywE NKLK onk
One can also easily show that when tax evasion is not possible the optimal mar-

ginal income tax rates are again characterized by (21)—(23) except that A7 = 1 for all

'8See Guesnerie and Seade (1982) for a justification of this assumption.
9The detailed derivations are available upon request.
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j =0,1,..., K. And, with A/ being defined as previously by (13), the optimal mar-
ginal income tax rates tend to decrease more and more as f (a) becomes less and less
convex (f” (a) becomes smaller). In words, the extent to which the government uses the
marginal income tax rates as an instrument to affect redistribution via general equilib-
rium effects depends on the curvature of the evasion cost function: a lower curvature
weakens the incentives for the government to manipulate the marginal income tax rates
to induce general equilibrium effects on wages. One should nevertheless point out here
that with more than two factors of production the sign of expressions like dg; /On? will
depend on the complementarity /substitutability relationship between factors of produc-
tion. This also prevents one to find a determinate sign for all ¢;s. Nevertheless the fact
that A7 < 1, our conclusions about the effect of tax evasion remain valid.

Finally, observe that in the case when the government can affect the concealment
costs, one can also find a generalized expression corresponding to (17). This is given by,

K k-1 [ K ; ;
ii— i 0gi w' fop (@ R)  w’f,p (a% R)
;)\m‘l [fr (a7 R) = fr ("™, R)] + ;gbi on; ( Wi T w0

j=1
K

=7 N (1+ fg(a',R)).

i=0
and has the same interpretation as previously.

6 Numerical illustrations

This section illustrates our results through a number of numerical examples based on
four types. There are low-skilled and high-skilled agents who are imperfect substitutes
with varying wages. At the same time, within each skill type, there are two different
types of workers who are perfect substitutes but have different productivities: one type
produces more than the other for one hour of labor but at a fixed rate. Specifically,

assume that the production function is of the CES type and given by,

o—1 o—1 <

1 ~ = o—1
0= [10 (N“L“ + 1.1N€2L€2) + % (N’”Lh1 + 1.4N"2L"2) } , o (24)
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where o denotes the elasticity of substitution between high- and low-skilled workers, the
superscripts £1 and ¢2 denote the less and the more productive workers among the low-
skilled agents, and the superscripts A1 and h2 denote the less and the more productive
workers among the high-skilled agents.? We assume that there is an equal proportion
of agents of each skill type and set Nt = N2 = NP = Nh2 =1,

All agents have identical preferences represented by:

L2
U=Inc— —. (25)

2
Regarding the government’s objective function we will consider both the case of a purely
utilitarian objective and the case of a maxi-min social welfare function. Finally, assume

that the evasion function is given by:

f(a,R) = Ba® + 254°R, (26)

where f3 is a parameter affecting the curvature of f (a, R), and R is per capita government

expenditures to fight evasion (set equal to such expenditures/4 in our computations).

6.1 Utilitarian objective

We begin by solving for the case of a purely utilitarian social welfare function, i.e. the
case when the government maximizes W = Zj:&hEi:LgNﬁUji. We set ¢ = 1/2 in
(24) and initially assume that R is not a policy instrument (i.e. we set R = 0). Table
1 reports, for the same model specification, the optimal marginal income tax rates,
MITR, the resulting wages, and the associated utility levels when the possibility of tax
evasion does not exist (the first three columns) and when it does (the last three columns

with 8 =1 in (26)).

20 A5 usual, o = 0 corresponds to the Leontief case and perfect substitutability is attained when o
approaches oo.
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Comparing the results, one observes that the optimal marginal tax rates are more
compressed when agents have the possibility to evade. Specifically, tax evasion lowers
the marginal income tax rates for all types (in absolute value). Additionally, tax evasion
leads to lower wage rates and lower utility levels for low-skilled workers (¢1- and ¢2
types), and higher wage rates and higher utility levels for high-skilled workers (h1- and
h2 types). This reverse redistribution lowers the utilitarian social welfare. The outcome
corroborates the first point we made in subsection 3.3 regarding the effects of tax evasion
in our model. The possibility of tax evasion weakens the incentive for the government
to manipulate the marginal tax rates for the purpose of exploiting general equilibrium
effects on wages.

Second, we examine the effects of the curvature of concealment cost on the optimal
marginal income tax rates (the second point stated in subsection 3.3). To do so, we
lower 8 from 1 to 8 = 0.1 making the concealment cost function less convex. The
results for this case are reported in the first three columns of Table 2. Comparing these
results with those in the last three columns of Table 1, indicates that the lowering of
the curvature of the concealment cost function leads to drastic reductions in the values
of the marginal income tax rates faced by £1-, £2, and hl-types. This is also in line
with our theoretical result that the less convex is the f-function the weaker will be the
incentive for the government to manipulate the marginal tax rates. Additionally, a less
convex concealment cost function results in lower wages and utility levels for the low-
skilled workers (¢1- and £2 types) and higher wages and utility levels for the high-skilled
workers (hl- and h2 types). The utilitarian social welfare too is further reduced.

Third, we consider how government expenditure to deter tax evasion, R, affects our
results. The only thing we could say about this theoretically was that for R to be
positive, it must be possible to increase redistribution from the high-skilled towards the
low-skilled group of workers. The figures in the last three columns of Table 2 report
our findings when R is a policy instrument. These figures show that R has indeed an

interior solution. Moreover, comparisons with the corresponding figures in the first three
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columns show that spending resources to deter tax evasion enables the government to
raise social welfare by strengthening redistribution from the high-skilled towards the
low-skilled group of workers (in line with the observation we made in Section 4). By
making it more costly for the agents to evade, the government finds it more effective to
raise the marginal income tax rates (in absolute value). Which allows it to exploit, to
a larger extent, the tax-induced general-equilibrium effects on wages.

Finally, to illustrate how results are affected when R is allowed to be income-
dependent, we use the same identical evasion cost function (26) while replacing per
capita deterrence cost R by R (Mj ), the per capita value for the group reporting in-
come M7. The results are reported in Table 3. They are to be contrasted with the
corresponding results in Table 2 in the case where the governments attempts to deter
evasion in a non-targeted way.

The first thing to note is the fact that the utilitarian social welfare has now increased
from -1.101 to -1.079. This accords with one’s expectation in that allowing R (MJ) to
vary across income types can never decrease social welfare. The relevant point to
highlight, however, is the finding that the evasion-deterrence efforts of the government
are primarily targeted towards agents reporting a low level of income. Moreover, no
resources are to be spent in this case on thwarting the evasion possibilities of agents
reporting the highest level of income (i.e. we obtain a corner solution for R (M hQ)).
This is in accordance with the theoretical results established in the literature [see, e.g.,

Cremer and Gahvari (1996)].

6.2 Maxi-min objective

To further illustrate our findings we redo our computations for a maxi-min social welfare
function, i.e. the case when the government maximizes W = U'. We again set ¢ = 1/2
and start first with the case when R is not a policy instrument (R = 0). The resulting
optimal marginal income tax rates, M IT R, wages, and the associated utility levels are

reported in Table 3 (with the first three columns corresponding to the no tax evasion
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case and the last three columns to when there is evasion with 8 = 1). The results show
an even higher compression of marginal income tax rates as compared to the utilitarian
case thus corroborating our theoretical comparisons in subsection 3.3. The absolute
value of the marginal income tax rates decrease drastically for all types (particularly
the low-skilled types). Additionally, the possibility of tax evasion lowers the wages and
the utility levels of ¢1- and ¢2-types while increasing the wages and utility levels of
the hl- and h2-types. With the utility level of the low-skilled workers decreasing, the
possibility of tax evasion lowers social welfare.

Second, to re-examine the effects of the curvature of concealment cost, we again
make the function less convex by lowering § from 1 to § = 0.1 and reporting the results
in the first three columns of Table 4. Comparing these results with those in the last
three columns of Table 3 indicates that lowering the curvature lowers the marginal
income tax rates quite substantially for all type (in absolute values). Once again this
corroborates the second point we made in subsection 3.3. In particular, the less convex
is the f-function and the weaker is the incentive for the government to manipulate the
marginal tax rates for the purpose of exploiting general equilibrium effects on wages.
Additionally, the wages and utility levels of £1- and £2- types diminish but the wages
and the utility levels of the h1l- and h2-types improve. Social welfare decreases.

Third, we again consider the effects of government attempting to deter tax evasion.
The figures in the last three columns of Table 4 report our findings when R is a policy
instrument. Comparisons with the corresponding figures in the first three columns
show that spending resources to fight tax evasion enables the government to raise social
welfare by strengthening redistribution towards the low-skilled group of workers. By
making it more costly for the agents to evade, the government finds it more effective to
raise the marginal income tax rates (in absolute value). This allows it to exploit, to a
larger extent, the tax-induced general-equilibrium effects on wages and increase social
welfare.

Finally, we again allow for R to be income-dependent and use the same identical
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evasion cost function (26) to determine how the tax authority will spend its resources.
The results are reported in Table 6. They are to be contrasted with the corresponding
results in Table 5 in the case where the governments attempts to deter evasion in a
non-targeted way.

The maxi-min social welfare now increases from -1.284 to -1.252 as a result of al-
lowing R (Mj ) to vary across income types. Again note that the evasion-deterrence
efforts of the government are primarily targeted towards agents reporting a low level
of income. Moreover, no resources are spent in this case too on thwarting the evasion

possibilities of agents reporting the highest level of income.?!

7 Conclusion

This paper has studied, within a Mirrleesian optimal tax framework, the interaction
between tax evasion and wage endogeneity (due to the effects of taxation on gross-of-
tax wages). Prior studies on optimal taxation with endogenous wages have neglected
tax evasion; while prior studies of tax evasion have neglected the endogeneity of wages.
We appended a production function, that has skilled and unskilled workers as inputs,
to the two-group model of Stiglitz (1982). Using this setup, and in conjunction with the
riskless approach of Usher (1986) to tax evasion, we have derived a characterization for
the optimal marginal income tax rates on the skilled- and the unskilled workers and for
the optimal amount of resources that the government should spend to deter tax evasion.
The results have then been generalized to a many-skilled group model. Finally, we have
run a few numerical simulations to illustrate the magnitude of the phenomena that we
have studied.

Among the findings of the paper are: (i) the possibility of tax evasion weakens the

2! Running many simulations, we find that our result on the government targeting lower-income types,
in its attempt to deter evasion, is robust for the maxi-min criterion as well as the utilitarian case.
However, the zero expenditure on the highest income type can change. For example, if the coefficient
of a®R in the evasion cost function changes from 25 to 250, implying that the evasion-deterrence efforts
of the government prove to be more effective in raising the private marginal cost of evasion, R (M]) in
the maxi-min case will decline from 25.94 to 20.88 to 15.61 and finally to 2.23 as income increases.
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incentives for the government to manipulate the marginal tax rates for the purpose
of exploiting general equilibrium effects on wages; (ii) the effect of tax evasion on the
optimal marginal income tax rates depends on the convexity of the concealment cost
function: the tax rate decreases as the cost function becomes less convex; (iii) optimally
spending resources to deter evasion strengthens the redistributive potential of taxation
via the general-equilibrium effects on wages resulting in higher marginal income tax rates
(in absolute value); and the evasion-deterrence efforts of the government are primarily

targeted towards agents reporting a low level of income.
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Appendix

Proof of Lemma 1. Part (i). Recall that the agent monotonicity condition in (wL, ¢)-

4 (%)
dw \ OwL '

But ¢ =a+ B — f (a) and wL = M + a. Consequently, given any point (M, B), we have

d (a(a+B—f(a))> d

dw 9 (M +a) :%(l—f/(a))<0. (A1)

space requires

Recall, from (9)-(10), that 1 — MRSy = [’ (a). It thus follows from inequality (A1)
that
d

— MRSy <0,
dw

which is the single-crossing property in the (M, B)-space.
Part (i1). The single-crossing property proved in Part (i) implies

MRS", (Mf, Bf) < MRS%, 5 (Mf, Bf)

On the basis of this inequality and the fact that 1 — MRSy = f'(a), we have 1 —
i (ahé) <1-—1f (aé) or f’ (ahé) > f (ag). It then follows from the convexity of f (-)
that,

a > at. (A2)

Proof of Lemma 2. We first derive a number of algebraic expressions that are subse-
quently used in the proof. These expressions also simplify the first-order conditions of
the government’s problem summarized by the Lagrangian (8) and the proof of Proposi-

tion 1.

Step (i): Algebraic derivations to be used in the proofs.
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The effects of a change in B?, M7, and w? on a j-type’s choice of L7. Implicitly
differentiating equation (6) partially with respect to B’, M/, and w’ yields, for
all j = h, ¢,

oL’

oL’ w f
OMT T i (wir 0 (44)
oL’ L—f —w LIf"

Observe also that in the case of a mimicker the first-order condition (6) takes the
form

v (ij) = w! [1 —f (ijjk - Mk)]
so that its implicit differentiation yields

oLk B 1— f/ (ajk) _ ijjk:f// (ajk)

i (LR 4 (wh)? 7 ()

(A6)

The effects of a change in B, M7, and w’ on a j-type’s choice of a/. Recall
that individuals’ earnings consist of reported and not-reported incomes. That is,
w/L) = M7 + o/. Partially differentiating this relationship with respect to B’
and M’ and substituting from (A3)—(A5) for L' /0B, 0L/ /OM’, and L’ |Ow’

yields,
da’
j 3\2 en o
oo () R A (A8)
oM v//+(w3) f// ,U/I_;’_(w]) f//
owi owi + (wj)Q Iz

As to the mimicker, it follows from partial differentiation of w’/L/* = o/% + M

with respect to w’ that

da’k ) YPL Liky! (3% + J[1 — £ (g7*
% =" o owi U// ( k) - '[2 ! (1? )} : (A10)
V" (LI%) + (w?)” f (a7F)
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e The effects of a change in B’ and M7 on n. Partially differentiate n = N"L" /N‘L*
with respect to B", M", BY, and M*. We have,

on Nk oLh
oBh NfLéth_O’ (All)
on N oLh _n wh (ah) (A12)
oMM NCLEOM"™ — Lhoyn(Lh) 4 (wh)? 7 (ah)’
on Nhph 9 1
aB° ~ NT an<Lﬁ)_ : (AL3)
On _ NMM 9 (1) NMLEY ) w'f" (af)
oMt~ NU oMt \L') Nt (O v (L0 + (wh)? f (af)

B (_n> e (A14)

LEJ o () + () 1 o)

where we have substituted the expressions for L"/0B" and OL" /OM" from (A3)-
(A4) and the expressions for OLf/0B* and OL*/OM* from (A3)-(A4).

o The effect of a change in w® on n. Partially differentiate n = N"L"/N*L with
respect to w' to get,
29L" guwh hOL*
L gum awt — L 507

(Lf)?

Lhowh ow’  LL w’

o Nt o (1N
ow!  Ntow! \Lt) Nt

_n< 1 oL ouw" 1 8L€>

Substitute the expressions for OL"/Ow" and OL*/0w’ from (A5) into above and

simplify:

on — [11 _ f/ (ah) . ,thhfl/ (ah) awh 11— f/ (CLZ) _ wéLef” (ae)]

out LE o (L) + (uh)? 7 (ah) 9wt LE o (1) + () 7 (a)

1 wh[1—f (a?)] = (w")* LPf7 (ah) S’

T @ e o
wtLt o (LY) + (wf)Q £ (at) '
Introducing the notation
W =" (1) + (w?)? " (a?) > 0, for j =,k (A16)
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and recalling the definition of AJ (for j = ¢, h) provided by (13), one can rewrite
(A15) as

wh [1 = f" (a")]

on 1 hoan| 0wl 1 |w 1= f"(a")] W
owl n{thh Wh -LA E?wf_weLel Wt -LA
1—f'(a") At ow' [1-f'(a¥) Af
- "{[ LAl wh | owf | LW Wl | [ (A17)

To further simplify (A17), observe that,

owh  ow"/on p" (n) —1
owt  owt/on  p'(n)—p (n) —np”’(n) n

where Ow"/On and Ow’/On are found from differentiating relationships (4)—(3).
Substituting in (A17) and further simplification results in

on 1—f(a") 1—f(a¥) A" At
ol ~ | T T o el | (A19)

The effects of a change in B, B* M3, M* wi, and w* on Vi =V (Mj,Bj;wj)
and Vik =V (Mk, BF. wj). Recall that V (M, B;w) denotes the maximum value
function of problem (5) with the associated notation V7 = V (Mj,Bj cwd ) and
Vik =V (Mk, BF. wj). Invoking the envelop theorem, we have, for all j = h, ¢,

g; = 1, (A20)
%Vl;: = 1, (A21)
SA‘Z = - ()] (A22)
i = () o
Z‘u/}j = L[1-f(a)], (A24)
W~ iy (o). (A25)



Step (ii): Proof of the negativity of ¢. We have,

oL ovhawh vt avht guh
got — BV G0 gut THeu ~ A ouh gur
e { v G S e+ (1o ) o
e () e - ()] (2]
+v {weNfgii + whNhgiZ_nl — Nt (Lf + wfgii) — N® <Lh + whgiii) _nl}
+ <1 - g';”) 9,

= Nz g (o) et - f( N A =g (@)
{ ( ) (Lh) } <1— )cé,
= st [ ()] St [ g ()] - g ()]
+<1 g§”>¢ (A26)

The expressions involving A and p in (A26) can also be simplified. Multiply (A32) by
[1— f"(a")] L"/n, multiply (A38) by Lt 11—y (ag)], and add the resulting equations
together:

[1a— ] 2 [ g ()] [ = 2] 21— g ()] =
Moving all the expressions involving v to the right-hand side,
o B e @] ()] = [ ()

S i (4

n

- )

)]

Or

h

(14202 1= f (") |4t 1= (o) = a2t 1= g (af) it | £ (a) = 7 (of)]
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Then substitute it in (A26) to get

oL = i (o) e [ (o) = ()] B [ ()] + (- ) o

/
= A{LZ [1-7(a )}+L—[1— (a“)]}+< —g’§$>¢+wfﬁ [ (a) = £ (a)]
(A27)

Now observe, from (10), that f’(a?) = T (M?) where the values of 7" (M") and
T' (M*) are given by (11) and (12). Substituting these values in the last expression of
(A27), we have

g = ML @O s @)+ (105

/
A
NLE [ Ah 99
+ [ YW NPLE ~ A NT

gng’
(MRSfWB - MRS%B) + A TR

Substituting the expression for On/ow’ from (A19) into above and simplifying,

o

% _ A{Lé[l—f'(ae)wﬁzhz[“fl(ahg)]}Jr
o 5
A0 ALt (MRS} - MRSl) + A
e ()] 2 e ()]
{1+ L-f(a")  11-f(d)

Lh yh o LZ vt
Finally, substituting M RSY, for 1 — f' (a’), MRSk for 1 — f' (a), and MRSH,

} 6 — L' (MRS} — MRS}

for 1 — f’ (ahe) in above results in

oL ¢ ‘ Lh At MRSt , MRS,
5o = >\<L MRSyp + ——MRSjp | + 1+4 Thgh T Tt o)
AL (MRSfW 5 — MRS B) . (A28)
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Setting 0L /0w’ = 0 in (A28), one ends up with the following expression for ¢,

. (B + L) MRSl )
- 14 (MRSXZB MRwaBn> g,’

Lhgh Lrw!
where ¥/ > 0 was defined in (A16).
With ¢ = p' —p' —np” = —np” > 0, it follows that ¢ < 0.

Proof of Proposition 1: We do this in two steps.
Step (i): Proof of equation (11). The first-order conditions of the government’s

problem, summarized by the Lagrangian (8), with respect to B" and M" are:

ovh NP 9ah h , Oal ovh , On

oph 7 [P’Lwhth NN th} A omn %9 gpr =0 (430)
ovh Nk dah n Oal ovh , On

anh 7 [Phwh (1 - 8Mh> N BM’J T Aoarr % garn = (A31)

Set P, = w" and substitute from (A7)-(AS8), (A11)-(A12), (A20) and (A22) in (A30)-
(A31). Simplify and rearrange the terms to rewrite equations (A30)—(A31) as

14+ X =~N", (A32)

8Vh n whf// (ah)
(1 + /\) OM™N N ﬁvll (Lh) + (wh)2 f// (ah)

¢g' —YN". (A33)

Substitute for 1 4+ A from (A32) into (A33) to get

h “Wh) o whyr(ah) , \
W (1 " MM ) Lh g (LM) + (wh)2 f (ah) g (A34)

Using the definition of the marginal income tax rate in (9), one can rewrite (A34) as,

w"f" (a") ¢ng’

Tl( h) - o (LM + (wh)2 7 (ah) ANhLh’ (A35)

which, using the definition of A", is identical to (11).
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Step (ii): Proof of equation (12). The first-order conditions of the government’s

problem with respect to BY and M* are:

oVt Nt da’ 0 g 0dt ovht , On
“aBe”[PeweaBe‘N ‘NaBe]‘ ot~ % opr = (A30)
oVt N* da’ , Oa’ ovht , On

set P, = w’ and substitute from (A7)-(A8), (A13)-(A14), and (A20)-(A23) into (A36)—
(A37). Simplify and rearrange the terms to rewrite equations (A36)—(A37) as,

=N+ A, (A38)
avé avhf ¢ng/ wéf// (aé)
—— = —yN 4+ ) — . A39
Yowt = TN N T @ i Y

Substitute for p from (A38) into (A39) and rearrange the terms to get,

¢ he ¢ / Cpm (0
N <1+ 8V€) :)\<6V€ B 8Ve>_¢n€g w'f (aQ) '
oM oM* oM LE o (L9 + (wh)? f7 (at)

Using the definition of the marginal income tax rate in (9), one can rewrite the above

equation as

T, (Mf) _ 1 8vh€ B avé B ¢ng' wéf// (af)
Nt oMt oMt Lt (LY) + (wé)2 £ (at)
A ¢ ne \ w'f" (a’) ong'
= S (MBSks — MRSYs) = — o= S R (A0

which, using the definition of A, is identical to (12).

Derivation of equations (14)—(15). In the absence of tax evasion, the govern-
ment’s problem continues to be summarized by the Lagrangian (8) except that in this

case a = 0. Nor is there the taxpayer’s optimization problem (5) and the associated
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first-order condition (6). The first-order conditions of the government’s problem with

respect to B", M" Bf, and M’ equations (A30)-(A31) and (A36)-(A37), simplify to

ovh Lo LoV on
th_ny +)\th_¢9/th :07 (A41)
ovh LoV , On
oarh TN T AGam — 09 g = 0
oVt ., OV on
Womr N = AT~ 9 g = (A42)
oVt PRNG) 74 on

As previously with tax evasion, the expressions for V7 /dB7, V" /oB¢, 0V /OM? | and
OV MY, for j = h,{, are given by equations (A20)-(A23). Similarly, we continue
to have dn/0B" = On/0B’ = 0 but the expressions for dn/OM" and On/dM* now
simplify to:

on %) NhpP NP n

oMP —  whoLh <Nfof> " wWhNILU T whLh

on Nhph 9 1 Nhph —1 —n
oMl ~ N wloL! (Lf) ~ WINT (Lo T wfLl

Substituting all these expressions in (A41)—(A43) they simplify to,

14+ \=~N",
ovh n
(1+)‘) aMh +7Nh:¢glthha
p=N"+ A,
oVt ), LOVM "
TR VA <ww> -0

Eliminating 1 + A between the first two equations and p between the last equations

yield,

avh n
h _ /
F}/N <1+ 8Mh> - d)g thh’

oV avht gyt n
4 —_ o o /
Lo (1 * aMf) A (aMﬂ aW) %9 (MLZ) '
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Then, from the definitions of the marginal income tax rates and the marginal rate of
substitution between consumption and income, one can rewrite the above equations as

equations (14)—(15) in the text.

Proof of Proposition 2. With R being endogenously determined, the optimization

problem (5) is amended as
V(M,B,R,w) = {mazc U=wL—-M+B- f(wL—-DM,R) —U(L)},

so that, from the envelope theorem, we have

ovi .

oR = —fr (a’ja R) > (A44)
oV Ik ‘

o= = I (a]k, R) . (A45)

Substituting for V" /OR,0V¢/OR, and OV /OR, from equations (A44)-(A45), into

the first-order condition (16) in the text, we have
on

— (1) fr (0" R) = (a', R) + M fr (", R) = (N' + N") y—gg' 52 < 0, (A46)
From (A32), substituting yN” for (1+ \), and from (A38) substituting (yN¢+ X) for
W, one gets

on
h h 4 l ht 14 h /

- - - —$g —— < 0.

YN" fr (a ,R) ('yN —I—)\) fr (a ,R>+)\fR (a ,R) (N +N )’y og 3R <0

Rearranging the terms and focusing on the case of an interior optimum (i.e. the case

where the optimal value of R is non-zero), we have

i () i ()] o Gy = [0 (1 g (o)) 9 (104 1 (o))
(A47)
To show that relationship (A47) reduces to condition (17) in the text, we have to
prove that

n. (A48)

on  [w'far (a" R)  w'fur (a’,R)
@ = - Lhwh - TLApL
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To do so, differentiate n = N*L" /N*L* with respect to R to get

h [ peaLt _ phoLt h ¢
on N[ L oL :n[laL 1 0L (Ad9)

GR=N | (L) I oR I oR|
To determine OL"/OR and OL‘/OR, observe that the equivalent of equation (6) when
R is a choice variable by the government is given by,

' (L) =w(l - f, (wL — M, R)].

Partially differentiate this relationship with respect R and rearrange the terms to get,

oL _ —wfur (a, R) . —wfar (a, R)
OR 0" (L) 4 w?feq (a,R) o '

(A50)

Substituting from (A50) for AL"/OR and OL’/OR into (A49) results in (A48).

Finally, to determine the sign of Q = — (9n/JR) ¢¢’, recall that ¢ < 0 and ¢’ > 0.
As to the sign of dn/OR, our assumptions on v (-) and f(-,-) ensure that v” (L) +
w? faq (a, R) > 0. Moreover, the assumption that fg (a, R) is increasing in the absolute
value of a, and the fact that a” < 0 and af > 0, imply fur (ah, R) < 0and f,r (ae, R) >
0. Hence the bracketed expression on the right-hand side of (A48) is negative implying
that On/OR > 0. Consequently, Q > 0.
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Table 1. Optimal marginal income tax rates with and without evasion
Without evasion With evasion: g =1
Skill-type | MITR wage utility MITR wage utility
‘1 31.01% 0.355 -1.115 28.09% 0.305 —-1.283
02 42.98% 0.391 -1.082 32.01% 0.336 -1.243
hl 18.82% 0.732 -0.970 14.01% 0.757 —0.947
h2 -3.52% 1.020 —0.737 -2.62% 1.059 —0.657
Utilitarian Social Welfare = —0.976 | Utilitarian Social Welfare = —1.032

Table 2. Optimal marginal income tax rates with and without government
fighting evasion

5 = .1: Evasion is not fought 5 = .1: Evasion is fought

Skill-type | MITR wage utility MITR wage utility

/1 2.86% 0.163 -2.103 29.11% 0.295 -1.384

£2 3.18% 0.179 -2.028 32.42% 0.325 -1.341

hl 4.11%  0.846 —0.702 13.49% 0.762 -0.993

h2 -2.03% 1.184 -0.377 -2.65% 1.067 -0.681
Utilitarian Social Welfare = —1.302 | Utilitarian Social Welfare = —1.101

Table 3. Income-dependent R with g =.1

Skill-type | MITR wage utility R
/1 31.31% 0.308 —1.343 3.987
02 34.73% 0.339 -1.303 4.265
hl 7.09% 0.755 -1.016 0.905
h2 -0.05% 1.058 —0.657 0

Utilitarian Social Welfare = —1.079
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Table 4. Optimal marginal income tax rates with and without evasion

Without evasion With evasion: 5 =1
Skill-type | MITR  wage utility MITR  wage utility
/1 81.44%  0.582 —1.054 42.80% 0.361 -1.229
02 65.65%  0.640 —1.047 46.75%  0.397 -1.196
hl 35.39%  0.640 -1.047 25.71%  0.729 -1.012
h2 -20.86% 0.896 —0.877 -11.79% 1.020 —0.754
Maxi-min Social Welfare = —1.054 | Maxi-min Social Welfare = —1.229

Table 5. Optimal marginal income tax rates with and without government
fighting evasion

8 = .1: Evasion is not fought 8 = .1: Evasion is fought

Skill-type | MITR wage utility MITR wage utility

/1 2.87% 0.164 -2.102 62.97% 0.459 —1.284

02 3.19%  0.180 —2.027 66.96% 0.504 —-1.258

hl 5.23%  0.845 -0.702 31.16% 0.686 —-1.187

h2 -2.62% 1.183 —0.381 -8.12% 0.961 —0.927
Maxi-min Social Welfare = —2.102 | Maxi-min Social Welfare = —1.284

Table 6. Income-dependent R with g = .1

Skill-type | MITR wage utility R’
/1 65.03% 0.476 —1.252 6.29
02 69.13% 0.523 —1.228 6.73
hl 28.07% 0.679 -1.174 3.61
h2 -1.32% 0.951 -0.901 0
Maxi-min Social Welfare = —1.252
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