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Abstract

We characterize the solution to the optimal nonlinear income taxation probiedidu-
als face a minimum hours constraint that gives rise to labor supplymesp@long the exten-
sive margin. We provide conditions for optimal marginal tax rates to Isétipe everywhere
and derive a formula for the optimal participation taxes. This formulavshtbe additional
forces in comparison to the pure extensive labor supply model, céy baggeneralized to
other contexts of extensive and intensive labor supply responsgégravides a new con-
dition under which an Earned Income Tax Credit (EITC) can be ruled louaddition, we
develop a test for the second-best Pareto-efficiency of any inconseti@dule. The testis ex-
pressed in reduced form and can be applied if the income distributiomapidieal estimates
of the extensive and intensive labor supply elasticities are known. @igrerameterized
simulations suggest that an EITC is optimal. An exogenous restriction thatelfare ben-
efit cannot be set below a certain level causes the EITC to be lessunimath On the other
hand, exogenous government revenue requirements cause theédy& more pronounced in
relative terms, because the welfare benefit decreases while the maiticipubsidy remains
fairly constant. However, with the restriction of a fixed welfare benefinarease in revenue
requirements leads to a sharp decline of the participation subsidy.
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1 Introduction

Redistribution schemes that support the unemployed ardidioéls with low income exist in
all developed countries. There is, however, a public debatthe appropriate design of such
schemes: Should redistribution mainly be targeted to tremyoioyed with a Negative Income
Tax (NIT) or mainly to low incomes with an Earned Income Taxeit (EITC)?

Economists can contribute to that debate by analyzing thiyegfficiency trade-off inherent in
such redistribution schemes and by deriving conditionseumchich one of these schemes may
be better suited than the other to achieve the distributigoals of society.

Alarge part of the literature related to that debate, inclgdhe classic article by Mirrlees (1971),
derives the properties of a tax transfer system that marisrdzsocial welfare function (SV\E=)

if individuals’ productivity is unobservable and labor gliis continuous, i.e. individuals adjust
their labor supply along the intensive margin.The main Itesfuthis literature is that in general
marginal tax rates are positiﬁewhich results in a Negative Income Tax to be optimal. Zero and
low incomes receive a transfer, but face a positive margaatrate. This implies that the tax
when working is always higher than the tax when being uneysalpso all individuals face a
positive participation tax when entering the labor markéf,,,(Y) = T'(Y') — T(0) > 0, see
Figure1(a).
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Figure 1: (a) Negative Income Tax (NIT) (b) Earned Income Taadit (EITC)

However, as pointed out by Diamond (1980) and more recentigdez (2002) and Chérand
Laroque (2011b), this result critically hinges on the uhdeg labor supply model. If individuals
cannot choose the number of hours they work, but only, wiétheork or not, (so there is only
an extensive margin), results change drastically. Underghsonable assumption that the social
marginal utility of income of those with very low income isghier than the marginal value of
public funds, participation taxes for this group are neggti.e. individuals with low income
receive a higher transfer than the unemployed. This mak&aared Income Tax Credit (EITC)
optimal, see Figurel 1(@.

These contradicting results raise the question which labpply model applies. As the empirical
literature on this topic points out, individuals adjustitiabor supply along both, the extensive

IThere is also a literature that characterizes the wholefsstomnd-best Pareto-efficient nonlinear tax schedules; se
Stiglitz (1982), Werning (2007) and Cherand Laroque (2011a) for the intensive and Laroque (2003hé&extensive
labor supply model.

2See Mirrlees (1971), Seade (1982), Tuomala (1990), Diamo®@8)]1 Werning (2000), Saez (2001) and Hellwig
(2007).

3Chore and Laroque (2011b) consider the two different types ofl@iCEeither a tax schedule with negative marginal
tax rates (as in Figufd 1(b)) or one with a discontinuity (eBigure2).



and the intensive margﬂ'l.This implies that the properties of an optimal redistribotscheme
should be derived within a framework that accounts for thesien of how many hours to work
as well as the decision of whether to work at all.

Saez (2002) was first to consider the optimal income tax prolithin such a framework. In

his model, each individual can choose among two differentipations (intensive margin) and
unemployment (extensive margin), where occupationsrdiff@arnings and disutility of work.

Besides deriving a formula for the optimal marginal tax $hte calibrates his model for the US
and shows that the EITC rather than the NIT is optimal if pgttion elasticities for low income
earners compared to hours of work elasticities are suffigidigh.

Putting the focus on the interplay of these two elasticiti&eez (2002) did not refer to a partic-
ular underlying labor supply model and a specific reasonHerextensive margin. These two
aspects have subsequently been analyzed in greater detddicjuet, Lehmann, and Van der
Linden (2010). They incorporate disutility of participati as a reason for the extensive margin
in a model of continuous labor supply with income effects dadve the optimal tax schedule
for the case of a continuous earnings distribuoﬁhey show conditions under which optimal
participation taxes are positive so that an EITC can be raled The social marginal utility of
income for the lowest income group has to be smaller than #rgimal value of public funds, so
that participation taxes are positive for this group. Adgihe conditions for positive marginal
tax rates then ensures that participation taxes are pos$divall income levels. However, their
simulation results show that usually only the second camdis met, so that an EITC is opti-
mal that is characterized by positive marginal tax ratesnlegative participation taxes for low
incomes. This is due to a discontinuity in the tax schedwe,FguréP.

T(Y)
A

Figure 2: Negative participation tax for low incomes (i.@rked Income Tax Credit) without
negative marginal tax rates due to a discontinuity in thestdoedule

Boone and Bovenberg (2004) also consider the optimal maatitax problem in the presence of
both margins. In their model individuals have to search fimbeand can either be unemployed
voluntarily (no search) or involuntarily (search withoutding a job). Unlike Saez (2002) and

4See Heckman (1993), Eissa and Liebman (1996), Meyer and Rasen(2001) and Meghir and Phillips (2008).

5Since there is a finite number of occupations (and thus incoves)en this discrete setting, the marginal tax rate is
the change in taxes relative to the change in income of twatajt' occupations. However, in Saez (2000), an earlier
version of the paper, he also derives the formula for the maktgix rate for the continuous case.

6The concept of disutility of participation is closely reddtto the concept of fixed costs of work, that are considered
as an important reason for extensive labor supply respondée labor economics literature, see Hausman (1985) and
Cogan (1981).



Jacquet, Lehmann, and Van der Linden (2010) they considarabe of one-dimensional hetero-
geneity where individuals only differ in productivity; thus all individuals of a givem either
search or do not search. Those who search are then dividethiogroups: those who find a job
and those who are involuntarily unemployed. They show thaigpation taxes can be negative
and that in this case the marginal tax rate for the lowestymtdty is negative, too.

We add to this literature on optimal nonlinear income tadatvith both extensive and intensive
margin in the following respects:

First, we analyze the consequences of a minimum hours eamstSuch a constraint can be due
to several reasons: Some tasks require the worker to benpfese certain amount of time and
some occupations need constant exercise (and thus a miramaeint of working time per week
or month) to keep quality at the desired level. There mayladsiixed costs on the side of the firm
(e.g., for training or for providing equipment) on which tfiren wants to economize. Numerous
empirical papers provide strong evidence for a minimum s@anstraintl Such a constraint
has two consequences. First, it brings about the extensavgim Some of the individuals, who
would like to work less tharl,,,;,,, will prefer to be unemployed rather than to wokk,;,,.
Secondly — and in contrast to a model with fixed costs of worHisutility of participation —

it qualifies the response along the intensive margin: Thod&iduals who are constrained by
L..:n do not respond to (small) changes of the marginal tax ratéhatofor each productivity
level, the intensive margin is only present for part of thekeos.

Secondly, in the literature on optimal income taxation witith margins, the tax perturbation
method has so far only been used to derive a formula for thgimartax rates. We show, how
a different tax perturbation can be used to also derive adtarior the participation taxes. With
this formula we can extend the results of Jacquet, Lehmarthyan der Linden (2010): If the
social marginal utility for the lowest income group is sreallhan the marginal value of public
funds, participation taxes are positive for all income Isyeegardless of whether the conditions
for positive marginal tax rates are satisfied or not. We canefiore show that only part of the
results from the models with only the extensive margin camgr to the case of both margins:
If the social marginal utility for the lowest income groupssialler than the marginal value of
public funds, the NIT remains optimal. The reverse, whiletin a model with only the extensive
margin, does not hold: If the social marginal utility of tlesvest income group is larger than the
marginal value of public funds, the EITC is not necessarlgiroal.

Thirdly, we derive a sufficient-statistics test for the sabdest Pareto-efficiency of any given
tax schedule in the presence of both labor supply respomgkgizen quasi-linear preferences.
This test can also be applied when the extensive margin isodargother reason than a minimum
hours constraint and only requires knowledge of the follmwbbservable variables: extensive
margin elasticities, intensive margin elasticities areliticome distribution.

Finally, in carefully parameterized simulations we conftima results of Jacquet, Lehmann, and
Van der Linden (2010) that an optimal tax schedule is charaeld by negative participation
taxes (i.e. participation subsidies) for low incomes ansitp@ marginal tax rates. We then show
that the relationship of the degree of redistribution desipy society and the optimal partici-
pation subsidy is inversely u-shaped. In a next step we exple robustness of the optimality

"Moffitt (1982) and Chen (1991) explicitly test for a minimum eagonstraint and find it to be statistically significant.
Sachiko and Isamu (2011) show that higher fixed costs on tleeddithe firm lead to higher minimum hours. Euwals
and Van Soest (1999) show that there are less part time jobsdsired by workers in the Netherlands. limakunnas
and Pudney (1990) find similar results for Finland. Van So&fsiftiez, and Kapteyn (1990) and Tummers and Woittiez
(1991) suggest hours constraints to be a reason that manyefemamployed cannot find jobs with a low number of
hours per week.



of participation subsidies with regard to exogenous retsbris on the level of the welfare ben-
efit: If this restriction causes the welfare benefit to be a&bits optimal level, the participation
subsidy should be decreased. Thus, if a government isatestrot to set the welfare benefit
below a given level, e.g. the subsistence level prescrilyecbbstitution or deemed necessary
by moralities, an EITC becomes less pronounced. This malaiexphy the EITC as an ele-
ment of social policy is more important in the US than in coatital Europe with its tradition on
high welfare benefif.In a last step, we investigate the question whether an EIBQldhather
be in place in countries with low or high exogenous governmevenue requirements (e.g. for
public goods or interest on public debt). Interestingly; msults show that higher revenue re-
quirements strengthen the case for an EITC: While the welfanefit declines, the participation
subsidy remains fairly constant and therefore increaseslative terms. A consequence of the
current public debt crisis in Europe might therefore be agnereliance on EITC-type tax trans-
fer systems. However, if the welfare benefit is fixed, an iaseein revenue requirements leads
to a sharp decline of the participation subsidy, so that tieCEbecomes less pronounced. A
greater reliance on EITC-type tax transfer systems shdwdcefore only be observed in those
countries, in which a substantial reduction of the welfagaddit is conceivable.

The remainder of this paper is organized as follows: In 8a¢8 we present our model of
labor supply. We first consider the case without the minimwnark constraint in Sectidn 2.1
and then show how it must be modified due to this constraineicti®n[2.2. We then state the
government’s problem and formulate it as a mechanism desigslem in Sectiofil3. We derive
its solution and develop the test for the Pareto-efficierf@ny given tax schedule in Sectibh 4.
Sectiorb provides the simulation results and Se¢fion 6ladas.

2 The Model

Individuals’ preferences over consumptiénand hours of workl. are characterized by

U(C,L;a) = C —v(al), Q)

with v(0) = 0, »* > 0, v > 0. We assume quasi-linear preferences only to simplify the
exposition; incorporatin%income effects with a utilitynietionU' = u(C') — v(aL) with w’ > 0,
u” < 0 is straightforwar

Individuals differ in the parameter, which measures preferences for leisure and is assumed to
enter the utility function in this way to render the two dirsemal screening problem tractable.
Individuals also differ in their productivitw. The parameters anda are distributed according
to a joint density functiork(w, «), which we represent by the marginal densityw) and the
conditional density(a|w):

k(w, ) = f(w) g(alw).

The density functiong andg have supporfw, w1] and|ag, as] respectively, withwg, cg > 0.
The corresponding distribution functions dréw) andG (a|w).

8We provide a political economy interpretation of this residgsed on Coughlin (1986) and Lindbeck and Weibull
(1987) in Sectiofils.
9We state how the results change if we allow for income effec®dctior 3.



When choaosing their labor supply, individuals have to take into account the minimum hours
constraintl, > L,,;,. We could allow forL,,;,, to depend onw, and for this constraint to apply
to only a share of the individuals, so that some individuaésemtirely free when deciding on
the number of hours they work; however, in order to focus @nnttain mechanisms we simply
assume that the minimum hours constraint applies to aWViddals, and that,,,;, is the same
for all productivity levelsw.

Given an income tax schedulgY"), the optimization problem of an individual of tyge, «) is
max UC, Lya)=C —v(al) st C<wL-—T(wl) 2)
L=0V L> Lmin- (3)

2.1 Labor Supply without the Minimum Hours Constraint

Let L be the optimal labor supply if there were no minimum hoursst@int. It is the solution
to (2) without [3) and given by the first order condiffn

ou / $ AT
o7 = 1= T'(wh)w - av'(al) = 0. (4)

Denote byY” = wL gross income associated with ReplacingwL in @) yields

(L -T'(¥)) - (¥/2) /% =0, 5)

and shows that” depends om anda only through the one-dimensional aggreggteWe denote
this aggregate by. If there is no minimum hours constraint, all individuals Hypes(w, «)
— with identical? = 3 earn the same incorﬁié(ﬁ). They can be found ia-w-space along a
straight line through the origin with slogg see Figuré]

w
A 3,
wy B, V()
wo | f - BO
>
(e} aq

Figure 3: Identical incom& (3) and identical maximum utility/(/3) for all combinations ofx
andw along the line with slopg = £. 3, Y'(5) andV (3) increasing counter-clock-wise.

10The second order conditicfiOC' = —w?T" (wL) — a?v" (aL) < 0 is satisfied if the tax schedulg is not too
concave, which we assume to be the case.
1INote that the smallest and largest valugdaire 5y = wo /a1 andBi = wi /o respectively.



They also receive the same utility, since

V(B)=Y(B) T (B) —v(¥Y(B)/B). (6)

While those individuals of typg with a higher productivityw have to work fewer hours to earn
Y (B), they suffer from a higher disutility of work. Along as-line, these two effects cancel out

and utility is constant.
Without the minimum hours constraint, determining the myati tax schedule in this setting

just constitutes a one-dimensional screening problemm thaugh individuals originally differ
among two characteristifd.With the minimum hours constraint this is no longer the case.

2.2 Labor Supply with the Minimum Hours Constraint

As can be seen from Figuié 3, for a given productivityincome is decreasing in, and thus
optimal labor supplyi, as well. Therefore individuals with a large enouglwant to work less
than L,,;,,. With the minimum hours constraint this is not feasible: Héy decide to work at
all, they have to work longer hours than is optimal for them,, i,..;,, instead ofL. Denote by
o™ (w) the threshold that separates those working,, from those working more thah,,,;.,,
see Figure[(4). It is implicitly defined by the FOQ (4) evakdhtitL,,,;,,:

(1 = T"(wLmin))w — v (@™ (W) Lin )™ (w) = 0. @)

Typically o™ (w) is increasing inw since for a given value aof, individuals with a higher pro-
ductivity w work more. However, if the tax schedule is quite conveX:(w) could also be

decreasing inv.

/, 1
L*>Lmin ,'/ (6% ,’I

/
i /
! ’
! /

a™ / ; L*¥=0

\/
Q

o aq
Figure 4: Partition ofv-a-space byw™ (w) anda®(w)

In order to determine overall optimal labor supgly, we now turn to the individual’s decision
of whether to work at all. Denote the welfare benefit of an upleyed byb = —T7'(0), which
gives utility U (b, 0, «) = b. Utility, when working, decreases im, so that the individual prefers

12Chore and Laroque (2011a) consider a similar model; however, thay or a more general aggregation function
than = w/a. Also, Brett and Weymark (2003) consider a similar ‘type aggter’ in a model with endogenous

education.



to be unemployed ifv is large enough. Denote hy*(w) the threshold for which the individual
is indifferent, (see Figullg 4 again). It is implicitly defthby

w - max[L, Lyin] — T(w - max|L, L)) — v(a®(w) - max|L, L)) = b. 8)
As can easily be showi (w) is increasing inv.

Figure[4 shows functional forms of*(w) anda™ (w), so that for each productivity all three
groups, those working more thdn,,;,, those workingL,,,;,, and those not working, exist. This,
however, need not always be the case. First, for some prigiydtvels the functions could be
outside the intervalag, a1]. This case is captured in the formulas for the optimal taxedale
we derive and does not have to be considered separatelyn@gcwith positive participation
taxes, the two functions could crossliif,,;, is small. In this case, there are some productivity
levels for which no individuals worl,,,;,,. However, since we want to analyze the impact of
the minimum hours constraint, we assuibg;, to be large enough, so that for eachsome
individuals are affected bﬂmm

w w
A A
B//' Y(B//)
/ 7 7 . ﬁ/ w1 . ﬁ/
am QL
wo |-
> > o
o (0%} Qq a1
(a) Y (pB)-curves (b) V(B)-curves

Figure 5: Shape of-, Y (8)- andV (3)-curve: identical fors”, different for 5’

Not all income levels are affected by this constraint, astmaseen in Figuriel 5. While none of
the individuals earning”(3") is constrained by_,,;,, some of the individuals earning(3’)
are. Because part of th#-line is in the area where individuals would like to work feveurs
thanL,,;», but cannotY” is increasing along thg-line betweern™ anda®. In fact, since labor
supply for a given productivity is constant in this areapme equald”(5’) along the horizontal
line betweerv™ anda, see Figurgls(a).

Along this horizontal line, utility is decreasing, sincé ialdividuals work L,,,;,,, get the same
incomeY ('), but have a higher and higher disutility of labor. In factlitytis even decreasing
along thef’-line betweem™ and«; it is constant along this line only without the minimum
hours constraint. Because individuals cannot optimallyosieZ, utility equalsV (') along a
curve that lies above thé'-line in the area between™ anda®.

The iso-income line does not coincide with the iso-indingdity curve, so the type aggregator
B = < does not apply in the area betweeft anda®. Therefore, with the minimum hours
constraint the optimal tax schedule is not simply the soiuto a one-dimensional screening
problem.

13The formulas we derive can easily be adapted to the caseth@nda™ cross; however, for notational simplicity,
we refrain from doing that.



3 The Government’s Problem

The government’s objective is to maximize the social welfanction

w= [ /al\I/(V(w,a))dG(a|w)dF(w), ©)

whereV (w, «) is the indirect utility function of an individual of typev, o) and ¥ (-) is increas-
ing and concave.¥(-) may either represent redistributive preferences of thegouent or a
concave transformation of individual utilities that doex nhange preferences over leisure and
consumption.

The government can only observe incolfgbut neither labor supply. norw or «. However, it
knows the distribution function8'(w) andG(«|w). The obvious strategy to solve this problem
is to formulate it as a mechanism where the government detesthe optimal incom& (w, «)
and consumptiol®’(w, ) for each typgw, a). The government then maximiz€s (9) subject to
the budget constraint, the minimum hours constraint

Y(w,a) > wLlym V Y(w,a) =0 (MHC)
and the incentive compatibility constraint

Y(w, @)

Y (', o

Cwa) - v (@ 2D) > ) <o (X2 v e (10)

w
So far this two-dimensional screening problem is difficoltsblve since there is no obvious
ordering of the incentive constraints and because of theénmim hours constraint. We first
show how the problem can be solved if there were no minimumshoonstraint, and then use
the result to show that in the above problem the incentivepaiihility constraints are only

locally binding, which renders the problem tractable.

3.1 The Problem without the Minimum Hours Constraint

As shown in Sectiofl2, without the minimum hours constrdirihdividuals along g3-line earn
the same incomé&’ () and receive the same utility(3). Because the type aggregator then
applies to all individuals, the government’s problem carstaged entirely in terms of. The
incentive constraint in this case reads as

c)-o (TP z o) -0 (T) v (I1Cp)

Since preferences satisfy the Spence-Mirrlees conditiaan easily be shown thgl(s) can
be replaced by an envelope condition

Y Y
v = (TP 1P (ECy)
and a monotonicity constraint
Y'(B) > 0. (MC)

For those individuals who work more thdn,,;,, this incentive constraint also holds in the full
problem. We will now argue why all the other incentive coastts also bind only locally.
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Figure 6: Incentive compatibility constraints

3.2 The Full Problem

Consider a representative iso-income-curve as shown inéf§y First note that along this curve,
by definition, income is constant, so consumption must baletpo. Secondly, all individuals to
the right of then"*-curve must get the same income-consumption-bundle bethegovernment
cannot distinguish between them. Now, three more stepseareseary to show that incentive
constraints bind only locally with respect to this iso-imo@-curve; the argument then applies to
all such curves:

1. For all individuals on the increasing part of the iso-im&scurve, income only depends
on?, ie. Y =Y(%). Using the results of Secti¢n 3.1, we know that within theaaré
and B incentive constraints bind only locally in thg-direction’. By construction of the
iso-income-curves, all income-consumption-bundle€’iand D can also be found it
and B. Hence individuals irA or B do not prefer any income-consumption-bundle€’in
andD.

2. By definition, thea"-type is indifferent between working,,,;,, and being unemployed.
Thus on then*-curve incentive constraints bind locally. It immediatébfiows that all
individuals to the right of this curve strictly prefer beingemployed to earning L,,,;, .
Furthermore it follows that all individuals to the left ofel*-curve strictly prefer their
income-consumption-bundle to that of an unemployed inldial since along the iso-in-
come-curve income is constant whilés decreasing. This also implies that all individuals
on the increasing part of the iso-income-curve prefer timeimme-consumption-bundle to
that of the unemployed.

3. Because tha™-type does not prefer any income-consumption bundle wighédriincome,
all other individuals on the horizontal line also do not prefuch a bundle since they have
a highera and the samev. This reasoning also applies to individuals on the horiabnt
line to the right of thex*-curve since they have the samébut highera.

This shows that for all individuals to the left of theé"-curve, incentive constraints bind only
locally in the ‘3-direction’. For all individuals on the*-curve, incentive constraints bind locally
in the ‘a-direction’. For all other individuals incentive constmts are not binding. Using these
results, we can reformulate the full problem in a tractalde.w

10



For eachg, leta(8) be the smallest and(3) be the largest value ef on the respectivg-line.

Also, let g(«|3) be the density ofx given 3, i.e. the density along thg-line, with support
[a(B),a(B)], and byh(B) the density of3, with corresponding distribution functior@((%‘@)
andH (). Finally, denote by the value of3 associated with the lowest attainable incare:

The government’s objective then is

B1 pa™(B)
W = U (V dG(« dH 10
/ﬁ / L V@) G an() (10)

dF (w),

wo 7 (w) o (w)

<[ [ / BV w0 ) + [ woyicl)

where the first term represents the individuals with> L,,;,, the second those with* = L,,,;,,,
and the third the unemploy@.

When maximizing[(ZI0) the government has to satisfy the baldheadget constraint:

B
/ﬁ (Y(8) - C(8) Ga™B)B)dH(B)  (11)

/ / bdG(a|lw)dF(w) + R
wo  Jav(w)

wy  pat(w)
+ / (WLpin, — C(w, @) dG(a]w)dF(w).
wo  Jam(w)

Note thatY (8) — C(5) = T(Y(B)) andwL,in, — C(w, &) = T(w Ly ), SO the first term on
the right hand side reflects the taxes collected from theviddals that are not constrained by the
minimum hours requirement, the second the taxes from th@gentork L ,,,;,,. On the left-hand
side are the fiscal costs of welfare benefits and additior@e&xous revenue requiremeits

Further, the government has to consider a ‘no-discrimimationstraint’

cp)=C <Y(B) a) , (NDC)

3
Lmin

which states that individuals who earn the same income, attash the same level of consump-
tiond The LHS reflects the consumption of an individual of typéhat is not affected by the

minimum hours constraint, and the RHS reflects the consemtf an individual that works
Lmin and earnd’(3) since his wage isy = ~2).

min

Finally, the envelope condition has to héi:

Y(8)\ Y8) ,
: ) D, vselp.al (BCy)

14Note that thes-line associated witls passes through the poifivg, o™ (wo)).

15Note that in the first line the limit of integration isvin[a(3), ™ (8)], but can be simplified ta™(3), since
g(a|B) = 0fora(B) < a < a™(B). This applies for all the following expressions wher€3) < a™ () is possible
for somes.

16scheuer (2011), considering optimal taxation in a framewatk andogenous occupational choice, imposes a tech-
nically similar constraint when deriving properties of argréto-optimal tax schedule for the case that the government
cannot treat entrepreneurs and employees differentlyag@itirepreneurial profits and wage income are taxed aceprdin
to the same tax schedule.

17Following common practice in optimal tax theory, we solve thebgm without the monotonicity constraint and
verify ex-post that it is fulfilled.

Vi) = (
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4 Properties of the Optimal Tax Schedule

4.1 Marginal Tax Rates

Proposition 1. The solution to the government’s problem in terms of maideoarates is

T(V(B) _ AY()
T (3)  BY() 12)

with
B1
/ / (V(8)) dG(al8)dH(8) (13)
a®(w)
+/m l/@m(w) A =9 (V(w,))) dG(a|w)
u da (w) o
00 (W) ) e T (Do) + )| dF (w)

and

B(Y (8)) = AMB—2T_G(a™(8)[8)h(B).

ey,i—1 +1

The Lagrange multipliep, associated with the government’s budget constréift ($¥Bqual to
the average social marginal utility of income, i.e.

/wl/ V(w, a))dG(a|w)dF (w). (14)

Further, we have
A(Y(B)) = 0. (15)
Proof. See AppendikAll O

The termB(Y (3)) captures the effect of marginal tax rates on labor supplggtbe intensive
margin™ The higher the mass(a"(5)|8)h(B) of individuals whose marginal incentives are
distorted™ the larger their income (reflected 13y, and the stronger their response to an increase
in marginal tax ratesy 1 _r /(ey,1—7 + 1), the lower marginal tax rates should be.

The first two lines of the termd (Y (3)) represent the difference between the marginal value of
public funds), and the social marginal utility’, summed up over all individuals with income
greater tharY. If this expression is greater than zero, welfare is raistakes for this group are
increased. Such an increase can be achieved by higher mlai@irrates at”. This is whyT’
should be the larger, the larger this expression is.

18Equation[[I2) can also be derived by the tax perturbation edktin its terminologyB(Y (3)) represents the elas-
ticity effect (Saez 2001) or the substitution effect (Jatguehmann, and Van der Linden 2010).

19Recall thath(3) denotes the density ¢f, andG (o™ (8)|8) the share of individuals to the left of the™-curve
on this particulars-line, so thatG (a™ (3)|8)h(5) represents the mass of individuals with incoé3) which are not
restricted byL,, i, -
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However, an increase in taxes for individuals with incomevaty” also increases their parti-
cipation taxes. This gives rise to labor supply responsasgathe extensive margin, captured
by the third line in [IB). For a given productivity, the mass of individuals responding is

g(a*(w)|w) (—%) , and an individual responding then receives the welfaretierin-

stead of paying tax€B(w L., ); this decreases government revenue§'byL,,,;,) + b. Again,
this has to be summed up over all individuals with income tgrethany’. If this participation
effect is large, then marginal tax ratestashould be smaffd

We now turn to the condition for optimal marginal tax ratebéqoositive for all income levels.
Denote the density df by (Y1 Sinceh (Y (1)) = 0, in our model the result of no distortion
at the top does not hold; however, this is a purely techngsalé, see Brett and Weymark (2003,
p. 2565). Also, the result of no distortion at the bottom dneshold either, so we can have
T/(Y;nin) 7é 0@

Proposition 2. Let@/( Y’) be the average social marginal utility of income of indivatkiwith
incomey’, andgh , the semi-elasticity of unemployment for incorhwith respect to a marginal
increase inb, i.e. the share of individuals with incomé that would leave the labor force if
unemployment benefits were marginally increased.

(i) For Y < wy L, marginal tax rates are positive if

9 (A=T(Y)
o (5}” 7 ) > 0. (16)

(i) For Y > wy Ly, marginal tax rates are positiveﬁ'(Y) is decreasing in income.
Proof. See AppendikAR. O

This proposition states the conditions for the classicairleies result of positive marginal tax
rates for a situation, in which individuals are restrictgdabminimum hours constraififi. For
incomes greater tham, L,,;,, the extensive margin is absent, so the condition is as istdre
dard Mirrlees case¥’ has to be decreasing in income. If the government wants istrigdite
from the top to the bottom, negative marginal tax rates cebe@ptimal since they distort labor
supply and redistribute in the ‘wrong’ direction.

201n terminology of the tax perturbation methad,(Y (3)) represents the mechanical and the participation effect.
If we allowed for income effects in the utility function (i.€l(C, L; ) = u(C) — v(eL) with u(c) increasing and
concave),A(Y (3)) would have to be extended by

B1 pa™(B)
A T (Y (8'))dG (|8 )dH (),
L, el

oY
wheren = —, with 7 being an additional lump-sum transfer. Individuals withane greater thal (3) have a loss

of net incomeTthat can be interpreted as an additional lump aum.tlf leisure is a normal good, as it would be in that
case, this will make them increase their labor supply. Theinforce[s] the mechanical effect” (Saez 2001, p. 217) by
increasing tax revenues of the government.

2INote thath (¥ (8)) = G(a™ (8)|)h(8) 22 + (G (o (wp)|ws) G (0" (wg)hws)) 2222 =18,

22This is because in our model f6r— 3, both A(Y (8)) — 0 andB(Y (8)) — 0. The result of no dlstortlon at the
bottom, derived by Jacquet, Lehmann, and Van der Linden (20d@)eir model holds because the substitution effect
does not vanish at the bottom of the income distribution.

Z3Condition [I) is the same as in the model of Jacquet, Lehmadr/amder Linden (2010), see their Proposition 2.
This shows that their result can be extended to a situatidh gterogeneity in labor supply conditional ean In
addition, note that conditiof (16) is necessary for margiaalrates to be positive in the pure extensive model, see
Jacquet, Lehmann, and Van der Linden (2010).
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In the presence of extensive responses that condition dloe® not guarantee that marginal tax
rates are positive. They also depend&yn, the semi-elasticity of unemployment for income
Y with respect to the marginal increasebinAs Jacquet, Lehmann, and Van der Linden (2010)
point out, it is reasonable to assume that it is decreasimgome, i.e. the increase in the income-
specific unemployment rate due to a 1$-increase in unemg@oy/renefits is higher for a low-
income than for a high-income group.

If &; , is decreasing in income, this seems to be an additional flarcpositive marginal tax
rates: If higher incomes are less inclined to become uneyegdicthe distortion of higher par-
ticipation taxes for higher incomes (due’f® > 0) is reduced. However, two cases have to be
distinguished.

Case 1.0 < \

For (high) income levels Wit < A, condition [I®) is fulfilled if bothy’ andgh , are decreas-
ing. For these income levels, marginal tax rates can onlyelgative |f§h , I increasing, so that
participation effects are increasing and particularlyhhigr a certain income level, sa)j.

this case, even though negative marginal tax rates justvbEldave an undesirable redistribu-
tive effect and lead to an upward distortion of labor suppdyng the intensive margin, they also
reduce the participation tax fof and — because of the higfy , atY” —induce a relatively large
number of individuals to ear¥ instead of being unemployed , which then increases goverhme
revenues.

Case 2.0 > \

For (low) income levels withl’” > ), both ¥’ andg} , decreasing is not sufficient for optimal
marginal tax rates to be positive. Consider the case thatrfancome intervallyy, Y2] participa-
tion taxes are negatlv@, decreases ‘slowly’ an%b decreases ‘rapidly’, an@(Y") is constant
(or increasing). Could welfare be higher with a decreasimgthedule instead, (i.e. higher taxes
close toY; and lower taxes close t6,)? With ¥’ almost constant, the direct effect on welfare
due to this redistribution within the interval is negligebl Slncegh , decreases rapidly, more
individuals will become unemployed due to the tax incredssectoY; than will begin working
due to the tax decrease closeYta?] This overall increase in unemployment actually increases
government revenue, because with negative participasioestthe government saves this extra
transfer (the participation subsidy) for every individtizit becomes unemploy.

4.2 Participation Taxes

Proposition 3. Optimal participation taxes are given by

da" (wp) > f(wp)Y'(B)
anart (Y(ﬂ)) Lmin

A vir \ _TOB) oo
~ a5 [W(EYJ_T,H) v (5)Iﬁ)h(5)] (17)

Tpart(V(8)) Ag(a® (1g) [ws) (

wherews = +)

min

24since these individuals are indifferent between workind aat working, their change in utility is of second order
only.

25This argument for the possibility of negative marginal taxesatioes not apply for Case 1, because we cannot have
T (Y) < A Tpart(Y) < 0andZ’(Y) < 0 at the same time, see the proof of Corol@ry 2.
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The derivation of this formula can be found in Appendix]A.3erkl, we instead derive it intu-
itively. Therefor, consider first equatidn{17) with thelridnand side equal to zero. We then have
the standard interpretation of a model with only an extensiargin: The sign of the optimal
participation tax only depends on the social marginaltytdf income compared to the marginal
value of public fund®4 For income levels witl’ < A, participation taxes are positive, for those
with @' > ), they are negative (Diamond 1980, Saez 2002, €ramd Laroque 2011b). This
result can most easily be understood by considering an ifegimally) small perturbation of a
tax schedule as shown in Figlre 7, so that the tax at incorigereduced bylT due to a small
decrease of the marginal tax rate in the intef¥al- dY, Y] and a small increase of the marginal
tax rate in the interva]lY, Y + dY] Without intensive labor supply responses, this only has a
mechanical effect (individuals with inconié pay lower taxes) and a participation effect (some
of the unemployed start working as the participation taeduced). For an optimal tax schedule,
these two effects on welfare which are captured by the LHE @ have to add up to zero and
therefore the sign of the participation tax is equal to tige sif A\ — v

\/
~!

/ Y(B)—dY Y(B) Y(B)+dY

Figure 7: Tax perturbation

With labor supply responses along the intensive margin ayetturbation also has a substitution
effect because of the change in marginal tax rates. Indagdwith income iNY — dY, Y] will
increase their labor supply, and those with incom@irt” 4+ dY] will decrease their labor supply.
By the envelope theorem, these labor supply responses bahge welfare by their impact on
public funds. Whether government revenues increase or aeedue to the substitution effect,
depends on the difference of these two effects, which inithig, lasdT — 0, is captured by the
derivative of the substitution effect, i.e. the RHS [ofl(1Fpr a constant mass of individuals, a
constant elasticity and a constant marginal tax rate, thstiution effect is increasing (so that
the RHS of [(IV) is positive), which then makes negative pigdiion taxes less likely compared

to the pure extensive model. This shows that we can Rave ) and still Tpart > 0. &

This raises the question if at least at the bottom of the iredimstribution, where there is no
substitution effect, the result of the pure extensive mbaéds. Note that the right hand side of
(@I7) can be decomposed into two terms:

w oo™ (w Fflwg)Y' (B
26Note thathg (o (ws)|ws) (— anm(wﬂ()m)) W () o,

2IWerning (2007) considers such a tax reform in a classicalléis framework with intensive labor supply responses
in order to test whether any given income tax schedule is @a&fétient. In the next section we extend his Pareto-
efficiency test to models with intensiead extensive labor supply responses.

28The inclusion of income effects would make negative partiipetaxes less likely if leisure is a normal good. The
reason is that an increase in the participation tax indungésa@ease in labor supply along the intensive margin due to
income effects; this effect works against negative paribgm taxes.
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T/(Y(B)) 0 gy 1-1" m
1— T’(Y(ﬁ))% ( evi_T + 1G(O‘ (B)ﬁ)h(ﬂ)) (18)
eyi-T - 9 ( T'(Y(B)
S e @ g ()|

Evaluating at? — f3, the term in the second line vanishes becatic¢ = 0, while the derivative
in the first line is unambiguously positive. In fact, this s the situation depicted in Figurk 7,
when we letY (3) be equal t0Y,,;,, i.e. the tax schedule starts ¥{3) in Figure[¥. Since
there is no substitution effect to the left &f,;,, but there is one to the right df,,;,, the
substitution effect is increasing. Although there is nosditistion effect at the bottom of the
income distribution, the result from the binary model ths sign of the participation tax only
depends o’ relative to) does not carry over.

Corollary 1. In a model with two margin@/ > )\ at the bottom of the income distribution is not
sufficient for the participation ta¥,q,:(Y::») to be negative although there is no substitution
effect atY},,in,.

However, one can show that the reverse hBids:

Corollary 2. With T’ < ) at the bottom of the income distributidf,,,;(Y") is positive for all
Y Z Ymin-

Proof. If &' < ) at the bottom.T .+ (Yimin) can only be negative i T/T(ffy“,)) is negative.
However, T}, has to be positive for somg so that the government budget constraint is sat-
isfied. This means thal’ has to turn positive for some value Bf, sayY’, whereT),,. is still

negative. AtY, T’(ff) =0 and% ( T'(Y) ) > 0, so the right hand side is unambiguously

1-T'(Y)
positive, a contradiction t@),,,(Y") still being negative at that point. O

4.3 A Test for Pareto-Efficiency

So far we focused on characterizing that part of the Paretati€r that corresponds to concave
social welfare functions. We now show that our analysis camtiended to test whether any
given income tax schedule is second-best Pareto-effl€ieRewriting the government’s objec-
tive (@) as

W= /w w /a a V (w, a)dCi(alw)dF (w) (19)

allows to derive a formula that characterizes the whole tBerentier with g(a|w) and f(w)
being the Pareto-weights, aff{«|w) and F'(w) the cumulated Pareto-weiglitsReplacing so-

29The result also applies to the model of Jacquet, Lehmann, andidalLinden (2010): They also do not have a
‘substitution effect’ for the lowest income, because intmeodelT’ (Yyy,in) = 0.

30saez (2001) first proposed this method. Werning (2007) edsit for the classical Mirrlees model with intensive
labor supply responses. Scheuer (2011) pursues this methtittfcase of differential tax treatment of labor income and
profits; as Scheuer (2011), we focus on the integral formegfficiency condition.

311t is well known that every Pareto-optimum can also be intetgat as a Utilitarian optimum with respective weights
in the welfare function. Let the weight of an individual ofpy (w, a) be w(w, ). Then the Pareto-weight is

w(w, a)g(e|w) f(w) = gla|w) f(w).
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cial marginal utility in [I2) by the (averaged) Pareto-weigthen leads to the following corollary
that provides a condition for an income tax schedule to betBafficient.

Corollary 3. Atax schedul&(Y) is Pareto-efficient if and only if

B

- / v, (GO (W)[w) = G(a" (w)|w))dF (w)

Lomin

+/:;) g(au(w)lw)M(T(wme)+b)dp(w) (20)

is non-decreasing ir.

Rewriting formula [[(IR) yields an equation with expressi@f)(on the LHS, and the negative
of the cumulated Pareto-weights of all individuals withante aboveY' () on the RHS. The
RHS decreasing i would imply a negative Pareto-weight at this point and we ldave
Pareto-inefficiency.

A problem with expressioi (20) is that neither the paranseteandw nor the distribution func-
tions f(w) andg(ajw) can be inferred from the income distribution, marginal tates and a
given utility function as can be done with only one-dimensilheterogeneity (Saez 2001).

We now argue that one can rewrite(20) in reduced form makiisginformation redundant:

Proposition 4. Letéy ;7 be the empirically estimated elasticity of income alongititensive
margin and¢;, , the empirically estimated participation semi-elastiatyincome level’”. Fur-

ther, let 7 (Y') be the cdf of the observed income distribution. Then, fosgliaear preferences
a tax scheduld’(Y") is Pareto-efficient if and only if

' - N Ymas :
% Eva-rh(Y)Y — (1= H(Y)) - /Y GoT(Y)+0)dH(Y)  (21)

is non-decreasing ify.
Proof. See Appendik’ Al4. O

As long as we can observe elasticities and the income disitsin we can test for the Pareto-
efficiency of a tax schedule under the assumption of quasali preferences. We thus extended
the analysis of Werning (2007) for the case with intensiveeextensive labor supply respons.

Following Werning (2007) we now briefly discuss the ideaiofiplePareto-improving reforms.
Consider therefor again a tax reform as illustrated in Fe@ir This reform makes some indi-
viduals better off and no individual worse off. If, in additi, tax revenue does not decrease the
reform unambiguously induces a Pareto-improvement. Asermifig (2007), this is rather likely

32Instead of testing for Pareto-efficiency, this analysisd@iso be used to check whether marginal reforms increase
welfare for given welfare weights as proposed by Chetty @00nmmervoll, Kleven, Kreiner, and Saez (2007) actually
consider two kinds of marginal reforms for several Europeamttes: increasing the welfare benefit and increasing
in-work benefits.
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if the income density, and therefore the substitution ¢fiedalling rapidly atY’(3). In the pres-
ence of extensive labor supply responses the possibilisycti a Pareto-improvement is further
influenced by the participation elasticity and the sign efplrticipation tax; itf},,..(Y (5)) > 0

a Pareto-improvement is more Iik@/.

4.4 Exogenous Welfare Benefit

So far we assumed that the government is only restrictedfoynrational asymmetries. We now
consider the case where the government cannot set the fetred avelfare benefib below an
exogenous threshold Such a threshold could exist for several reasons: On thehand, it
could be predetermined by constitution or set by the welfanat to cover a subsistence level
that might be higher than the welfare maximizing one. On tihewohand, there may simply be
a tradition of high welfare benefits that is difficult to ovense by a government without being
accused of lack of solidarity with the poorest p%r.

The following corollary summarizes:

Corollary 4. If the government is restricted not to set the welfare behdfelow an exogenous
thresholdb, then the formulas for the optimal marginal tax rates and dpgmal participation
taxes do not change. However, the marginal value of pubtid$us now described by

/ /a W (V (1, 0))dG alw)dF(w) +y = A,

wo Yo

wherey is the Lagrange multiplier of the constraitt> b.

Proof. See Appendik Al O

If the constraint is binding, thef > 0, so that\ is then larger than the average social marginal

utility of income. In the following section we numericallpvestigate the effect of such an
increase in\, i.e. how such a binding constraint influences the shapecobpitimal tax system.

5 Simulations

In this section we numerically investigate our model. Aftarameterizing the model, we briefly
document on the shape of the marginal tax rates as well asptivaadity of a negative par-
ticipation tax and compare these results to the literatdieen we investigate to what extent
the optimality of a negative participation tax is robust kmgenous restrictions on the welfare
benefit and to exogenous revenue requirements of the goeatnm

33Note, however, that Pareto-inefficient income tax schedenést for which such simple Pareto-improving reforms
are not possible. To obtain Pareto-improvements in this cases sophisticated tax reforms are necessary; nevertheless
conditions[[2D) and(21) can identify the Pareto-inefficienf such schedules.

34Boone and Bovenberg (2004, 2006) investigate a similar cds&emb is exogenous. They propose that social
assistance and the tax system might be chosen by differeetryoental institutions. Further, they argue, that one can
view such an analysis ‘as exploring how the tax system camipagyed to address the possibly suboptimal aspects of
social assistance’ (Boone and Bovenberg 2004, p. 2229).
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5.1 Choice of Parameters

They key parameters of the model are the distribution,gf andw and the functiong/ andW.

The latter is assumed to be )

eI

The higherp the higher the degree of inequality aversion. For our berchsimulations we set
p=1.5.

V()

For the utility function we assum@é(C, L;a) = C' — (aL)k, leading to a constant elasticity of
Ey,1-T' = ﬁ In the following we choosé = 4, which implies an elasticity of.33. Due
to the minimum hours restrictions, this parametric assiwonpctually leads to lower average
elasticities for low income levels, whose exact size depamdthe share of individuals affected
by the constraint at the respective income level.

Since the work of Diamond (1998) and Saez (2001) it is knovan tifre skill distribution plays a
key role for the shape of the optimal tax schedule. We asshempdrametef to be distributed
according to a lognormal distribution with parametéisc) = (2.757,0.5611 in the inter-
val [0.06,3500] and append a Pareto-tail with parameier= 2 at the98.5%-percentile. We
choose the minimum possible value of the Pareto-distdbusuch that the resulting density is
continuous.

The distribution functiorH (3) is consistent with many distribution functio§ a|w) and F'(w)
and many values ofvy and w Bl we specify these as follows: Along @line the mass of
individuals is normally distributed with the mode at the trof the 5-line; the variance of
the normal distribution as well as,, w; and L,,,;, are chosen so that the extensive margin
is present up to th@5%-quantile of the income distribution, participation eleisies are about
0.25 on average, and average intensive elasticities are betiveévery low incomes) and.33
(medium and higher incomes) consistent with empiricahm@ if the following tax schedule
was in place: a constant marginal tax rate of 40% and a wdifamefit such that the government
budget constraint is mBf The density inw, o)-space is illustrated in Figufé 8.
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Figure 8: Densityk(w, )

353ee the online appendix of Mankiw, Weinzierl, and Yagan @00

36With B, 81, wo andw; given,aq anda; can be inferred.

37See, e.g., Chetty, Guren, Manoli, and Weber (2011) and BilirBozio, and Laroque (2011).

38Note that these restrictions do not pin down the values of#iniance wo, w1 andL,,;,, so the parameter combi-
nation we chose is one of many possible combinations. Reseltbawever, very similar for other combinations.
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5.2 Results

Figure[d illustrates optimal marginal tax rates as a fumctib3 for the benchmark case. They
first increase and then follow a U-shaped pattern. Furthatjgipation subsidies are optimal
(Tpart Ymin) < 0); we have| Ty, (Ymin) /bl = 0.36, implying that the transfer a worker with
the lowest income receives is 36% higher than the welfarefién

0,6
05 —Marginal Tax Rate

Figure 9: Marginal Tax Rates

We first test how the result of negative participation taxegethds on the assumed redistributive
preferences of the government, see Fiure 10(a). Not simply the welfare benefitincreases

in p. The participation subsiof},q,+ (Y:..:»)| for the lowest income, and the ratio of this subsidy
relative to the welfare benefif},q,«(Ymnixn)/b| first increases and then decreases. This implies
that participation subsidies (relative to the welfare tighare more important for intermediate
values ofp, with a maximum ap =~ 1.2.

18 04
0,35

—Ratio
0,3

—Welfare Benefit
-~ Participation Subsidy 0,25

02
0,15
0,1
0,05

rho

(a) b and|Tpmt(Ymm)| (b) |Tpa'rt(Ymin)/b‘
Figure 10: Optimality of EITC-type tax schedule as a funciid p

Several unreported simulations support these resultngsae the parameters are such that

distributed log-normally with a Pareto-tail and the extemsnd intensive elasticities are similar.
We refrain from investigating to what extent the resultsafgust to other sizes of the elastic-
ities, but refer to Jacquet, Lehmann, and Van der Linden@pahd Saez (2002) who provide
elaborations of that question. Instead we investigate tatwektent the optimality of negative

participation taxes for a given set of parameters is rolauskbgenous restrictions of the govern-
ment.
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5.3 Optimality of Negative Participation Taxes with Restrctions on Wel-
fare Benefits

As we discussed in Sectibn #.4, the government might béatestmot to set the welfare benéfit
below a certain threshold We now investigate whether negative participation tatagsptimal

if this restriction is binding. As shown in Figufel1l for thertthmark case gf = 1.5, an
increase of the welfare benefiabove its optimal value leads to a decrease in the participat
subsidy rendering the EITC less pronounced. We illustmatecases only until 35%, because
then the Rawlsian, i.e. the maximum valueba$ reached. Although participation subsidies do
not vanish entirely, they become small relative to the welfzenefit, see Figufe T1[B).

18 0,4
16 0,35 —Ratio

14 —Welfare Benefit 0,3
12 - Participation Subsidy

0,25

0,2

0,15

0 0,05 0,1 0,15 0,2 0,25 0,3 0,35 0 0,05 0,1 0,15 0,2 0,25 03 0,35

Percentage Increase in the Welfare Benefit Percentage Increase in the Welfare Benefit

(a) b and|Tpart(Ymm)| (b) |Tpa'rt(Ymin)/b‘
Figure 11: Increasing b with = 1.5

These results may describe one of the reasons why EITC-#ypschedules are a more impor-
tant element of social policy in the US than in continentatdpe. If there are constitutional
constraints not to set the welfare benefit below the subgistéevel, which may be higher in
Europe than in the US, or there simply is a tradition of highelfare benefits in Europe, which
makes it difficult for a government to lower welfare benefiithaut being accused of having
abandoned solidarity with those who are most in need, Earogevernments may be confined
to implement a ‘third best’ without (or with rather low) pi&ipation subsidies but high welfare
benefits. In fact, if¥’(-) is considered as concavity of individual utility, so thia} (Bpresents
a utilitarian objective, this ‘third best’ could be given alitical economy interpretation: As
Coughlin (1986) as well as Lindbeck and Weibull (1987) havann, the political outcome in a
probabilistic voting framework is described by the solatif the maximization of a utilitarian
welfare function.

This is obviously not a closed theory since the restrictiartlee welfare benefit is exogenous
to our model. However, it seems quite reasonable to assuatednstitutional constraints or
tradition regarding society’s generosity with respechipoorest poor may evolve rather slowly,
so that the welfare benefit can not as easily be set as theheagge.

39The graphs are very similar for different valuessphowever, all three curves get steepepascreases.
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5.4 Optimality of Negative Participation Taxes with Exogenais Govern-
ment Spending

The current public debt crises in Europe will probably leadighter budgets in the future.
We therefore analyze whether higher fiscal obligations ledd governments to rely on EITC-
type tax-transfer system to a greater extent. Figule 12 shamnparative statics fdr and
Tpart(Yimin) With respect to an increase in revenue requiremgntsiterestingly, an increase in
the revenue requirement leads to an almost parallel upveniéisof the entire tax schedule, so
that the participation subsidy stays almost constant vthdewvelfare benefit decreases strongly.
With higher revenue requirements the EITC is more pronodinteelative termBJ One might
therefore expect EITC-type tax transfer schedules to playpge important role in Europe as a
consequence of the public debt crisis.

14 06

—Welfare Benefit 05
- Participation Subsidy
04
—Ratio
03
02
01

0 0,05 01 0,15 0.2 0,25 03 0 0,05 0.1 0,15 02 0,25 03

Revenue Requirement as a Share of GDP Revenue Requirement as a Share of GDP

(@) band|Tpart (Ymin)| (0) [Tpart (Ymin)/b|
Figure 12: Increase iR

In contrast, and not surprisingly, if the welfare benefitesexogenously, an increaseiclearly
makes an EITC less likely. In Figufell3, the welfare benefitesat its optimal level without
additional revenue requirements. Keeping the welfare fitesiethis level while increasing?
shows that the participation tax decreases. The (éifiQ,. (Y. ) /b| then, of course, decreases
aswelf A greater reliance on EITC-type tax transfer systems shibigickfore only be observed
in those countries, in which a substantial reduction of tlefave benefit is conceivable.

12 04
— Welfare Benefit 0,35 — Ratic
10 - Participation Subsidy Ratio
03
8 0,25
6 02
4 —— ot
0,1
2
0,05
0 0
0 0,02 0,04 0,06 0,08 01 0,12 0,14 0,16 0 0,02 0,04 0,06 0,08 0,1 0,12 0,14 0,16
Revenue Requirement as a Share of GDP' Revenue Requirement as a Share of GDP
(@) band|Tpart (Ymin)| () [Tpart (Ymin)/b|

Figure 13: Increase iR with fixed b

40This result is robust to other values af The welfare benefit always decreases, while the participaax remains
fairly constant or decreases only slowly.

#IThis result is robust to other exogenously set values of tiléave benefit (as well as to other valuesopf
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6 Conclusion

We characterized the solution to the optimal non-lineaoine tax problem when individuals
cannot work less than a certain number of hours. We provigeddnditions for optimal marginal
tax rates to be positive and derived a formula for the optpaaticipation taxes. We showed that
participation taxes need not be negative at the bottom ofrtb@me distribution if the social
marginal utility of those with the lowest income is greateart the marginal value of public
funds. This shows that only part of the results of the modéls @nly an extensive margin carry
over to the case of two margins.

In addition, we developed a test for the second-best Paféitiency of any given income tax

schedule in the presence of quasi-linear preferences aeudsive and extensive labor supply
responses. When stated in reduced form, the test only reduivliedge of labor supply elas-
ticities and the income distribution. This test complersehé work of Werning (2007) by incor-

porating extensive labor supply responses.

A numerical exploration of the model yielded several resuReasonable parameterizations of
the model confirmed the results of Jacquet, Lehmann, and &ahidden (2010) that optimal
non-linear tax schedules are characterized by a U-shaptstrpaf marginal tax rates and par-
ticipation subsidies for low incomes through a discontinim the tax function. Additionally,
we contribute to the literature by elaborating the relatlup between the degree of inequality
aversion and the magnitude of participation subsidiesdarihcomes, where we find a hump-
shaped relationship. For low inequality aversion, welfaemefits and participation subsidies
should be low. Whereas the welfare benefit unambiguously iséne degree of inequality aver-
sion, the participation subsidy first increases and theredses indicating that the optimality of
an EITC-type tax transfer system is most pronounced fornmteliate redistributive preferences.

Finally, we investigate whether the optimality of an EIType¢ tax schedule is robust to exoge-
nous restrictions on the welfare benefits, exogenous gmemhspending and its interaction.
First, if the government is restricted not to set the welfaaaefit below a certain value and this
restriction is binding, we find that the level of particigatisubsidies is strictly declining in this

exogenous value; from a political economy perspectiverésslt might explain why labor supply

of individuals with low income is subsidized to a greatereext in the US than in continental Eu-
rope. Secondly, we find that an increase in exogenous goegrmavenue requirements mainly
leads to a decrease in the welfare benefit while the partioipaubsidy stays fairly constant; this
result indicates that the importance of participation &libs relative to welfare benefits should
be higher in countries with higher debt. If, however, thestaaint on the welfare benefit is al-

ready binding, then only small increases in exogenous govent obligations lead to a strong
decrease in the participation subsidies.
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A Appendix

A.1 Proof of Proposition[d

The Lagrangian for the Problem as stated in Se¢fidn 3.2 @sds

/51 /“ (B) ) dG(a|B) dH (B)

wy ot (w) w o
+/wO /am(w) ‘1’<V(w7a>)dG(alw)dF(w)+/wo /au(w)\lf(u(b))dG(am)dF(w)

/B 8 <Y(6) - (V(ﬁ) o (Yﬁf)») Ga™(8)|8)dH
" Lonin — (V(w,0) + (0L min))) dG(aw)dF (1)
L
- / w /a a() bdG(alw)dF (w)

Bl a” (Y(ﬁ)/men)
/ / n(5, a) {V(ﬁ) 4+ (Y(ﬂﬁ)) —V(w,a) —v (ame)] dadf
au(Y(B)/L min

v 8 (M(B)V’(ﬁ) ~ iy SR ) as. 22)

+A

Bl p

Partially integratind€CT;) and using:(3)=u (1) =0yields [;"u(8)V'(8) = — glu’(ﬁ)v(ﬁ),

so that the last line of the Lagrangian can be replaced by

Sy B YW)] YW))
v (~w@vie) - uew [F2| 25 ) s (23)
The first order conditions are:
oL (B) , )
e DRLUCI R RORIE (24)
a™(Y(B)/Lmin)
+/ (8, a)da =0
a (Y(ﬁ)/Lmin)
0L = (V'(V(w,a)) = A) glajw)f(w) = (Y ((wLnin),a) =0 (25)
8V(w,a) oo - ) g 77 min)s -
oL

W (‘I’/(V(wa a)) = A) g(alw) f(w) — U(Yﬁl((WLmin)a @) (26)
da (w)

FAgla® (w)|uw) =5

(b+ wLpin — (V(w,a) + v (Lmin))) =0

T(wmeL)“!‘b
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o = (-0 (B2)5) samename) (27)

oY (B) B
(B) , B)) YB)
v (52) o ()
a™ (Y (8)/ Lmin) YO\ 1 oV 1
o P TCCA RS P
a™(Y(B)/Lmin) 77( ) B B 0w Lpyin
oL _ / / (b)dG(a|w)dF (w )\/ / G(a|w)dF (w)
0b ot (w) wo Jat(w)
Yt oat(w) o,
A [ g0 ) |w) (T (wEanin) + b)AF (w). (28)
Solving this set of equations fdryield@
/ / (w, a))dG(a|w)dF(w). (29)

Integrating [24) yields

B a™(B) B1 a™(Y(B)/Lmin)
u(B) = / / L QY Aol - /ﬁ / ( n(B, a)da.

a®(Y(B)/Lmin)

(30)
Inserting [25) and(26) int¢_(30) then results in
B1 pa” ([3)
- [/, (8))] dG(a|8)dH (3) (31)
B1 a™ (Y(B)/Lmin) o Y (B) ))}
+/;3 [/aﬂ(y(ﬁ)/me) [)\ v (V (Lmin7a do

oat (w)

f)\g(oz“(w”w)m

(T(wLpin) + b)} dH(B).

Using 2% = (1 — T'(Y (8))) Lmin andv’ (%) 1 =1-T'(Y(5)) to simplify (Z7) yields:

Y (8) Y(8)

v (=2 o (XB)) X(B)
A(l—v’ (Yé@) ;) G(a™(B)B)h(B) — u(B) () 52( )% _0. (32

“42First integrate[(25) ovar™ to o* and add[(26) and[(28), then integrate this whole expressienito 1, and add
(29) integrated ovep to 5.
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Inserting [30) into[(3R) and using ;_7 = f Y(B , (wherea(1 7y = f—,z, can be derived by
implicitly differentiating the FOC of the unconstrainedliniduals), we have

7"(Y(8)) €y, 1-T’ m
e 1) Gla™(B)|BN(B)

(33)
B1 pat (ﬁ)
/ / (V(8'))) dG(a|")dH (')

a(B)

(w)
Jr/w Vam(w) (A =¥ (V(w,a))) dG(afw) .

oa(w)

+Ag(a“(w)|w)7aT(w T

(T'(wLpmin) + b)} dF(w).
Together with the first order condition with respecbto

/1:1/ b) dG(a|w)dF (w) (34)

- /: [/aal dG(afw) + g(a™ (w)|w)(T(wLmin) + )| dF(w) =0

“(w)

and the transversality conditior(3) = 0, i.e.

Br pa™(B) w1 a'(w)
[ a-vwe) e + [ [ | 0w wa)) d6lalw)
é a(B) a

wo

o™ (w)

+Ag(a"(w) |w)m

(T(wLmin) + b)| dF (w) =0

(35)
this constitutes the solution.

A.2 Proof of Proposition[2

Negative marginal tax rates can only arisedifY (8)) < 0. The transversality conditions imply
A(Y(B1)) = A(Y(B)) = 0, so that forA(Y (5)) < 0in an intervallY'(52), Y (83)[, we must
have A'(Y (82)) <0, A'(Y(83)) > 0 andT' (Y (B2)) > T(Y (53))-

In the following, we prove by contradiction that this canmotid. We start with parti) of
Propositior 2, i.e. with the income interval where the istea@ margin is present. Note that

a™(B)
A ) = [T ) - Gl 5 (36)
(wg)
| L e - Ndaely
g (¥ (ws)us) G A (T () + 0y £,
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Solving A" (Y (82)) < 0 for T(Y(82)) + b and A’ (Y (83)) > 0 for T(Y(B3)) + b, and using
T(Y(B2)) > T(Y(B3)) we have

a™(B2) wﬁz y
[ ) -NdGalsne g + [ 100 (i, ) - NGl L2
( o mwn

a(Bz2) m (w,g
oot (w w
—%gw%nwm%
a™(Bs) (w 3
/ (W' (V(B3)) = AldG(al B3)h ﬁz = +/ ’ wﬁs,a))—MdG(alwﬂg)fL(wéS)
«(Pa) " (wgy ) min
_M flwg,)

o 9" (ws,)lws,) 7—

Using@/(Y), the average marginal utility of income of all individuaksreing incomeY’, which
is given by

a™(B) , a8 a(wg) , flwg)
- L, vv@ueesn@ gz [ s oucee) T

T'(Y(8)) = A [;")’;’”B’
and the definition oh E we can rewrite[(37) as
[W(Y(52) ~NAY(B2) [T (Y(B:) = N h(Y(B)) (38)
(-2t s 220 ) (2 g, sy T2 )

Note that in the denominator we have the mass of individuakst have earned’ (5;)), who
decide to become unemployed due to an increase of the wbHaedit. Therefore, the expression
without the bracke@/(Y(ﬁi)) — A] is just the inverse of the relative increase of the unempgloye
among the group earning due to an absolute increasetirfor T), i.e. the semi-elasticity;, ,

for unemployment with respect to(or 7T°).

So we have

[W(e) =N _ [F(Ys) —
€ﬁ7b(Y2) £ﬁ7b(5/}>) .

9 (AT ()
aY( GV ) -0 9

this is a contradiction and we get p&i} of Propositior .

Since we assumed

For part(ii) of Propositior 2, i.e. fo¥” > w L,i,, the extensive margin is absent. In that case
A'(Y (5)) simplifies to

(g 95
L, W E) - NGesme) gy (40)

With the same reasoning as for péi, part(i:) immediately follows.

“Recall thatu(Y (8)) = G(a™ (B)|)(B) 45 + (G (a*(wg)|wg) — G (a™(wg)|wg)) T2,
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A.3 Proof of Proposition[3

Since equatior{12) holds for all values@fone can take the derivative with respectto

a™(B)
/ V) = NGl (41)

a'(w)
+ / (U (V(w,a)) — \) dG(a|w)

7 (w)

da(w)
AT (wLmin)

0 Ey,1-T" 'Y (8))
0B {/\B <5Y,1T’ + 1) L-T"(Y(B))

Rearranging terms yields Propositidn 3.

—Ag(a*(w)|w)

G(amw)mhw)} 0.

This result can also be derived by considering the effecth®ftax perturbation described in
Sectior 4.P. The first one is the mechanical effect:

o™ (B) oB
/ (W(V(8)) - A) dG(alB)h(B) 22 42)

dwM =
l ®) Y

o (wp) w
+/ ’ (U (V(wp,a)) — A) dG(a|w5)P ar'dy dy,

am (wg) min
wheredT’dY = dT andwg = Y(B)/me@ The mechanical effect has to be integrated
over the intervalY (3’) — dY,Y (8’) + dY]. This triangular area can be approximated by a
rectangular area with lengtidY” and height%dT = %dT’dY. The difference between the
integration over the triangular area and the rectanguksa waill be of second order a&” — 0.

The term in brackets therefore has to be weighted’BYlY dY . This reasoning also applies for
the participation effect:

00" (Ws) (rpyr(y) 1 )L 8 g ay ay (43)

dWP = Ag(a“(wg)|ws) aT(V(3) Lmin

The substitution effect consists of two parts: the first anthe left, the second, to the right of
Y(ﬂ)@ Again taking limits Y — 0), the sum of these two effects can be replaced by the
derivative:
0 ek
AW® = —— |\
op" | Evp

44The first term is expressed in terms 8f and should therefore be weighted B, which can be replaced by
dp = g—ng; in the second line the same applies das.

45To derive the formula for the substitution effect, one firséathe mass of individuals for whom marginal incen-
tives change. It is7(a™(8)|8)h(8)dS, whereh(3)dj is the mass of individuals in the intervg$ — dg3, 8] and
G(a™(3)|B) is the share of all individuals on th@&line with o < o™, i.e.,L* > Ly,;,,. Denote byey, 5 = %g
the elasticity of income with respect fbalong the nonlinear tax schedule as defined by Jacquet, Lehraad Van der
Linden (2010).d3 can then be replaced BdY")/(éy gY"). Individuals affected by this change in marginal tax rates

G(a™(B)8)(B) (—élyi ‘TT, T’)} g—ng’deY. (44)

adjust their income according tesyl'_l;,T/ YdT’, wheregy. ; _r is also defined along a nonlinear tax schedule. Mul-
tiplying this income change by” then yields the effect on tax revenues. For the effect onane|fthis change in tax

revenues has to be multiplied by
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Taking the sum of these three effects (and dividing%ldT’deY) yields

N a™(B)
AW = / (W'(V(B)) — A)dG(a|B)(B)
a(B)

a"(w)
/ (W(V(w,)) — A) dG(alw)

_|_
™ (w)
_Ag(au(w/)|w)M(T(wme) + b)} f (255:) };;(fn)
9 ey T’ . -
0B [Aﬁgwl —70la (ﬁ)lﬂ)h(ﬂ)} 0. )

Using the definitions ofy s andéy,; 7 and the FOQ1 — 7")3 = o' (%ﬁ)) of those indi-
viduals that are not constraint by the minimum hours requénet, we have
. Y(8)) Y(B) Y(B) 1 Y(5)) Y(B)
Ev,8 :UH(5> 52 +”/<6)5:1+W(ﬁ>62 _ 1
Z;Y.rlfT/ (1 - TI) (1 - T/) €Y,1-T’ ’

which then yields Propositidd 3.

A.4  Proof of Proposition[4

To derive the reduced form equation first note that

w1

B1 -
[ e @sane) + [, @m i) - Gt wih)drm) = 1 - #(3)
(46)

Lmin

The observable elasticit§s-; 7 for incomeY and the elasticityy ;7 corresponding to the
assumed preferences are linked by

Eyi-1 G(a™(B)|B)h(B)
evi-1T B(Y)g—g ' @0

Finally, applying integration by substitution, the term

/:];) g(au(wﬂw)cr%(T(wme) +b) f(w)dw

o

min

can be rewritten as

wi L
1Lmin Y
( >
/Y (,8) < Lm.in

I_nseéting [(4%6),[(4l7) and(48) intg (0) and using the defimitiy 5 = ‘g—’gé then yields Proposi-
tion[.

L N (LY> 1 f (LY) N
Lmin> OT(Y) h(Y) Lmin (T(Y) +b)dH(Y). (48)

f;l,b
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A.5 Proof of Corollary ]

If we have the additional constraint that- b, the Lagrangian is extended byyb — b). This does
not change the first order conditions with respedt'{@), V (w, «), Y (3). Also, the formula for
the optimal marginal tax rates and for the participatioretasto not change. There is however a
change in the value of,

/ / (,0))dG (alw)dF(w) + 7 = A, (49)

and in the first order condition with respectito
w1 [e5]
/ / b)) dG(a|w)dF (w) + v — )\/ / dGdF
av(w) wo a(w)

—A /w1 g(a(w)|w)(T(wLpin) + b)dF(w) = 0. (50)

This can be solved foy and inserted intd {4):
B1 wr  pat(w)
/ / DaGg)aHE) + [ [ WV w,a)d6lalw) -

wo

) ll—/wo /aum) GIF — [ gla @) L) + BFW)| . 6D

Hence\ now reads as
fﬁlf" %( V(8)) dG(al|B) dH (S f““ ot WV (w, @) dG(alw)

wo m(w)

o oy AGAF — [ g(a(w)[w)(T(wLinin) + b)dF (w)

(52)
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