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Abstract
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findings, we find that a good that is complementary to leisure can be encouraged by the tax
system, and that a good that normally should be discouraged by the tax system can be
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1 Introduction

A well-known problem with income taxes is that they punish hard-working
people. Nozick (1974) for example asks why somebody who prefers looking
at the sunset should pay less taxes than somebody who has to earn money
in order to attain his pleasures. This question is not only important on
its own normative ground, but also because tax systems that violate gen-
eral conceptions of equity will be replaced if enough citizens call them into
question.

As a matter of fact, such questions of equity have to a large extent
been neglected in the optimal taxation literature, where one of the stan-
dard assumptions is that all individuals share the same preferences.! At the
same time, philosophers and social choice scholars have been investigating
redistributive schemes where individuals are held responsible for certain in-
equalities.? In particular, it is often advocated that an individual ought to
bear the consequences of the characteristics which he has chosen himself.
This line of reasoning, much of which originates from Dworkin (1981a, b),
is especially relevant for optimal income taxation if the utility of leisure
is heterogeneous across individuals. In such case, the government may not
want to compensate people for income differences that are due to differences
in tastes. However, since it is generally assumed that the government can
only observe the income of an individual, it is impossible to find an income
tax scheme that only compensates for differences in abilities. Indeed, in the
public debate it is frequently pointed out that transfers to low skilled but
hard-working persons are also benefiting more highly skilled but also more
epicurean individuals. In the eyes of the government, they are alike since
their pre-tax incomes are similar. In this paper we investigate if and how
the government can use linear commodity taxation and non-linear income
taxation to escape this dilemma.

Related to the principle of responsibility for certain inequalities is the
horizontal equity (hereafter HE) principle of equal treatment of equals. In-
deed, an interpretation of the HE principle is that if two individuals differ
only in tastes, then the government ought to treat them identically. The
literature contains several suggestions of the status and definition of HE.
Musgrave (1959) argues that in the ability-to-pay approach to taxation,

'Possible exceptions are provided by Cuff (2000) and Boadway et al. (2002) for the
finite case, while Tarkiainen and Tuomala (1999) develop a computational approach to
tackle the problem of two-dimensional population in the continuous case. All the quoted
authors neglect the problem of the optimal structure of commodity taxation and work with
models where leisure is additive separable from other consumption goods. Sandmo (1993)
examines the utilitarian case for a linear income tax under the assumption that differences
in earnings are explained by differences in preferences over work and consumption; he also
has a brief section in which both market abilities and preferences for leisure are allowed
to vary.

?See Fleurbacy and Maniquet (2002) for a review.



“horizontal and vertical equity are but different sides of the same coin.”
However, there are several reasons for taxing people with the same ability
differently. Besides the conflicts arising from the government’s lack of in-
formation, Stiglitz (1982) demonstrates that the HE requirement does not
follow from the maximization of a traditional utilitarian or more general
social welfare function (which does not consider relations between individ-
ual outcomes), and, more strongly, that it may also be inconsistent with
Pareto optimality. In a recent contribution, Kaplow and Shavell (2001)
prove formally that any non-welfarist method of policy assessment, such as
the concern for HE, violates the Pareto principle.?

In view of this expected conflict between horizontal and vertical equity,
it is often argued that the former should take precedence over the latter. In
line with this, Atkinson and Stiglitz (1976, 1980) suggest the imposition of
a HE constraint on the maximization of a social welfare function. Feldstein
(1976) instead suggests to balance the fulfilment of HE against the utilitar-
ian principle of welfare maximization. Regarding the definition of HE, the
proposed measures are as a rule either based on tax payments or on utilities.

In this paper we stay close in spirit to the interpretation of the con-
cept given by Bossert (1995) in terms of “equal transfers for equal circum-
stances”,* and require that individuals of the same ability must pay the
same amount of taxes irrespective of their preferences.” This can be jus-
tified by the observation that people with the same ability share the same
opportunity set, and while differences in this set can in some moral sense
be deemed “irrelevant” and therefore call for compensation, differences in
preferences may be regarded as morally “relevant”, suggesting that compen-
sation is ruled out for such differences. The individuals are fully responsible
for their preferences.

Our approach is to introduce the principle of equal transfers for equal
circumstances as a constraint on the maximization of a utilitarian social
welfare function. Although we have to admit that the choice of a tax-based
rather than a utility-based measure is to some extent arbitrary, it is simple
and also sufficient for focusing on the moral difficulties raised by the fact
that the government can observe income differences but not differences in
abilities or preferences.

3The term “non-welfarist” refers to any conception of social welfare that gives weight
to factors other than the satisfaction of the individuals’ preferences.

4This terminology comes from the division of the sources of individual outcomes into
wills, resources and circumstances. According to this division, the individual is responsible
for his wills, whereas the circumstances are factors outside his control. Differences in
circumstances can be compensated by reallocating the resources.

® A similar argument was put forward by Allingham (1975).

®The policies analyzed in this paper differ from policies that can be derived from
conceptions of justice based on equality of opportunity. In contrast to what is suggested
by Roemer (1998, 2002) the government in our model does not seek to equalize outcomes
for comparable people with different abilities.



The concern for HE modifies the rule for optimal commodity taxation.
Contrary to normal findings, a good that is complementary to leisure need
not be discouraged by the tax system and, perhaps more peculiar, a good
that should be discouraged by the tax system in the absence of the HE
condition need not be taxed at a positive rate once this condition is imposed,
even if the economy is composed by only two private commodities plus
leisure.” We also derive effective marginal tax rates for individuals with
different characteristics and compare them with the tax rates derived in an
ordinary optimal taxation model. Also in this case we find some peculiar
results; particularly interesting, the popular end-point result of no distortion
at the top (of the skill distribution) can be violated.

The paper is organized as follows. In Section 2, we present the model and
give some remarks on how it compares to other related papers. In Section
3 we derive the structure of the optimal tax policy. Section 4 concludes the

paper.

2 The Model

We consider an economy where there are three goods (two private consump-
tion goods ¢ and z plus leisure), and three types of individuals. The indi-
viduals are characterized by their skill or ability (w® or w”) (reflected, by
assumption of perfect competition, in the unitary wage rate they are paid)
and by their taste for leisure (o’ or a¥), where superscript H (L) denotes a
high (low) ability or taste for leisure. There are 7' low skilled, low taste for
leisure individuals (type 1 with w” and o), 7% high skilled, high taste for
leisure individuals (type 2 with w® and af?), and 73 high skilled, low taste
for leisure individuals (type 3 with w* and al). Preferences are represented
by the utility function u (¢, z,@'l), where o is the preference parameter of
an individual of type ¢ and [ is the labor supply.

Production is linear and uses labor as the only input; units are chosen
to make all producer prices equal to one and good z is chosen as numéraire
and set untaxed. Consumer prices are represented by the vector (1 +¢,1) =
(g,1). In addition to the commodity tax, the individuals have also to pay
a non-linear tax 7' (Y) on income Y. Thus, disposable income B equals
Y — T(Y) and the total tax liability is 7(Y) = T (Y) + te. The indirect

utility of an agent of type i is V* (q, B, g—ZY1> , where the superscript on

the indirect utility function is for notational convenience only.® Henceforth

"In the standard optimal taxation problem with two private commodities plus leisure,
the concept of discouragement (encouragement) becomes equivalent to “being taxed at a
positive rate” (“being subsidized”).

8For given B and Y the conditional indirect utility V (¢,B,Y,w,a) is defined
as max {u (c, 2, %Y) | gc+ z = B}; optimizing agents will then maximize their own

V (¢, B,Y,w, ) subject to the link between pre-tax earnings and post-tax earnings avail-



(%)(Z) will denote the ratio of the preference parameter to the productivity
parameter for an individual of type ¢. The indirect utility function has the
following properties: V, <0, Vp >0, V3 < 0.9 In order to satisfy the single-
crossing condition (indifference curves cross only once) we will also assume
V33 < 0 (labor is annoying at increasing rates) and Vg3 < 0 (an increase in
private consumption is valued more, the less “experienced hours” (al) the
person is working, i.e. normality of private consumption and “experienced”
leisure). !0

Compared with the related models developed by Cuff (2000) and Boad-
way et al. (2002), the distinguishing feature of our model is the introduction
of an additional, taxable commodity. Cuff uses a model with three types
of individuals and a two goods economy (private consumption plus leisure),
where high skilled individuals have low taste for leisure, while there are low
skilled individuals both with high and with low taste for leisure. The individ-
uals’ utility functions are quasi-linear and affine in consumption. Boadway
et al. (2002) use a model with four types of individuals (and the same two
goods economy), in which low skilled individuals with low taste for leisure
are indiscernible from high skilled individuals with high taste for leisure.
The individuals’ utility functions are quasi-linear, but in their case affine in
labor.

Dealing with a two goods economy, the quoted papers are confined to
studying the shape of the optimal income tax schedule and cannot examine
the potential role of commodity taxation. Notice however that, even if indi-
vidual utility functions are not separable between leisure and other goods,
when g—ﬁ = g—f, commodity taxes could not be employed in order to screen
between low skilled, low taste for leisure individuals and high skilled, high
taste for leisure ones. Relaxing this assumption, two cases become possible:

. L H .. L H L H
i) 27 < 2 orii) o > 2. Suppose first that 27 < 23; then we face

8] OCL 8]

the following chain of inequalities: w—z < or < w—ﬁ This means that at
every point in the (Y,B)-space, the slope of the indifference curve of a low
skilled, hard working individual is shallower than the one of a high skilled,
epicurean individual, and that for this pair of individuals the ordinary rank-
ing of the indifference curves based on their slopes is reversed. If instead it
is f;—i > g—z, then the chain of inequalities is g—g < g—fl < f;—i This case
reflects more closely the standard one since there is no individual with high
ability that has indifference curves in (Y ,B)-space that are steeper than
the ones of a low skilled individual. The ordinary ranking of the indiffer-
ence curves that one gets in a one-dimensional model persists. Since this is
probably the more realistic setting, we will only present the solution of the

able for goods expenditure implied by the direct tax schedule.

9The subscripts denote partial derivatives; in particular, V3 denotes the partial deriv-
ative with respect to the third argument.

'0A formal proof of this result can be found in Jordahl and Micheletto (2002).



model under case ii).

One feature of the model should be stressed before going on with the
formal analysis. In standard optimal taxation models, the inability to ob-
serve the types of the individuals raises a familiar problem. The government
wishes to redistribute resources from high skilled to low skilled individuals'!
but, not knowing who is who, all it can do is to tax higher incomes more
heavily than lower incomes. This may create an incentive for high skilled
individuals to reduce their labor supply and “mimic” the low skilled indi-
viduals. Thus, having imposed the single-crossing condition, the binding
self-selection constraint thwarting the government in its attempts to redis-
tribute among individuals runs downwards from high skilled (high earning)
individuals towards low skilled (low earning) ones. In a finite-class economy
this is generalized by saying that an optimal allocation results in a sim-
ple monotonic chain to the left (Guesnerie and Seade, 1982), which means
that each pair of successive bundles are L-linked'? by a downwards binding
incentive-compatibility constraint. However, as long as individuals differ
both according to their market ability and according to their preferences for
leisure, this is no longer necessarily true even if (as in our case) the single-
crossing condition still holds. We cannot tell a priori which one of the pair
of self-selection constraints is going to be binding. Both constraints could
even be binding at the same time.!3

3 The Optimal Tax Mix

In this Section we derive the optimal tax mix for a utilitarian government.'
To get a benchmark case, we will first quickly present the results that are
obtained without imposing the HE constraint. Then we present the results
of the full model including this constraint.

3.1 Without the HE Constraint

When the (utilitarian) government neglects questions raised by the hetero-
geneity in tastes, its problem is the following:

"'This happens because utility normally increases with the wage rate.

'2Using the terminology of Guesnerie and Seade (1982), a corner (or chosen bundle) is
linked to another if they both belong to the optimal set of some individual h, or equiva-
lently if there is an indifference curve of h which passes through both corners and is the
highest h can reach on his budget set. Individual h is said to link these corners. A corner
C; is W-linked (W for winner) if some h links C; to some other corner Cj, and is allocated
C;. A corner C; is L-linked (L for loser) if some h links C; to C;, and is allocated C;.

!3Notice that the aforesaid properties are a common feature of all models introducing
heterogeneity along more than one dimension (see Balestrino, Cigno and Pettini, 1999,
2002 and Cremer, Pestieau and Rochet, 2001).

1n accordance with standard practice in the optimal taxation literature, we will simply
assume that a solution exists and characterize the optimal tax mix conditional on this
assumption.



1771 1 aly1 21,2 2 aff v, 2

g R TV <q,B oLy ) 2V (q,B oy )+
+72V? (g, B%, 27 v?)

subject to the budget constraint:!®

(Y= B 4 tc!)+n? (Y2 = B2+ 1) +73 (Y3 — B3+ tc%) >0, (7)

and the following self-selection constraints:'©

V2 (q.8%, 27v?) > V20 (g, B', 25y (\9)
V3 (g, 8% 27Y3) > VO (g, B, 257, ()

where a “hat” above V* indicates that the indirect utility is evaluated at
a point where type/z'\is mimicking another type and we follow the conven-
tion to denote by V() the indirect utility of an individual of type j trying
to masquerade as an individual of type ¢. The subscripts on the Lagrange
multipliers indicate the type of the potential mimicker, and the superscripts
indicate the direction of the incentive-compatibility constraint: “u” for up-
wards and “d” for downwards (according to the ranking given by the slopes
of the indifference curves). Since single-crossing holds, we only need to
take the self-selection constraints linking pairs of adjacent individuals into
account.

3.1.1 The Indirect Tax Structure

The optimal commodity tax rate ¢ is implicitly given (see Appendix A) by:

3 > — —
t 2 e a—q = ; /\gVB( ) <Cl — 2(1)> + /\gVB( ) 02 —A03(2) . (1)

Notice that in eq. (1) the term A inside brackets (which is referred to
agents that are both high skilled) is non-zero as long as c}, the derivative
of the demand of agents of type ¢ for commodity ¢ with respect to the
third argument in the individual utility function, is different from zero. On
the other hand, c3 # 0 simply means that the consumption of the taxed
commodity is positively related to labor (if c3 > 0) or negatively related to
labor (if c3 < 0).

Without the HE constraint the sign of the r.h.s. of (1), and therefore of
t, is unambiguously determined once the relation between the taxed com-
modity and leisure is known.

15Tt is assumed that taxation serves a merely redistributive purpose.

16In shaping the self-selection constraints we are implicitly exploiting the circumstance
that the utilitarian solution belongs to the family of “normal cases”, i.e. entails redistri-
bution from high- to low skilled agents.



3.1.2 The Marginal Effective Tax Rates

Now consider the marginal effective tax rate (METR). Since there are only
two commodities and one is chosen as numéraire and set untaxed, the effec-
tive tax rate is defined as 7(Y) = T(Y) +tc [¢,Y — T (Y), 2Y]. Differenti-
ating gives the METR:

=T+t gB(l—T/)—i-Cg— (2)

As usual we can derive an expression for the marginal income tax rate
faced by an individual by considering his optimal choice of labor supply.
From the first order conditions of the agent’s problem max V (q,B, %Y)
subject to B=Y —T(Y)itisT' =1+ %% Substituting this value into
(2) provides an alternative expression for the METR:

aV3 Oc

In Appendix B it is shown that, as expected, the METR is positive for
agents of type 1 and 2, but zero for agents of type 3.

3.2 With the HE Constraint

Since we defined HE as the requirement that individuals of the same skill
level must pay the same amount of taxes, the constraint on the government’s
problem takes the form:

Vi=t(?-c®)+Y? - B>+ B, (4)

Substituting (4) into the indirect utility function of type 3 individuals, the
government’s problem then becomes:

17,1 1 ofy1 27,2 2 afl v, 2
BLBLB Y1 Y2 v (q’B rwt ) L (q’B vt >+
+7m3V3 (q, B3 a—g [ (62 - 03) +Y2-B%+ B3]>
subject to the budget constraint:
mt (Y1 — B!+ tcl)—|—7r2 (Y2 - B?+ tcz) +3 (Y2 - B?+ tc2) >0, (v)

and the following self-selection constraints:!'?

Vi(g, B 20v1) = V10 (g, B2, 25v?) (D)

7Since single-crossing holds, we only need to take the self selection constraints linking
pairs of adjacent individuals into account.



V2 (q.8%, 25v?) > V20 (g, B, 2571 (x3)
V2 <q, B2, g-ﬁﬂ) > 1203) <q, B o [t (2~ ) + Y2 - B+ B3]> L)
V3 (0, B% 2 [t (2= &) + Y2 = B2+ BY]) 2 V3O (g, B2, 2572) . (x9)

Notice that every variation in B2, B3, Y2 and t must be accompanied by
a proper variation in Y3, the pre-tax income of type 3 individuals, in order
to match the HE requirement. Differentiating the HE constraint (4) we get
the following results:

el ®)
dB? 1+tcdon’

v ot ©)
dB? 1+ tcd2y

ay®  1+tdey -
dy? 1+ tcdoy

avs  F-dt(9E -9

dq N 1 —I—tcgg—f{ ' ®)

Considering the “normal” case when redistribution goes from high- to
low skilled individuals, we can show that an optimum is not compatible with
the Lagrange multiplier A} being different from zero. The argument is very
close to that provided by Brito et al. (1990) to prove the result (stated
in their Proposition 1) that, at any efficient allocation, individuals of one
type will always view the bundles of individuals of other types who have
a larger total tax liability as strictly inferior to their own. To show that a
similar result holds also in our model, suppose that there exists a solution to
the government’s problem such that the constraint A} is binding. Then the
government could improve upon the suggested allocation by simply letting
the low skilled agents reach the point intended for those whom they are
willing to mimic. Since redistribution is assumed to go from high- to low
skilled individuals, this would imply that the low skilled agents switch from
a bundle where the total tax liability is negative (they are net receivers)
to a bundle where it is positive. Leaving the value of the maximand of the
government’s problem unaffected (since the low skilled agents were supposed
to be indifferent between the two points), such a switch would be socially
desirable since it weakens the budget constraint of the government while
not tightening the incentive-compatibility constraints. Notice in particular
that we couldn’t have invoked something similar to Proposition 1 by Brito
et al. (1990) if the imposition of the additional (HE) constraint to the



standard problem of a utilitarian government had reversed the direction of
redistribution among agents. However, it is easy to see that this cannot occur
since then, in a purely redistributive context, the objective to maximize the
sum of utilities of different agents would be better achieved by an optimal
tax policy involving no taxation at all (laissez-faire outcome). The HE
requirement does not change the fact that if some kind of fiscal policy is in
place, then low skilled agents pay a strictly lower amount of taxes than high
skilled ones.

On the other hand it is not possible to avoid taking the other self-
selection constraints into account. In particular, and contrary to what would
have happened hadn’t we imposed the HE restriction, we cannot disregard
the constraint A5. This is because individuals belonging to type 2 and 3
are adjacent and, since we require them to pay the same total tax liability,
it is possible that either of them would like to mimic the other. Notice
however that the HE constraint rules out bunching, which would mean that
they earn the same gross income and have the same income tax liability. In
order to pay the same total taxes in such a case, they would have to pay
the same amount of commodity taxes and this can only happen if c3 = 0. It
follows that, apart from this special case, the constraints A% and A4 cannot
be binding at the same time.

3.2.1 The Indirect Tax Structure

The optimal commodity tax rate ¢ is implicitly given (see Appendix C) by:

L 9 _ 9k

Q" "9 9q
w 1+tc§$—H

V0 (& - W) + 73 (2 - ). ©)

We know that, in a framework where a non-linear income tax is in place,
the standard formula for optimal commodity taxation balances the gains of
weakening the self-selection constraints against the effects on revenue from a
marginal (compensated) change in the commodity tax rate.'® Comparing (9)
and (1) we see that the main differences are confined to the left-hand sides.’

In the first term on the Lh.s. of (9), 773%—0(12 appears in place of 773%—65 and this

'8See for instance Edwards, Keen and Tuomala (1994).

9 Actually, between the right-hand sides of (9) and (1) there can also be a difference in
the pattern of the binding self-selection constraints (but not in the number since, as we
previously noticed, the constraints A% and A¢ in (9) cannot be binding at the same time).



happens because in the government’s budget constraint the variables referred
to individuals of type 3 have been replaced using the HE constraint. The
second term on the Lh.s. of (9) provides a social evaluation of the effect of
a compensated increase in the commodity tax rate on the indirect utility
of individuals of type 3. The last term on the Lh.s. of (9) evaluates a
compensated increase in ¢ in terms of the effect on the (eventually) binding
incentive-compatibility constraint requiring that agents of type 2 must not
be tempted to mimic agents of type 3.

The intuition for the second term on the Lh.s. of (9) is that a tax reform
which normally would not affect the utility of individuals of type 3 might
do so when we impose the HE constraint. On the other hand, if the reform
affects the utility of agents of type 3, it will also affect the well-being that
agents belonging to other types can obtain by mimicking agents of type 3.
This is relevant since in principle we cannot rule out the possibility that
agents of type 2 like to misrepresent their true type and choose the bundle
intended for agents of type 3. Therefore, if A5 # 0, the indirect utility of
an individual of type 2 who is mimicking an individual of type 3 is not
only affected by the different way in which a mimicker spends income across

goods (Vg(g) (03 - 02(3)>), but also by the change in labor supply required
to be recognized as an agent of type 3.

This intuitive explanation can be analytically restated as follows. Con-
sider the effects of a small increase dg in the commodity tax rate accompa-
nied by reductions dT% = —c'dq < 0, i = 1,2, 3, in the income tax liabilities
of the three types of individuals at their original earnings. This reform has no
effect on the welfare of individuals of either type 1 or 2 since by use of Roy’s
identity: dV* = Vidq+ VjidB' = —Vj(c'dg + dT") = =V}, (¢! — ¢*) dg = 0,
i = 1,2. The net effect of this “compensated” reform on the utility of the
individuals of type 3 is:

—1
dV® = V3dg+ VB + Vi e (1+teter) |2 -+t (% — % )| dat

~1
Ve (1eden)  [(1-t) aB® + (125 —1) dB?.

Substituting dB? = c?dq and dB>? = c?dq into the previous equation,
and making use of Roy’s identity and Slutsky equation, gives:

L (92 oc3 t
avd=vs (L= ) g 10
3wH<3q 3q>1+tc§g—ﬁ, ! 10)

~~

D

This effect on the utility of agents of type 3 is due to the adjustments in
gross income Y? (therefore in labor supply) required to maintain constraint
(4) satisfied when we change, as in the assumed reform, ¢, B2 and B? (see
egs. (5), (6) and (8)). The total change in Y3 is measured by term labelled

10



D in (10). Thus, also an agent of type 2 who tries to mimic an agent of
type 3 has now to provide a different amount of effort and the mlmlcker’s

evaluation of this change in effort will be given by the product of V2(3)

and term D. We will therefore have:

= o3 802 (903 t
V23 — v2(3) o (0 _ v 4 11
d¢  0q |1 +tci o I 1

a
wH

—_~—

Denoting by dV3 and dV20) (where the “tildes” help to remember that
the effects are produced by a “compensated” marginal variation in t¢) the
dV < )

quantities dq and provided by (10) and (11), we can rewrite (9) as:

1 0ct 3\ 0c?
Wa—q+( +7T)8—q

- AS@\” (c1 . c5\<1>> + )\3‘7;(\3) ( c2<3>) +AdvS e ( c?@) .

—~

vt + (7r3 + Ag) avs — ngv/ﬂ\?’) = (12)

More insights into this modified commodity taxation rule can be gained
looking at the conditions that make (9) collapse into (1). It is immediate to
verify that for this purpose we need A\§ = 0 and that one of the two following
conditions holds:

dc2 dc3
3_(] - 8_617 (13)

3 d 3 ot 3 3aL

According to condition (13), if the value of the derivative of the hicksian
demand is the same for agents of type 2 and agents of type 3, then the
requirement of HE does not alter the traditional rule governing optimal
commodity taxation.

The Lh.s. of (14) represents the costs of raising an additional unit of
revenue by increasing the income tax liability of agents of type 3. A mar-
ginal increase in the gross income of these agents, holding constant their
disposable income, has a total direct negative impact on their indirect util-
ity measured by 73V3 2 (smce there are 73 agents of type 3), and as such it
negatively affects the ob jective function of the government. Moreover, since
this policy change also tightens the self-selection constraint that prevents
agents of type 3 from mimicking agents of type 2, there is another social
cost captured by Ag‘@?’g—ﬁ,
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The r.h.s. of (14) represents instead the benefits of this policy measure:
the change raises total additional funds and, when evaluated at the shadow

price for public funds, the social value of this increase is ym3 <1 + tcgg—g).

Condition (14) therefore says that we are also back to the standard
formula for optimal commodity taxation if the social benefits of a marginal
increase in the gross income Y3 are exactly offset by its social costs.

Proposition 1 summarizes the novel properties of the modified rule (12).
Following the Proposition, we will discuss some of the most interesting cases
that can arise.

Proposition 1 At the constrained utilitarian optimum with g—f, < Z‘)—i

(a) a commodity that is complementary to leisure could be encouraged whereas
a commodity that is complementary to labor could be discouraged;

(b) a commodity that is normally expected to be encouraged could be taxed
at a positive rate whereas a commodity that is normally expected to be dis-
couraged could be subsidized.

Proof. See Appendixz D.

Proposition 1 clearly differs from the popular prescription in the lit-
erature on optimal taxation recommending that goods complementary to
labor should be encouraged while goods complementary to leisure should
be discouraged by the commodity tax system (whereas “encouraged” and
“discouraged” are both intended in the Mirrleesian sense?’).?! In the stan-
dard?? counterpart of (1) with many types of agents and many commodities,
the terms on the r.h.s. provide a social evaluation of the gains, in terms of
relaxing the binding incentive compatibility constraints, from a marginal
(compensated) increase in one of the commodity tax rates. In that case the
prescription to tax (heavier) those commodities which are complementary
to leisure is due to the fact that the r.h.s. is negative (positive) when the
commodity which price is marginally increased is complementary to leisure
(labor).

There are basically two reasons explaining the possibility of deviations
from ordinary tax prescriptions. On one hand, we already pointed out that

20In a general context where there are n commodities and m individuals, the
index of discouragement of commodity i is defined by Mirrlees (1976) as d; =

~ -1
m n h m
da! . .
>y 8—2’515]' ( > :cf) , where g and ¢ denote consumer prices and commodity tax rates,
h=1j=1 " h=1

zP is the demand for commodity ¢ by individual k and a tilde denotes hicksian demand.
The index is an approximate measure of the change in compensated demand due to the
tax system; positive values of the index mean that the commodity is encouraged by the
indirect tax system, while negative values correspond to discouragement.

?1See again Edwards, Keen and Tuomala (1994).

22Gtandard is here meant to describe a situation where wages are exogenous and indi-
viduals differ only with respect to their skills.
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we can no longer be sure that the budget set will result in a simple monotonic
chain to the left. Tt can well be the case that A% > 0 and A4 = 0. This
accounts for the fact that the r.h.s. of (12) could be positive (negative) even
when commodity ¢ is complementary to leisure (labor). On the other hand,
whereas in the standard model with two private consumption goods the
term by which ¢ is multiplied is always negative (because of the concavity of
the expenditure function), here it is not possible to rule out EIEJ/ possibility

that, due to the presence of two additional factors (dV3 and dV2(3)), it turns
out to be positive. If this happens, then we would have the “anomalous”
result that a commodity which should be encouraged according to the r.h.s.
of (12), should actually be taxed at a positive rate, whereas a commodity
which should be discouraged according to the r.h.s. of (12), should actually
be subsidized. Let’s look more closely at these two “anomalous” outcomes.
For this aim, consider the case when A\ = 0 and one of the two following
conditions holds:

. 2 3 L
i) t>0, %—C; > %—C; and 1+tc§$—H>O;
. -2 -3 L
i7) t <0, %—C; > %—C; and 1+tc§$—H>O.

Assuming ¢ to be a commodity complementary to labor, condition %)
provides an example of the possibility of the former “anomalous” case. In
this case a (compensated) decrease in the positive value of the excise would
be beneficial in terms of (compensated) revenue and weakening of the self-
selection constraints. However, a marginal cut in the commodity tax rate
lowers the total tax payment of an agent of type 3 more than it does for an
agent of type 2: the HE constraint then requires an additional increase in Y3
which has the (damaging) effect to lower the utility of agents of type 3. If
this cost outweighs the other benefits, the reduction in ¢ is not implemented.

Assuming ¢ to be a commodity complementary to leisure, condition i)
provides instead an example of the possibility of the latter “anomalous” case.
In this case, a (compensated) reduction of the subsidy would be beneficial
in terms of (compensated) revenue and weakening of the self-selection con-
straints. However, for the same reason as above, the HE constraint requires
that this reform should be performed together with an additional increase
in Y3. This increase in income tax payment lowers the utility of agents of
type 3 and if this welfare cost more than offsets the other benefits, then the
cut in the subsidy will not be implemented.

As a counterpart of condition (13) above, notice that standard commod-
ity tax rules are more likely reversed the greater the difference between the

. . . . 2 3
derivatives of the hicksian demands %Lq and %Lq.
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3.2.2 The Marginal Effective Tax Rates

We now turn to the problem of evaluating the METR faced by the individ-
uals at the optimal allocation. Using (3) we can characterize the METR in
the following Proposition.

Proposition 2 Under the assumption g—f, < Z‘)—i, the constrained utilitarian
optimum with redistribution from high- to low skilled individuals is charac-
terized by:

(a) a positive METR faced by agents of type 1 (low skilled, low taste for
leisure);

(b) a zero METR faced by either agents of type 2 (high skilled, high taste for
leisure) or type 3 (high skilled, low taste for leisure), and a METR different
from zero for the other type.

Proof. See Appendix FE.

In Appendix E we show that the METR faced by type 2 and type 3 are
respectively:

)\dv3(2) <A332) OéL V2 H)

3(2) V2a
5 Y — , (15)
ywH (72 + 73) + i { 7T3 + )\d Vial — /\“V2(3) ]
3
, gV vy V2 o 1 e ;b
o= 2B ___ [ - | (1+t32=). (16)
(73 4+ 28) V3 V2 2@ wh 1 4 te3 2y w

The positive METR faced by low skilled individuals is not surprising if we
notice that the corner intended for them is L-linked with another corner (the
one intended for agents of type 2) by a downwards incentive compatibility
constraint. In such a circumstance this distortion is the standard one which
makes it possible to relax the binding constraint.

Now consider the high skilled agents. Why will either type 2 or type
3 be distorted at the margin??®> We have already noticed that A% and g
cannot be binding at the same time. Suppose first that Ay # 0 while the
other self-selection constraint is slack (A4 = 0) From (15) we get 75 = 0:
the corner intended for agents of type 2 is not L-linked to any other corner
and they should therefore be “on average” undistorted at the margin. From
(16), instead, we get 74 # 0, in accordance with the rule prescribing that an
individual should be “on average” distorted at the margin when the bundle

*3This result somewhat resembles Balcer and Sadka (1986) who find that the marginal
tax rate is positive for one-member families and negative for two-member families.
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intended for him is L-linked to another bundle by individuals of a different
type. However, whereas we would have expected a marginal subsidy since
the self-selection constraint is binding upwards, the sign of the METR is
“ora 3
. : V20 23) YO ot 1t
ambiguous. Denoting by “=z the term Vg 1+ e o el | we
B 3 wH
have that the sign of the METR is determined by the sign of the product

(1 +tc3 ) g;(;) Therefore, 75 > 0 when one of the following conditions
holds:

iit) 1+ tc = >0 and dg;(;) > 0;
iv) 1+tc32r <0 and dg;(;) < 0.

Differentiating the budget constraint of an agent of type 3 (gc3+23 = B3)
with respect to disposable income B it can be shown that normality of
commodities ¢ and z implies 1 —t 553 > 0. Then, condition #74) implies

oL
3 1+tci 2 . . . .
% = #?:%3& > (. This means that a marginal increase in the labor supply
- 3

of type 3 individuals (in this case the ones being potentially mimicked)
would be accomplished with an increase in their disposable income in order

to satisfy the HE constraint. However, we also have that dg;(gs) > 0, which
means that the mimickers would profit by the change. To prevent this and
weaken the binding self-selection constraint it is useful to have agents of
type 3 facing a positive distortion at the margin, discouraging them from
increasing labor supply.

aps Lo

On the other hand, condition iv) implies 575 = s
1-t2<%

< 0: amarginal

OB
increase in the labor supply of agents of type 3 would be accomplished with
a reduction in their disposable income in order to keep the HE constraint

satisfied. Since dg;(;) < 0, the mimickers would also in this case profit by the

change. Once again, to prevent this and weaken the binding self-selection
constraint, a positive METR, discouraging agents of type 3 from increasing
labor supply, is recommended.

Suppose now that A4 # 0 whereas A = 0. From (16) we get 75 = 0: the
corner intended for type 3 agents is not L-linked to any other corner and
they are “on average” undistorted at the margin. From (15), instead, we
get 74 # 0. Considering the pattern of the binding self-selection constraints
(only downwards), we would expect that the sign of 7/, were positive since
this is the standard prescription for weakening the binding constraints in
such a case. However, with A\§ = 0, the standard formula for the METR
faced by agents of type 2 is amended by the presence at the denominator

~1
of the additional term <1 + tc3i> (73 + )\d) V3ak. Since when )\g =0

a necessary condition for the existence of an optimum is 1 + tc3 7 > 0
(see Appendix C, eq. (C3)), this additional term will be negative. Thus, in
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(15) the sign of the denominator becomes ambiguous and the fact that the
numerator is positive is not sufficient to decide the sign of 7. A sufficiently

-1
high absolute value of <1 + tc%f}—é) (73 + )\d) Vial would entail 7 < 0.

The reason is once again related to the requirement of HE. The sign of
the METR faced by agents of type 2 determines the sign of the variation
in their total tax liability as they increase the labor supply. This in turn
means that, if agents of type 2 should marginally increase their labor supply,
it would be necessary to adjust Y3 to restore the condition of equal total tax
payments: this would obviously affect the indirect utility of agents of type 3
in a way that the government must take into account. Analytically, suppose
that agents of type 2 choose to marginally increase their gross income Y?2.
In order to be induced to do so, their disposable income has to be increased

by their marginal valuation of foregone leisure —7 52 From eq. (7) and

(5) the variation in Y3 needed to keep constraint (4) satlsﬁed is:

H V2 H

dy?® = = —.
1+ tcd 2y 1+t oy

(17)

If1+ tc3 7 > 0, 75 < (>)0 becomes a more (less) attractive policy
option since it implies dY? < (>) 0, which is welfare improving (damaging)
for agents of type 3 since it means more (less) leisure.

4 Concluding Remarks

Our aim with this paper has not been to make an ethical case for the hor-
izontal equity principle. As argued by Kaplow (1995), although horizontal
equity is intuitively appealing, there is need for studies that try both to
justify this principle and to derive a precise measure of equity from the jus-
tification. Our intentions have rather been to investigate how the preferred
tax mix might change if we were to take horizontal equity seriously.

The investigation has made clear that the horizontal equity principle
may seriously affect the incentives for income and commodity taxation. The
basic intuition and also the more well-established policy implications from
models with heterogeneity in ability can turn out to be very misleading if we
consider a more realistic setting where heterogeneity in preferences is allowed
for together with heterogeneity in abilities. Contrary to normal findings, our
results indicate that a good that is complementary to leisure need not be
discouraged by the tax system, and a good that is normally expected to be
discouraged need not be taxed even if the economy is composed by only two
private goods and leisure. As expected, the direction of redistribution is a
crucial factor for the marginal effective tax rates, but the introduction of
the horizontal equity restriction complicates matters here as well. It is for
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instance possible to have a marginal tax instead of a subsidy “on average” for
the high ability, hard working-type even though the self-selection constraint
relating them to the high ability, epicurean type is binding upwards.

Before concluding, we note some possible caveats. Since the individuals
are held responsible for their preferences, a higher taste for leisure can in
our model be interpreted as laziness. Obviously there are several alternative
interpretations. Cuff (2000) discusses the alternative to interpret a high taste
for leisure as a kind of disability. Possibly, her interpretation leads to very
different implications. Whereas it is intuitive to argue that compensation for
laziness should be ruled out, it is—at least in the framework of responsibility
and compensation—Iess obvious that people who are for some other reason
unable to work as hard as others, should not receive any compensation
for this disability. The discussion clearly touches upon the concept of free
will and whether preferences are to be treated as given or as acquired.?*
It would be presumptuous to try to answer such questions in passing—we
confine ourselves to saying that besides the benefits associated with a focus
on one of the polar cases, our findings are also relevant as long as the taste
for leisure among some individuals is to some extent interpreted more as
laziness than as a disability.

Moreover, the economic analysis of the family (Becker, 1991; Cigno,
1991) can be used to explain why certain individuals are less prone to work
longer hours. If production of certain goods and services can take place
at home, individuals who are relatively more productive at home than at
work will act as if they had a greater taste for leisure. Home production
could mean the producing of substitutes to services available on the market
as in Kleven, Richter and Sgrensen (2000), or it could be child rearing as
in Balestrino, Cigno and Pettini (2002). Apart from explaining why the
labor market has a greater appeal to certain individuals, these studies also
narrow down the set of goods that are candidates for relatively higher taxes.
Almost fifty years ago, Corlett and Hague (1953) suggested that efficiency
could be improved by taxing more heavily goods that are complementary to
leisure. Yet their rule has not come to much use since the relation between
most goods and leisure is wrapped in mystery. This lack of information is of
course just as problematic in models like ours. Therefore models with home
production provide promising inputs to extensions of our model which aim
at more practically oriented policy implications.

Although our model is very simple and stylized, we hope that we have
called attention to the relevance and some potential consequences for tax
policy of a concern for horizontal equity which can emerge once we relax
the traditional assumption of homogeneity in individuals’ preferences, and
especially in preference for leisure. Without doubt there are prospects for

2" Roemer (1998) argues that the range of expended effort levels differs between groups
of people with different backgrounds.

17



more research in this relatively unexplored area of tax theory.

5 Appendix

5.1 Appendix A: Derivation of eq. (1)
The f.o.c. for B!, B?, B3, and t are respectively given by:

—71Vé = 7717 <tgfg1 — 1> — )\gvg(l); (A1)
_ 2 )\d V2 _ 2 oc 1 7)\d‘73(\2). A2

(7T+2)B 17 (tog2 3Vp (A2)
—(m+ Ag) V3 =m3y <t88§3 - 1) ; (A3)

7r1V1+7r2V2+7r3V3+>\g (Vq? - Vf“)) ¢ (Vq?’ - 14,3(2)) +y (nle! + 7%2)+

v [W3c3 +t ( 4 fer? 4 %—fﬁ)} = 0. (A4)

Applying Roy’s identity, eq. (A4) becomes:

Vg VRV - V?vlaﬁﬁg+£éﬁW§”+£§5W§”+
¥ [chl + 722 + 733+t < mt + 2+ %—C;W‘q’ﬂ =0. (A5)

Using (A1), (A2) and (A3), we can rewrite (A5) as

777101 (tg—f;l — 1> +v|c [ (tgf;g — 1) + A3 ( aBg — 1)} —clAgvg(l)—
czAdVSQ) + )\dcz/(\l)V;(l) + )\gc3(2)V§(2) +7 (chl + w2 + w33 + t%—cqlwl> +
w( 2492 ):a (A6)

Eq. (1) is obtained using the Slutsky decomposition in (A6) and simpli-
fying terms.

5.2 Appendix B: The Marginal Effective Tax Rates
The f.o.c. for Y, Y2 and Y are respectively given by:

ﬂ@%:ﬂﬁ@uﬂm@+@%% (B1)

(772 + )\g) V a—H )\dV3( )wH 7727 <1 +tc§g—g> ; (B2)



(7 + ) Vi = 0y (1 + tder ). (B3)
To find the METR faced by agents of type 1, divide (B1) by (Al) and

multiply the result by mly <t ggl — 1> — )\gvg(l). This gives

12 a(D) 1 T2(1) o L
s [AgVB< )~y (¢85 - 1)] = Mver — by (1+tef2r ).
Using notation w! = wr W = Z—H, wd = E‘i—f and QL2 = w=; we get

\]
—_

/2\1 —

' )\d ( )L V32(1) 91’2 _ Vil

’YTfl wl 2(1) Vil
VB

Since single-crossing holds and assumption 2 implies that Q212 < 1, the

METR faced by type 1 is positive.
Similarly, for the METR faced by agents of type 2, divide (B2) by (A2)

and multiply the result by 72 (¢ ( 55T — 1) )\dV (2) This gives

2 —_—
“Tve {% (t9 —1) + A§V§(2)] = —ym? (1+tc32 >+>\dV3( e,

which can be rewritten as

2 H V2 e _\d 3(2 ol H
[1+t R+ S (1 taEQ = VS ( o VQwH).
+

%Vﬁ (1—tac)) and

2
3w

Using the definition of METR (7 = 1 + ¢

rearranging, we get

/3\2 /3\2
)\g[B() (Lg() L L§2 H)
« « )

Th =
27 gm2wl o) V2

which again gives a positive value for 7%.
Finally, to obtain the METR faced by type 3, divide (B3) by (A3) and

multiply the result by w3~ <t gf;s — > This gives 27 Vg { <1 — tggs

—m3y (1 + tcgg—i,). Using the definition of METR (eq. (3)) and rearranging

terms, we get 74 = 0.
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5.3 Appendix C: Derivation of eq. (9)
The f.o.c. for B!, B2, B3 and t are respectively:

—mlVi =7ly <tgfg1 — 1> — )\gVé(l); (C1)
d u d al ac?
— (P M+ ) VE = (r 4+ 2) Vi o (185 1) 1+tcg3_g_’y(”2+”3)+
C 2 u (0% C2
) (72 1 ) 2 _)\dv() \ V3<>_H<th2 _1> T (C2)
— (704 M) V= — (7 + N5) Vi St ot (r M) Vi
+ 1+t03w—H
wir23) o u 3) 2(3) a 1 :
A5V, wHtaBg +t3"H - <V + V3 wH@>, (C3)

o (Vv (1) oo (3 ) o

v [mlel + (w2 +7%) & + ¢ (%—C;wl + 92 (2 +7%) ) |47 (V2 - Vf“)> NSV
Ag{;f(?uvz(?’)g (1+tcgen) " [ +t(%—%)}}ﬂdv3 VO
VP <1+tc )*1[ —c +t( o %—;)} = 0. (C4)

Applying Roy’s identity, f.o.c. t becomes:

ml 1V]§—W202V]§—7T3C3V§’—)\5102‘/5—)\3 2V§—)\d 3V]§+7 (chl +7T262)+
2 3 3 d\ 173 oL 2 o 1
'yt{ 14 9 (7r +7r)}+(7r +A5) Viay [c —c —l—t(aq (;q)} ey

1 u /2\3 u/2-§ aH C
MEDVED | \s 26120 Ve =t (92 - 52| L+
3wl
MEOVID | a2 (C5)

Using (C1), (C2) and (C3), we can rewrite (C5) as

el (tg_gll _ > 1>‘dVB(1)+( +)\d) V <t§]§2 B 1>

L

1+tc] 25
d132) 23) o (0 1
ve? (7% + m3) < 557 ) ANV ANV, mis (t8](§2 - 1) ey +
31 \d ) 1 @ 120 1
(73 + \Y) SV eg (143;3)1%63&* BAY <VB o HtML>+
8 \ut20) ot | e 1.1 3
A Vy VSt oty 1+t3aL—|—’y[7rc + (72 + 7%) 2 —i—t( + (7r +7r))}—|—
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MEDYVED | 26120 _ juy (3)3,{ [2-S+t(E-%)| 2=+

9 04 )| 141c3 o
MAOVEO 4 (3 4 ad) vpek [2 (82 _a2)] 1 _g
3 B 3 wH 8q g 1+tc3 3 L

Eq. (9) is obtained using the Slutsky decomposition and simplifying
terms.

5.4 Appendix D: Proof of Proposition 1
In eq. (9), denoting the right hand side by RH.S, four cases are possible:

Case1: RHS >0, t>0, 77T1 %qu +’78acq2 227Ti+ (7T3 + /\g) % - )\gdvf(i‘)

Case 2 RHS >0, t<0, ~midciqse Z wit (73 4+ Ag) 42— Ny
=2

o

—_

o

3 . — —
Case 3: RHS <0, t>0, At %qu +7662 Z w4 (7T3 + )\d) vz )\gd‘ﬂ@)

Case 4: RHS < O7 t< O7 ,.yﬂ_l 801 +7 o Z T _|_ (’ﬂ' 4 Ad) dV3 - )\udv2(3)>

For (a), note that the sign of the right hand side is not determined
a priori by the relation of the taxed commodity to labor or lelsure If

the taxed commodlty is complementary to labor we have that ¢! > ¢2(1 )

3 < 2B ) and 2 > 32, Thus, if A9 = 0 and AY > 0, case 3 encompasses a
non—ordmary” sub-case with a commodity complementary to labor which
in spite of this is taxed at a positive rate, besides the standard case of
subsidizing a commodity which is complementary to labor. If the taxed
commgiity is instead/gomplementary to leisure we have that ¢! < ¢2(1),

[13

e3> 23) and ¢ < 3(2). Thus, case 2 encompasses a “non-ordinary” sub-
case with a commodity complementary to leisure which in spite of this is
subsidized. Those two “non-ordinary” sub-cases demonstrate that a good
that is normally expected to be discouraged (encouraged) in order to loosen
the self-selection constraints, may actually be encouraged (discouraged) in
a model where the agents differ along more than one dimension.

For (b), consider in case 1 the sub-case of a commodity complementary
to labor that should be encouraged, according to the right hand side of eq.

(9); nevertheless, due to a positive value of (7?3 + )\d) avs _ Ay &E—— dv2(3> which

18(:

is greater than the absolute value of ym + y9< 8q Z 7', the commodity

is taxed. Similarly, consider in case 4 the sub—case of a commodity com-
plementary to leisure that should be discouraged, according to the right
hand side of eq. (9). The commodity is nonetheless subsidized since also
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in this instance the requirement to uphold horizontal equity implies that
the term that multiplies ¢ on the left hand side of eq. (9) turns out to be
positive. However, whilst in the former sub-case this requires a high and

positive value of (7 + Ag) dV3 — \4dV2(3) (since we are looking conditions
compatible with a tax), in the latter sub-case this requirement means a high
and negative value of the aforesaid term (since we are looking for conditions
compatible with a subsidy). Apart from this difference, from eq. (9) we get
that ‘962 > |9

B must be satisfied in both of these sub-cases.

5.5 Appendix E: Proof of Proposition 2

Considering the “normal” case when redistribution is directed towards the
low skilled individuals and A} = 0, the f.o.c. of the planner’s problem w.r.t.
gross incomes Y and Y? are respectively:

rlvier /\dV2(1)°‘—H—7r17 <1+tc ) (E1)
m2VE e iV an A 1y ( §%>+/\dv AV en
AGV2D alt dvS | \dysal dys —AdV3(2)°‘—H =0. (E2)
Making use of eq. (7), eq. (E2) becomes:
2 U4 ) v2al = 3 \d) p3at 1+t‘3§—fg 2 3 20l
(7r—|— + ) w—H——(ﬂ'-i- 3) 3w—Hl+tc§%_7(W +7T)C3w—H—
” H 1+t02£ T3 oL
3 (r278) +NVEO 2 LT a0 et (E3)
+t63w—H

For (a), divide (E1) by (C1) and multiply the result by 7'y <taBl - 1) -

)\gVB?(I) . This gives

Vi [ ydy2(D) 2(0)

ol Vi [ ydy2(1) 1 act _ydy2M o 1al

A [AQVB T 7(%31 1) | = v Wel _rly (14 tchar).
. . — L —5 H —3 H -5 wl

Using notation w! = 27, w? = 27, w3 = £ and Q12 = % we get
201

Ady2®) 1 V2(1)Q1,2 2 -
771—1 wl Vg(l) Vé 1

Since single-crossing holds and assumption 2 implies that Q212 < 1, the
METR faced by type 1 is positive.
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For (b), we first need expressions for the METR faced by type 2 and
3. Starting with type 2, we divide (E3) by (C2) and multiply the result by

ol c 3(2
(w0 X) Vi (e — 1) mbar 40 (77 ) (e — 1) - V5™ -

)\uv2(3) (t 6816322 — 1) IHT This gives

H V2 Lt 1 2(3) o H
a—JQ— |:— (7T3—|-)\g) ‘/331”_1_—&-@7'2_7}[ +’7(7T2+7T3)+)\12L 3( )a—H—QT'Q_T]"F

H 3+)\d V3a )\u 2(3)a
[1+tde + 273 (1- 25| [( )HWL Tl 4y (72 4 %)
S’UJ

Using eq. (3) and rearranging, we get

)\d;”-(?) 3() L —&Oé
3'B 3(2) V3

(E4)

7

L

ywH (72 4-73)+ L |:(TI'3+)\g)V33aL7)\gV32(3)OLH:|
1+tcgg—H

To obtain the METR faced by type 3, note that from eq. (C3) we have
that

9e3
1= V;;:‘"’ ol 17tops Ay V2(3) V2(3) off 1- tFB
Ve i ipddan (m4)V, W 1t}
3wl 3 €3

Multiplying by 1 + tcgg—fl and rearranging terms gives
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Using eq. (3), eq. (E5) can be written

23



FovE T v v el
w

i) “oray 3
)\uv2(3) V2(3) H 1_taL L
T —" 1 14+ 2oz 257 <1 + tcgg—H> . (E6)

Since we already noticed that it is not possible that A\¢ and A%, which

enter the expressions for 74, and 745 multiplicatively, are both binding or
slack at the same time, part (b) of the Proposition follows from eq. (E4)
and (E6).
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