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Abstract

We analyze the optimal design of income transfer prograntis a/special focus on par-
ticipation taxes and the marginal tax rates in the phaseegion. The analytical framework
incorporates labor supply responses along the intensgexensive margin, where the lat-
ter is due to a minimum hours constraint. All results are egped in reduced form, i.e. in
terms of intensive and extensive labor supply elasticitiés derive a formula for the optimal
participation taxes and provide a condition under whichatigg participation taxes are never
part of the optimal tax schedule. Concerning the marginatates in the phase-out region,
we develop a test for a tax-transfer system to be beyond theftthe Laffer curve and thus
to be (second-best) Pareto inefficient. In such a case thaukeliee room for tax cuts (or in-
creases in transfers) which are self-financing and thexefonstitute a Pareto improvement.
Applying this test to Germany, our analysis suggests thasttucture of marginal tax rates
in the transfer phase-out region is (second-best) Pareffidient.
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1 Introduction

Redistribution schemes that support the unemployed andidioéls with low income exist in
all developed countries. There is, however, a public debatthe appropriate design of such
schemes. One issue in this debate is whether it is the ungetlar individuals with low in-
come who should receive the largest benefits. Under a Negbtoome Tax (NIT), transfers
are highest for the unemployed. Individuals with positimedme receive lower transfers and
thus pay a participation tax when entering the labor marKieis contrasts to an Earned Income
Tax Credit (EITC): Here individuals with low income receitlee highest transfers. Because
these transfers exceed those for the unemployed, low inaoaingduals receive a participation
subsidy (a negative participation tax) for entering thetabarket.

A second issue in this debate concerns the marginal tax fatdkose income levels where
transfers are phased out. In most real world tax-transfetesys — regardless of whether NIT
or EITC — these phase-out rates are very high. On the one loaredmay argue that this is
unavoidable if society wants to grant large transfers. @motier hand, high marginal tax rates
heavily distort labor supply. As these phase-out rates lasedo 100% in many countries, one
may suspect that they leave room for Laffer reforms, i.ectas that are self-financing because
of strong labor supply effects.

Using methods of optimal nonlinear taxation, we addresseliteo issues and ask (i) whether a
tax-transfer system should levy participation taxes ornrovide participation subsidies for indi-
viduals with low income and (ii) under which conditions a-taansfer system is beyond the top
of the Laffer curve, so that there is room for tax cuts whiatré@ase tax revenue. We derive the
following main results: (i) We generalize a well-known thetical result from the pure extensive
margin model going back to Diamond (1980) to a framework witensiveand extensive labor
supply responses: participation subsidies are never ptremptimal tax schedule if the social
marginal utility of the lowest income workers is smallertithe marginal value of public funds.
(i) We develop a test — based only on intensive and extedah@r supply elasticities and the
income distribution — that can uncover whether a nonlineasthedule is beyond the top of the
Laffer curve. Applying this test to Germany, we find that tharginal tax rates in the phase-out
region may or may not be inefficiently high (depending on tadupply elasticities), but that they
certainly exhibit an inefficient structure so that thereoiem for Pareto improving reforms.

As a formal starting point, we solve the optimal nonlineaoime tax problem in a model with
both intensiveand and extensive labor supply responses. As pointed out by rousempirical
studies, extensive responses are large, in particulanddriduals with low incomé. Addressing
them when analyzing the optimal design of income transfeggams is therefore crucial.

One reason for an extensive margin to exist is a minimum hoamstraint, as first proposed by
Moffitt (1982). Such a constraint can be due to several calsasexample, some tasks require
the worker to be present for a certain amount of time, or theag be fixed costs on the side of
the firm (e.qg., for training or for providing equipment) oniaimthe firm wants to economife.

IThroughout the paper we will use the term tax schedule toritiesthe effective schedule of the entire tax-transfer
system incorporating income taxes and all benefit programs.

2See Heckman (1993), Eissa and Liebman (1996), Meyer andhBasm (2001) and Meghir and Phillips (2010).

SNumerous empirical papers provide evidence for a minimunrdi@onstraint. Moffitt (1982) and Chen (1991)
explicitly test for a minimum hours constraint and find it t® $tatistically significant. Sachiko and Isamu (2011) show
that higher fixed costs on the side of the firm lead to higherirmim hours. Euwals and Van Soest (1999) show that
there are fewer part time jobs than desired by workers in thhétlands. lImakunnas and Pudney (1990) find similar
results for Finland. van Soest et al. (1990) and Tummers aoittig? (1991) suggest hours constraints to be a reason
that many female unemployed cannot find jobs with a low nuroblours per week.



We incorporate such a minimum hours constraint in a moddiowit income effects where in-
dividuals differ in two dimensions, productivity and predaces for leisure. To keep this two-
dimensional screening problem tractable, we focus on aiapdod of separable preferences
which allows to apply a type-aggregaﬂ)r.

Ouir first contribution is of methodological nature in thatsedve this two-dimensional screening
problem and show how to express the optimality conditiomreduced form. The reduced form

solution for the marginal tax rates shows a tight connedtiothe papers of Saez (2002) and
Jacquet et al. (2012). Saez (2002) considers a model, wheheirdividual can choose among
two different occupations and unemployment. Jacquet ¢2@1.2) analyze a Mirrlees model, in

which the extensive margin arises due to disutility of gaptition. Concerning optimal marginal

tax rates, we show that the findings of these papers carrytowesetting where the extensive
margin is due to a minimum hours constraint.

Based on our reduced form solution, we contribute to the Bl&Gus NIT debate by deriving a
formula for the optimal participation taxes in the presesidatensive and extensive labor supply
responses. This formula allows to state the condition thaigipation subsidies are never part
of the optimal tax-transfer system if the social marginditytof the lowest income workers
is smaller than the marginal value of public funds. This iseaggalization of the result from
the pure extensive model, see Diamond (1980), Saez (2002Chané and Laroque (2011b).
Importantly, this result does not depend on our specificnggttith a minimum hours constraint,
but holds in general, i.e. also for other frameworks witteigive and extensive labor supply
responses.

Concerning the issue of high marginal tax rates in the plaseegion, we ask under what
conditions a given nonlinear tax schedule is beyond the fdheoLaffer curve. Whereas the
concept of the Laffer curve is well understood for a lineas, tao one explicitly derived the
conditions for a nonlinear income tax schedule to be effigieior to Laroque (2005) (extensive
margin) and Werning (2007) (intensive margin). For a sgttuith both intensive and extensive
labor supply responses, we first propose a simple test whisthenarginal tax rate at a certain
income level is above its Laffer value, i.e. whether a desgeaf the marginal tax rate at that
income level would increase tax revenue. We then show that aghedule may be inefficient
for more subtle reasons: even if each marginal tax ratd itsetlow its Laffer value, the structure
of marginal tax rates may be inefficient. We therefore dgvelstronger version of the test that
can also identify such inefficient structures of marginalri@tes. We express both versions in
reduced form, so that they only require knowledge of the nmealistribution and elasticities.
Thus, no assumptions concerning the underlying reasorxfensive labor supply responses are
necessary when applying the test to a certain tax-trangséems.

Finally, we apply this test to the tax-transfer system inr@gmy (for singles). Whether marginal
tax rates in the phase-out region are beyond their Lafferegatrucially depends on the values
of the intensive elasticities. However, with the strongersion of the test, we identify an inef-
ficiency irrespective of the values of the elasticities. sTihiefficiency is caused by the structure
of the marginal tax rates which heavily decrease at the irclewel where the transfer is (just)
phased oui. Our analysis suggests that a reform that decreases thermaktay rate below this
threshold income level, and increases it above, constituRareto improvement: As the absolute
level of taxes does not increase for any income level, noviddal is made worse off, but tax
revenue increases due to the induced labor supply respalmsesthe intensive and extensive
margin.

4The concept of a type-aggregator has also been applied iy @ré Weymark (2003) and Choné and Laroque
(2011a).

5The inefficiency does not hinge on the discontinuity in thegimal tax rates but exists as well if marginal tax rates
decrease smoothly.



Besides the above mentioned papers, this paper is alsedédtathe following studies. Kleven
and Kreiner (2006) find that the marginal cost of public fuisdsigher if in addition to an inten-
sive margin also extensive labor supply responses are tat@account. Boone and Bovenberg
(2004) also consider the optimal tax problem in the presefbeth margins: individuals have to
search for a job and can either be unemployed voluntarilyasluntarily. They elaborate how
the government should optimally balance distortions omcteancentives with those on work
effort incentives.

Kanbur et al. (1994) consider the optimal design of taxdfansystems for the case that the
government’s goal is the alleviation of poverty. They shbattif it is optimal that everybody
works, the marginal tax rate for the lowest income is negatiirttila and Tuomala (2004)
extended this result for the case that the government cariealg linear commodity taxes.

Our Pareto efficiency test is related to the test derived the&er (2012), who considers dif-
ferential taxation of entrepreneurs and workers. In his @htite extensive margin captures the
decision of being a worker or entrepreneur. da Costa andrR¢g911) derive the properties
of tax schedules that satisfy a minimum equal sacrifice mitewse the Pareto efficiency test of
Werning (2007) to test whether these schedules are Pafiierf

The application of our Pareto efficiency test to Germany lsteel to a study by Blundell et al.
(2009). For Great Britain and Germany, they calculate thBane weights that would render
the given tax-transfer systems for lone mothers optimah $milar vein, Bargain et al. (2011)
pursue this approach for 17 EU countries and the US focusingimgles without childreB.
Both of these studies estimate the relevant elasticitids—&or a discretized income distribution
with a small number of intervals — then invert the optimalf@smula to calculate the respective
welfare weights. We instead apply a more continuous appraad thereby examine the structure
of marginal tax rates in greater detail. This makes our agghranore powerful in identifying
inefficiencies.

The remainder of this paper is organized as follows: In $a¢8 we present our model of
labor supply (Sectioi 2.1) and the government’s problenct{@e[2.2). We reformulate the

government’s problem as a direct mechanism in SeEfidn 2e3danive the solution and express it
in reduced formin Sectidn2.4. In Sectidn 3 we discuss thpemtees of the optimal tax schedule
with respect to the marginal tax rates (Secfiod 3.1) and énggipation taxes (Sectidn 3.2). In

Sectior 4 we derive the Pareto efficiency test (Seéfidn 4d ppply it to the German tax-transfer
system (Sectioin 4.2). Sectibh 5 concludes.

2 The Model

2.1 Individuals’ Labor Supply

Individuals’ preferences over consumpticrand hours of worl{. are characterized by the quasi-
linear utility function
U(C, L;a) = C —v(alL),

with v(0) = 0, " > 0, v” > 0. Individuals differ in their productivityw and in«, which
measures preferences for leisunels assumed to enter the utility function in this way to render

6Relatedly, Immervoll et al. (2007) consider two kinds of giaal reforms for several European countries: increasing
the welfare benefit and increasing in-work benefits. They thrad the latter would increase welfare in many EU coun-
tries for a large set of redistributive preferences whetkasormer can only be justified by very strong redistribativ
preferences.



the two-dimensional screening problem tractahleand « are distributed withirfwg, w] and
[, 1] according to a joint density functiaf{w, ), which we represent by the marginal density
f(w) and the conditional density(«|w): d(w, @) = f(w) g(a|w). The mass of individuals is
normalized to one.

Individuals have to pay (possibly negative) ta¥gsand because, w and L. are unobservable
for the government, these taxes only depend on incBreew L. All individuals with the same
income therefore receive the same consumption lével Y — T'(Y').

Without the minimum hours constraint, income and utilitypded onw anda only via the one-
dlrr&;epsmnal aggregate= =, which can easily be seen by expressing preferences in teréhs
an

U:C—v(aL):C—v(%) :c—u(%) — U, B).

Note that the smallest and largest valueSoire 5y = wo/a1 and 51 = wi/ap respectively
(see Figurgll). Lef<(3) be the distribution function off with corresponding densiti(3)
that has suppoffidy, 51]. Also, let the conditional density af in terms of 3 be g(«|3), with
corresponding distribution functiofi(«/|3).

Along eachgs-line individuals are identical concerning income and eongtion, but — in mov-
ing away from the origin — the number of hours an individuatkeodecreases: Because of their
higher preference for leisurg, these individuals work less, but because of their highedpc-
tivity, they earn the same income and receive the sameyutilit

Wo

Figure 1: Partition of the type-space by anda* and iso-income curves

With the minimum hours constraitit > L,,;,, this no longer holds. As labor supply decreases
along eaclg-line, it will at some point equal.,,;,,, and would then fall below it. This, however,
is not possible, so these individuals have to work the mimnmwmber of hours. We denote the
critical values ofa that separate those that are not restricted by the minimumstmnstraint
(L > Lpin) from those that arel{ = L,,;,) by o™ (w); we provide a formal definition of
this o™ -curve below. Since all individuals to the right af* work L,,.;,,, income in this area

is constant along a horizontal line, see Fidure 1. AlongMisiszontal line,« is increasing and

“Choné and Laroque (2011a) consider a similar model, botvalbr a more general aggregation function than
B = w/a. Also, Brett and Weymark (2003) use such a type-aggregatamiodel with endogenous education.



for sufficiently large values of it, individuals prefer nat work at all. We denote this second
threshold bya*(w); again, we provide a formal definition below. In the follogime present
the model and the derivation of the results for the case thpin FigurdlL, i.e. that both curves
are interior and do not cross. This assumption is not nepetsalerive the results but greatly
simplifies the notation. Also, we could let the minimum hocosstraint depend om, i.e. define
a functionL,,;, (w). Again, to simplify the notation we refrain from doing so.

For income levels lik&”(5’), the iso-income curve is a kinked line. The group of inditu
earning this income consists of two subgroups: Those onntreasing part of the curve can
adjust their labor supply freely and those on the horizaoéiad cannot. This is important for the
average elasticity of income with respect to a change in taggmal tax rate: for each income
level, this elasticity will depend on the share of these tuloggoups.

Finally, let the density o¥” beh(Y), with corresponding distribution functiafi (Y'); the formal
definition is provided in Appendix_Al6. As labor supply deciss depend on the tax-transfer
system, this distribution function is endogenous.

2.2 The Government's Problem

The government’s aim is to choose the nonlinear tax schef{if® that maximizes social wel-
fare

W = / U (V(w,@))dG(a|jw)dF(w), (1)
subject to a budget constraint and

V(w,a) =max C —v(al) st C<wL-T(wL) and L>L,,VL=0 (2

We denote the welfare benefit by= —7°(0). Participation taxes then are

Tpart(y) = T(Y) - T(O) = T(Y) + b.

Note that the government may find it optimal to have a discwiitly in the tax schedule at the
bottom, i.e. T(Yinin) # T(0), s0 thatTye,¢(Yimin) # 0. This can well be the case even for
Ymin — 0.

¥(-) is increasing and concave and may either represent réditte preferences of the gov-
ernment or a concave transformation of individual utifitibat does not change preferences over
leisure and consumption. With = ¥ (V(w, «)), all individuals with the same utility have the
same impact on welfare. This implies that (e.g. along theeimsing part of the iso-income curve)
the utility of a ‘lazy and able person’ is valued the same as$ d¢ifian 'unable and hardworking’
individual. One could, however, easily generalize all @sults to the cas® (V (w, a), o).

2.3 The Government's Problem as a Direct Mechanism

As is well known, a way to make the problem of optimally chogsa nonlinear tax function
tractable is to formulate it as a direct mechanism, wherggtheernment chooses the optimal
income-consumption bundlg” (w, ), Y (w, ) for each type(w, a)ﬁ The government then

8The reader not interested in the detailed derivation of épeesentation as a mechanism may skip this section and
move immediately to Sectign 2.4, where we present the soltiti the government’s problem in terms of the tax schedule.



maximizes social welfard (1) subject to the resource caimt(whereR denotes exogenous
government expenditure)

/w” /; C(w, @)dG(afw)dF(w) + R < /w“” /: Y (w, a)dG(ajw)dF(w),  (RC)

the minimum hours constraint

Y(w,a) > whlpin V Y(w,a) =0, (MHC)

and the incentive compatibility constraints

Clway—o () 5 oty o (L) )

w w

Y / /
YL 0) 5 i v Yy al) =0,

vV w,a,w’, o’ with
Denote (by some abuse of notation) the associated inditiéitst tunction also byV (w, «); it is
the ‘direct-mechanism equivalent’ {g] (2) and defined by:
Y / / Y / /
V(w,a) = max C(w', ') —v (7(1 (w0 >> s.t. Y(w',d) > Lin V Y (0, 0) =0.

w’ o’ w w
This problem is not straightforward to solve. For exampte $et of incentive compatibility
constraints is diminished by the fact that for most inditiLit is impossible to mimic some of
the other types because the income-consumption bundlgrdgsd to these other types would

require the individual to work less thah,,;,. In the following we show how to rewrite this
problem in a tractable manner. For this purpose, we stage flemmas.

Lemma 1. In any incentive compatible allocatiol,(w, o©) must be non-increasing in.

Proof. If for @ > a we haveY (w, &) > Y (w, ), we must haved (w, &) > C(w,a). Butif,
of two bundles(C(w]a), Y (w, &)) > (C(w, ), Y (w, a)), type(w, &) prefers the first one, so
must type(w, «) because of the lower disutility of labor. O

Based on this lemma, we can define the threshold functénanda™; based or™ we can
then define the value ¢f that is associated with the lowest incomg;,, = woLmin:

Definition 1. For any incentive compatible allocation, define the thrédlionctiona (w) such
that ¥e) > 1. for a < a(w) and Y% — 0 for @ > a*(w).

Definition 2. For any incentive compatible allocation, define the thréglionctiona™ (w) such
thatw > Loin fOr a < o™ (w) andw < Lyin for a > o™ (w). This threshold can
also be expressed in terms 6f which will sometimes simplify the notation. In this case we
denote it by}’ (3); formally itis given bya™ (w) = a?(%(w)).

Definition 3. For any incentive compatible allocation, defipje= (lmué?ﬂo)’ or implicitly by
In Figurel1,5 would correspond to thg-line through the intersection of the”-curve and the
lower borderw, of the type space. Note thatconstitutes the lower bound for unconstrained
workers, i.e. for3 > j there is a positive mass of individuals working more tiagy,, .

7



The nextlemmais based on the type aggregatond allows to define income, consumption and
utility for all workers that work more than,,,;,, solely as a function of.

Lemma 2. If it is optimal for type(w, o) to choose income- consumptlon bun(ﬂé Y) with
L > Lin, then itis also optimal for any other tyge/’, o) with £ wo— = “and U’j > Loin.

The next lemma simply follows from the fact that the governbt&n only observe income. It
will be used to link workers who work,,,;,, with those who work more thah,,,;,, but earn the
same income.

Lemma 3. In any incentive compatible allocation, whenewéfw, o) = Y (w’, ) for some
types(w, a) and(w’, '), thenC(w, o) = C(w’, /).

Based on these three lemmas, we show in Appdndik A.1 thatdergment’s problem can be
rewritten in the following way, which can then be solved gsatandard Lagrangian techniques:

Proposition 1. Instead of choosingC(w, «),Y (w,«)} in order to maximize[{1) subject to
(MHCQ), (RT) and[(IT), the planner can also chodg&(3), Y (3)} for all unconstrained work-
ers, consumption levels for the constrained workegrgw, o)} and consumption levelsfor all
inactive workers subject to

(i) a no discrimination constraint

c(8) =c <Y(ﬂ),a) v §anda e {am <Y(5)> o <Y(5>>} Ee)

Lmin Lmin

(i) an envelope condition

(iii) a monotonicity constraint
Y'(B) >0V 3> 8, (MC)

(iv) and the government budget constraint

B1 _
[ [, pactehnare) « r= [T 03) -0@) Gep@Rare) @O
w1 “(w)
n Limin — Clw, @) dG(a|w)dF (w),
Lo (1,0)) dG(afw)dF (w)
wherep = =t andthethresholdfunctlorts“( w) andaj'(B) satisfy
C(w,a) —v(a@™(w), Linin) =b Yw

and

Proof. See AppendikAll O



The intuition for the restatement of the government’s peabis as follows: For all individuals
to the left of thea-line, incentive constraints can be replaced by an envetopdition and a
monotonicity constraint as in a standard Mirrlees problémy further incentive compatibility

is guaranteed by the definition of the thresholds and the soridiination constraint, which
formalizes the fact that individuals with the same incometine assigned the same consumption
as well.

2.4 Solution to the Government’s Problem

In Appendix[A.2, we state the first order conditions of the gjovnent’s problem the way it
was expressed as a direct mechanism in Propogition 1. Usase ffirst order conditions, in
Appendix[A.3, we then derive the solution in terms of the wyati tax schedule which can be
summarized as follows:

'Y (B)) EVA-T' =/ m _ _
1_ T’(Y(ﬂ)))\BEYJ,T/ T 1G(a (B)B)k(B) — A(Y (B)) =0 VB, 3

whereesy ;7 denotes the elasticity of the unconstrained workers, attdl wi

B pa™(B) )
W1 a®(w)
+/ L Vam<w> (A = V' (V(w,a))) dG(afw)
6au(w)

+Ag(a* (w)|w) (T'(wLmin) +0) | dF (w).

OT (WL )

The Lagrange multipliek, associated with the government’s budget constr@gfii@ (), is equal
to the average social marginal utility of income, i.e.

A= /w0 /(10 U'(V(w,a))dG(a|w)dF (w). 5)

Further, we have

AY(8)) = AY (A1) = 0. (6)

Deriving the conditions for the optimal marginal tax ratesl dahe optimal participation taxes
from equations[(3) and(4) is rather cumbersome. Also, wet teaaxpress the test for Pareto
inefficiency in terms of observable labor supply elaststand the income distribution. We
therefore rewrite the above solution in reduced form. Toaﬂdestﬁl(Y) be the average social
marginal utility of income for all individuals earning. Also, let{(Y") be the semi-elasticity of
participation, i.e. the increase in the number of unempdogéative to the number of individuals
earning income level” due to an absolute increaseTitY’) (or b). Likewise, letz(Y') be the
average elasticity of income with respecfite 7" of all individuals earning incom¥&. Note that
we define all (semi-) elasticities in a way that they are pasitFinally, denote the maximum
income byY,,0. = Y (51).



Proposition 2. The optimality condition§{3][6) can be expressed in rediform as

T'Y) e _
with y
A = [ [0 =T @) = ) Bpard(D)] (T, @
A=T(0)H(0) + / e U (YV)dH(Y), (9)
Ymin
-A(szn) = A(Ymaz) =0, (10)
Proof. See AppendikAl. O

Equation [¥) captures the optimality of the tax scheduleaghencome level’. It could as
well have been derived by the tax perturbation method asket®yi(1997) and Saez (2001). We
briefly state the derivation using this method because itan#hke optimality conditions easier to
interpret. Consider an infinitesimal increa&€ of the marginal tax rate in an income interval of
infinitesimal lengthlY” around incomé&”. This will have three effects on welfare, a substitution
effect, a redistribution effect and a participation effect

Substitution effect: Individuals within the interval adjust their labor supplpiag the intensive
margin. By the envelope theorem, these labor supply regsomsly change welfare by their
impact on public funds. The mass of individuals affectedl(i¥)dY. The average increase in

income is given by2Y, 7" = 1Y;(18 dT’, which multiplied byZ”(Y") yields the effect on
public funds. The substitution effect in terms of welfarerihs
'(Y)
S _ — /
AW = >\1 — T/(y)Ys(Y)h(Y)dT dy. (11)

Redistribution effect: The increase of the marginal tax rate would result in a higherall tax

of dT"dY for all individuals earning more thai and thereby redistribute money from these
individuals (valued byT/) to the government (valued by). This redistribution effect on welfare
therefore reads as

dWE = dT dY/ T @) dHT). (12)

Participation effect: Some of the individuals earning more thanhwill stop working due

to the higher part|C|pat|on tax. For each income leYel> Y, their mass is captured by
3%52 dT'dy = g(Y)h( )dT'dY . By choosing unemployment over employment the gov-
ernments tax revenue is decreased by the participationftdvese individuald ..+ (Y E This

effect on welfare equals

aw ——deY/ NV Tyt (V)AH(Y). (13)

For the tax function to be optimal, we have to haW&° + dW % 4 dW? = 0, yielding (7).

9As these individuals are indifferent between working antiworking, these labor supply responses only change
welfare by their impact on public funds.

10



Equation [®) states the well known result that the averag@bmarginal utility of income is
equal to the marginal value of public funds if there are namime effects. A marginal increase
in income for everyone increases welfare by the aggregatalsonarginal utility of income, and
decreases government revenue by one (as the mass of iral/zidwne), which is valued by.
For the optimal tax schedule, these effects have to canteyielding [3).

A(Yin) = 0 could also have been derived by a small perturbation of thes¢hedule such
that all employed pay marginally higher taxes, leavif@) = —b constant. This marginal and
identical increase in the participation tax for all indiuas that are employed would only cause
a redistribution and a participation effect as defined i) @2d [I3), both integrated over all
income levels greater than or equal¥p,;,,. The conditionA(Y,,:;,) = 0 then follows from
dWT + dWP = 0. Because this reform increas®s,,+(Ymin) While 7'(0) stays constant,
this condition implicitly determines the optimal ‘size’ tie discontinuity in the tax schedule.
As argued by Choné and Laroque (2011b) and Jacquet et dl2)2id may well be that the
government finds it optimal to have negative participateres for low income workers induced
by such a discontinuity and at the same time have strictjtigesnarginal tax rates. In section
4.2 we will derive a formula for the optimal participatiorxtand provide a condition under which
participation taxes are strictly positive.

3 Properties of the Optimal Tax Schedule

We first briefly comment on the optimal marginal tax rates int®a[3.1, before we discuss the
optimal participation taxes in Sectibn B.2 in greater detai

3.1 Marginal Tax Rates

Simply rewriting condition[{]7) yields the following corally

Corollary 1. The solution to the government’s problem in terms of maildararates is

vy KO =T ) - AT T (V)] ()
1-T(Y) AYE(YV)R(Y) ' (14)

The denominator captures the substitution effect. Thedritite mass of individuals(Y") whose
marginal incentives are distorted and the higher theirayeelasticity(Y") and their produc-
tivity, the larger the excess burden and therefore the ldlneemarginal tax rate.

The first term in the numerator represents the redistribwgftect as defined if.(12). The greater
the aggregated difference betweeand¥’, the higher marginal tax rates should be.

The participation effect as defined [0 [13) is captured bystheond term in the numerator. It is
increasing in the mass of individuals responding along #tersive margirf (Y')2(Y") and the
participation tax. It counteracts the redistribution effend leads to lower marginal tax rates.

10As stated in the introduction, this formula resembles tiselts of Saez (2002) and Jacquet et al. (2012).
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We now briefly comment on the sign of the optimal marginal @es. First, marginal tax rates
need not be zero at the bottom and at the top. Accordirigio {i®numerator of conditioh (1L4)
equals zero fot,,;,, andY;,, ... For these two values df we then have to have

T'(Y)

Forz(Y)h(Y) > 0 we get the standard result of no distortion, but(¥")2(Y) = 0 we may
haveT'(Y) # 0. This case applies in our minimum hours model for b, andY,.q.:
Because the increasing part of the iso-income curve is tafimally small forY,,;,, we have
Z(Yimin) = 0. ForY,,... we haveh(Y,,...) = 0 because the length of the respective iso-income
curve is infinitesimally small.

Secondly, for interior income levels we prove in ApperidifiAhat marginal tax rates are non-
negative i@’(Y) is decreasing in income and

!/

A—T(Y)
§(Y)

0

a_Y > 0.

Note that this condition resembles the condition deriveddmyquet et al. (2012). This shows that
their result carries over to different frameworks with exdiwe and intensive margin.

3.2 Participation Taxes

We now turn to the question whether the optimal tax-transystem should levy participation
taxes or provide %articipation subsidies. To do so, we fteteshe optimality condition for the
participation taxe

Corollary 2. Forincome levels witl§(Y") > 0, optimal participation taxes are given by
— ’ _
(AT W) V) + & [V R2(Y)

Tpart (Y) - )\§(Y)h(Y) . (15)

Proof. Because equatiohl(7) holds for all valuestgfwe can take its derivative with respect to
Y’; rearranging terms then yields {15). O

To gain an intuitive understanding of this expression, fimtsider equatiori (15) without the
term aiy [-]. We then have the standard interpretation of a model with extensive labor supply
responses: The sign of the optimal participation tax onlyethels on the social marginal utility
of income compared to the marginal value of public funds: iRcome levels withl' < ),
participation taxes are positive, for those WiEh > A, they are negative (Diamond 1980, Saez

n our minimum hours model, the extensive margin may be mgs&r very high income levels, so thetY") = 0.
For these income leveld,,,+ cannot be inferred froni.(15), but is implicitly defined by &t of optimality conditions
stated in Propositiol] 2. However, conditign](15), when ipliétd by the denominator, holds for aff.
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2002, Choné and Laroque 201E)This result can most easily be understood by considering
an (infinitesimally) small perturbation of the tax schedageshown in FigurEl2, so that the tax
at incomeY is reduced byl/T due to a small decrease of the marginal tax rates in the inter-
val [Y — dY,Y] and a small increase of the marginal tax rates in the intékyal + dY]
Without intensive labor supply responses, this only has éffiects: a redistribution effect of
(E/(Y) — M)h(Y) as individuals with incom@&” pay lower taxes, and a participation effect of
Tpart(Y)AE(Y)R(Y') as some of the unemployed start working if the participatigoris reduced.

For the optimal tax schedule, these two effects on welfave taadd up to zero and therefore

the sign of the participation tax is equal to the signof b

T(Y)
A

\
~

Y-dY Y Y+dY

Figure 2: Tax perturbation

With labor supply responses along the intensive margin aygrturbation also has a substitution
effect as defined if_(11) because of the change in marginaktas. Individuals with income
in [Y — dY,Y] will increase their labor supply, and those with incomg¥fY” + dY7] will
reduce it. Whether government revenue increases or desrelepends on the difference of
these two effects, which in the limit, @§" — 0, is captured by the derivative of the substitution
effect, i.e. 22-[]. This derivative can be smaller than zero if for example thesity 4(Y') is
decreasing quickly. However, for a constant density, atem&lasticity and a constant marginal
tax rate, the substitution effect is increasing (so lg%a@] is positive), which then makes negative
participation taxes less likely compared to the pure extemsodel. This shows that we can have
¥ > \and stillT,q.+ > 0, so that the result of the pure extensive model does not caswyto

a setting with both margins.

12Christiansen (2012) also discusses the question of neggéirticipation taxes in an extensive margin model and
refers to the important role of labor supply responses dfidsiglled for this condition to hold. He also generalizes th
result to a general equilibrium framework.

L3werning (2007) considers such a reform in a model with ontgrisive labor supply responses to test whether a
given income tax schedule is Pareto inefficient.
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As we have shown in Sectidn_B.1, the substitution effect,at, equals zero since either
Z(Yimin)h(Ymin) = 0 or T'(Y,in) = 0. This raises the question if at least at the bottom of the
income distribution the result of the pure extensive modédé Note that the terrg%[-] can be
decomposed as

T'(Y) 0

T gy [0V ) || 4o

Forz(Yimin )h(Ymin) = 0, the second term vanishes and the derivative in the firstisetmam-

biguously positive so that the first term as whole is posifivegative) |f%§’}”l) > (<)0.

For T’ (Y,.in) = 0, the first term vanishes and the second term is positive {ivegaf 7" is
increasing (decreasing) i at Y,,,;,. Thus, although the substitution effect equals zero at the
bottom of the income distribution, the result from the binarodel that the sign of the partici-
pation tax depends solely oh relative to\ does not carry over. However, usiig]16) one can
show that the reverse holds:

Proposition 3. If the social marginal utility at the bottom of the incometdizution is smaller

than the social marginal value of public funds, @I.(Ymm) <A andT/(Y) decreases in
income, therl,q,+(Y) is positive for allY” > Y,

Proof. If @'(Ymm) < A, thenT,u+(Yinin) can only be negative if(16) is negative. Again
we have to distinguish two cases: F(¥,,in)h(Yimin) = 0, the second term of (16) van-
ishes, so tha{{16) can only be negativdT{Y,.:n) < 0, because2- [h(Y)YE(Y)] > 0 for
Yonin- FOrT/(Yoin) = 0, the first term of[IB) vanishes, so that](16) can only be mesyéit

aiy [%} < 0, which impliesT’(Y,in, + €) < 0 for some smalk. In both cases, for

Tpart(Ymin) to be negative]” has to be negative far equal or close @7,

However, becaus&(0) < 0 by definition (since individuals without income cannot payes),
Tpart has to be positive for somig so that the government budget constraint is satisfied. This

implies thatT” has to turn positive for some value Xt sayf/, whereT )+ is still negative. AtY,

T'(Y) =0, = [fgfg)} >0, and@'(f/) < A, so the right hand side df{lL5) is unambiguously
positive, a contradiction td“pa,.t(f/) still being negative at that point. (F@(f/) = 0, the
numerator of the right hand side ¢f{15) would be positivejlevit,,,.(Y)A(Y ) (Y) = 0,
again a contradiction.)

If Tpart(Ymin) > 0 andTpart(}A/) < 0 for someY > Y,,;,,, there must be ¥ < Y such that
T'(Y) < 0 andTpe(Y) = 0. If then T, becomes positive for somg > Y, the same
reasoning of the previous paragraph applies agaiffi,Jf; did not become positive, we would
haveT,.«(Y) <0V Y > Y. Butthen the right hand side ¢f{[14) would be positive¥or= Y,

a contradiction td”(Y) < 0. O

This proposition generalizes a well-known result from tp&raal tax model with only participa-

tion decisions (going back to Diamond (1980)) to a framewwitk both intensive and extensive
labor supply responses. Whether the condition that thebaarginal utility at the bottom of the

income distribution is smaller than the social marginateadf public funds is fulfilled depends
on the welfare function and, e.g., on the number of inactigekers. The higher this number, the
stronger is the impact of their social marginal utility o timnarginal value of public funds and
the more likely this condition is fulfilled. Also, the morercave the social welfare function,
the more likely it is fulfilled. In the extreme case of a Rawalsiwelfare function, the condition

always holds.
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4 A Test for Pareto Inefficiency

So far we focused on characterizing that part of the Paretti&r that corresponds to concave
social welfare functions. We now show that our analysis carxtended to test whether any
tax-transfer system is second-best Pareto ineffilbit the following Sectiof 411 we derive the
test. We then apply this test to Germany in Sedfich 4.2.

4.1 Theoretical Considerations
4.1.1 Inefficiently High Marginal Tax Rates

We first ask whether the marginal tax rate at a certain incawve (given the marginal tax rates
for the other income levels) is so high that it is beyond itfféravalue. To determine this value,
it is helpful to rewrite the optimality conditio7) in thelfowing way:

%z(mh(y)y = HW) + [ O TP () (a7)
1 [Ymer _, _ _
_ _X/y T (V)dH(Y).

The Laffer value, i.e. the revenue maximizing marginal e ris found by ignoring the effect
on individual utility, i.e. by setting all welfare Weighﬁl to zero. It then immediately follows
that 77(Y') is too high if the left hand side of (17) is greater than zerbisTyields a first test

for inefficiency, which can be applied if the tax schedule, ithcome distribution and the labor
supply elasticities are known:

Proposition 4. For given intensive elasticitiefY"), extensive semi-elasticitié§Y”), an income
distribution H (Y") and quasi-linear preferences, whenever a tax schedulsfrsi

Ymax ~

EY)R(Y)Y — (1 — H(Y)) +/Y EYV)Tpar(Y)YAH(Y) >0 (18)

(YY)
1—T'(Y)

for at least som@&”, then the tax schedule is second-best Pareto inefficient.

This proposition can be considered as the natural extesithe Laffer argument to nonlinear
taxation: With a linear tax schedule, it is the constant nmaigax rate that is too high over the
entire schedule; here, it is the marginal tax r&t€Y") at a specific income levéf. Lowering
T'(Y') will increase tax revenue; it will also redud@éfor all income levelsy” and above, which
will make these individuals better off. A small reductiortibé marginal tax raté” (Y") therefore
constitutes a Pareto improvement.

This test will identify some of the inefficient tax schedyllest we will now argue that a stronger
test exists: Even if each marginal tax rate itself is below Ithffer value, the tax schedule can
be inefficient because the structure of marginal tax ratasti®fficient. In this case, a different
reform will be needed to achieve a Pareto improvement.

145aez (2001) first suggested this idea. Werning (2007) edédmthis approach for the Mirrlees model with intensive
labor supply responses. We extend this approach to the tagertsive and extensive labor supply responses.
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4.1.2 Inefficient Structure of Marginal Tax Rates

To derive the stronger version of the test we use the facfdhatch Pareto efficient tax schedule,
there exists a set of nonnegative welfare weights so thaathechedule is the solution to the
welfare maximization problem for these weights. If one @&t weights has to be negative, the
tax schedule cannot be efficient. Taking the derivative ofdition (17) yields an expression for
these weights:

4

S

o[ T(V)
ay |1-T'(Y)

VW)Y | +hY) = V) Tpare (VR = YT 0y). (a9)

>’ ‘

A negative welfare Weighf/(Y) and thus a Pareto inefficiency exists if the left hand sidE8J (
is negative, i.e., if the left hand side §f{17) is decreasinmcome. This defines the stronger
version of the test:

Proposition 5. Given intensive elasticities(Y’), extensive semi-elasticiti€g}Y’), an income
distribution H(Y") and quasi-linear preferences, a tax schedlilg”) is second-best Pareto in-
efficient, if

Ymax —

ammnyfawa»+L, V)T (VYAH(Y)  (20)

'(Y)
1-T'(Y)

is decreasing irt” for at least oney’.

Again, this test can be applied if the tax schedule, the iredistribution and the labor supply
elasticities are known. Note that it nests the conditionFareto inefficiency of Propositidd 4,
i.e., whenever a tax schedule is inefficient according 19, (it8s also inefficient according to
(20): If the cumulative welfare weights are smaller tharozso that the right hand side ¢f{17)
is positive), then at least one of the welfare weights hastadgative. On the other hand, the
weighted sum might still be positive although some of theghts are negative.

If the test indicates that a tax schedule is inefficient, theeform as depicted in Figuké 2 in
Section 3.2, conducted at income lew€| will yield a Pareto improveme@ Such a reform
will be self-financing or even increase tax revenue. WithHabor supply responses, this tax cut
of course decreases tax revenue, but the labor supply respaevill outweigh this loss. Using
equation[(IB) instead df (P0) makes it easier to see, whemilide the case.

The mechanical loss in tax revenue is giverily "), the mass of individuals affected by the tax
cut. The participation effect on public funds induced by tédwe reform is captured by the third
term on the left hand side df (19): The larggy,,.(Y") and the larger the participation semi-
elasticity((Y'), the larger is this participation effect. The argument far substitution effect is
more subtle as the tax reform on the one hand increases rabr@xrates for incomes slightly
higher thanY” and on the other hand decreases marginal tax rates for irsceligatly lower
thanY'. In the limit, the overall sign of these intensive labor slyppsponses is captured by the
derivative of the substitution effect captured by the fiestit on the left hand side df (119). That
is, the positive effect on public funds induced by the lahgoy increase of those with slightly
lower income is more likely to outweigh the other effect iétimarginal tax rate, the densfiyY")

or the elasticity is decreasing in income.

15For the case without extensive labor supply responses,astefiorm has already been proposed by Werning (2007).
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4.1.3 Overcoming Inefficiencies

A favorable property of the proposed tests is that to apmytionly the income distribution and
elasticities are required. In the terminology of ChettyQ®)) the income distribution and the
elasticities are sufficient statistics to uncover inefficies. However, for overcoming an inef-
ficiency, one has to know how individuals react to large tdemas and therefore has to make
structural assumptions about their labor supply decisidwevertheless our analysis provides
theory-based guidance for such reforms. Whenever a taxdatéhés characterized by ineffi-
ciently high marginal tax rates as discussed in Sedfiol4vte know that a small decrease
in these marginal tax rates yields a Pareto improvement.rderado know how strong these
decreases have to be to not only yield a Pareto improvemetd bampletely eliminate the inef-
ficiency, one has to make structural assumptions. Simjléitlye structure of marginal tax rates
is inefficient as discussed in Sectlon 411.2, we know thatallseform as depicted in Figuké 2
yields a Pareto improvement. But again, structural assiompare required to determine how to
eliminate the inefficiency.

Of course there will always exist not only one, but a wholeo$&areto improving reforms. Each
of these reforms would yield a different allocation on thed®afrontier. That is, when deciding
how to overcome the inefficiency, one has to abandon the sffieiéncy consideration’ and
make a choice of how to value the utility of different indiuils.

4.2 An Application to Germany

In order to apply the Pareto inefficiency test, the tax-ti@nschedule has to be known. For
Germany (and likely for other countries as well), it is nohmediately apparent what this sched-
ule looks like because it is the result of the interplay okthdifferent systems. We discuss
how to construct this schedule and how we estimate the inatistgbution in the following
Sectiol4.Z11. The results are presented in SeEfionl 4.2kcyRmplications are discussed in
Sectiof4.213.

4.2.1 Income Distribution, Tax-Transfer System and Elastities

As in most countries, the tax-transfer system conditionmarital status as well as on the number
of children. As the taxation of families raises a number afiidnal issues, we focus on singles
without children. In addition, eligibility for welfare befits depends on assets. Therefore, we
only consider individuals with sufficiently low assets sulht eligibility for welfare benefits is
ensured.

The tax-transfer system results from the interplay of thdéerent systems: the income tax
schedule, the welfare benefit system including the phaseegion and social insurance contri-
butions. We refrain from presenting the detailed derivatb the schedule and only state the
main step@ Gross income determines payments to the social insurastensyccording to the
Social Security Code. Gross income and social insurancgilotions then determine the tax
liability according to the Personal Income Tax Code. Trarsthen depend on gross income,
taxes and social insurance contributions. Integratinghtee systems, we arrive at the schedule
of effective marginal tax rates (for the year 2010) as shawhigure[3. Marginal tax rates are
very high for low incomes. As soon as transfers are phasednoartginal tax rates decrease
drasticallyt]

16The detailed derivation is available from the authors upEmuest.
"There is a small downward jump in the tax schedule at@0@hich is whyT” tends to—oo at this income level. As
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Figure 3: Marginal Tax Rates as Function of Monthly Incometf@ year 2010

In contrast to other studies (like Sinn et al. 2006), the égjlphase-out rate is below 100%.
This is because we consider contributions to the pensidersysot purely as a tax, as there is a
Bismarckian pension system in place in Germany, see OECDL{|2@Ithough the rate of return
in the pension system is likely to be very low, it seems reabtmto assume that individuals
will (on average) receive at least half of their (marginahtibutions as (higher) pensions; this
reduces the effective marginal tax rate by about five peacgnpoint

To estimate the income distribution we use data for the y@a0 »f the German Socio-Economic
Panel (SOEP), which is a representative sample of Germasehoids that are interviewed an-
nually, see Wagner et al. (2007). Our sample (of singlesd d@eto 65, out of education, and
with sufficiently low assets) consists of 586 observatidrige minimum and maximum value of
gross monthly income are 0 and 14.065 Euro. The mean incorh@4gl Euro (2.248 Euro if
restricted to positive incomes).

0.00030

0.00025 /\

0.00020 / \
0.00015 / \
0.00010 / \
0.00005 \

0.00000

—

0 20‘00 4[;00 6(;00 8(;00 10000
Figure 4: Density of the income distribution for the year @01

We estimate the density of the income distribution nonpatanally (using the standard SOEP
weights), employing an Epanechnikov kernel and Silversmanle of thumb to determine the
bandwidth, see Fan and Gijbels (2003). Results for the ®a&féitiency test are, however, ba-
sically identical for different values of the bandwidth, we refrain from applying any cross-
validation procedure to determine an optimal bandwidthe @istribution of monthly gross in-

comes is illustrated (up to 10.000 Euro) in Figlie 4.

this inefficiency is of second-order importance, we do nahier comment on it. Also, there is a small spike at 1.423
which is due to the way the tax formula is stated in the tax cddeit arises due to rounding, it can be ignored. Note,
that this small spike is also visible in Figure 5.

18The main result of an inefficient structure of the marginalrates is robust with regard to how contributions to the
pension system are taken into account.
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We do not estimate elasticities ourselves but instead appige range of values of the empirical
literature. For the benchmark case we use 0.25 for the axéeglsisticities (which we denote by
v), and 0.33 for the intensive elasticities, see Chetty gP8all1), but our main result holds for a
large set of values (see below).

4.2.2 Results

As marginal tax rates are very high in the phase-out regioe, might suspect that they are
beyond their Laffer value as defined in Secfion 4.1.1.

Figure[®(a) shows our test function {20) for the benchmasdecaith intensive elasticities
g = 0.33 and extensive elasticities= 0.25. For the interval where marginal tax rates are about
95%, they are indeed above their Laffer value, since theuiestion is larger than zeft]
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Figure 5: Graph of the test function (left hand side[ofl (10)) different intensive elasticities
and extensive elasticity = 0.25; (a)-(c) original tax schedule, (d) smoothed tax schedule.

This could be considered a strong result, but it may needdihmafing qualification: Assuming
an intensive elasticity that does not depend on the valubehtarginal tax rate may not be
appropriate. With a constant elasticity, the percentagease in income due to a 1 percentage
point increase irY” strongly increases ift”. For example, a decrease’iti from 95% to 94%
induces a relative increase in income that is 10 times as &ségfor a decrease from 50% to

19As in most data sets, top incomes are underrepresented BQE® data we use. Taking this into account would
slightly weaken the case for the marginal tax rates beingealiweir Laffer values. However, our main result, that the
structure of marginal tax rates is inefficient, is independg any underrepresentation of high incomes.
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Figure 6: Marginal Tax Rates and smoothed Tax Rates as BunatiMonthly Income for the
year 2010

49%. This would imply a 10 times as large semi-elasticityctshuge differences in the semi-
elasticities might be considered too large. We therefae apply our test for the case that the
semi-elasticity is constant, and for an intermediate cis&eep the semi-elasticity constant, we
let the elasticity decrease linearly ¥ from 0.5 to 0, i.e., we assun®1”) = 0.5 — 0.57" [

In this case, the inefficiency according to Proposifibn 4istaes, see Figuild 5(c), as our test
function is now below zero. For the intermediate case, wéhketsemi-elasticity increase less
heavily inT” than is the case with a constant elasticity. When we assfi¢ = 0.5 — 0.427"
(so that the lower bound faris not 0, but 0.08), our test identifies an inefficiency wheteegive
effects are incorporated, but fails to do so, if they are igdpsee Figurigl 5(b).

Whether the German tax-transfer system passes the tesvpbsttion 4 is therefore very sen-
sitive with respect to the elasticities. However, in alledrcases (Figutg 5(a)-(c)) the test curve
is falling, so the test shows an inefficiency according top@sition[. Since marginal tax rates
drop discontinuously (see Figurk 3), one might argue thaishactually trivial. Whenever there
is a discontinuity in the marginal tax rates, the test funci{20) is going to be characterized
by a discontinuous downward jump if elasticities and theome distribution are smooth. We
therefore test the following: We smooth the decrease in imakgax rates (see Figufté 6 for
a smoothing interval of 100 Euro), and determine how largestimoothing interval has to be
(leaving everything else equal), so that the inefficiensadpears. If this interval is small, the
inefficiency is of second-order importance. However, thisét the case. Figuké 5(d) shows our
test function for a smoothing interval of 100 Euro (50 Eurtoleand above the discontinuity in
T") for the elasticity values as in Figuré 5(c): The inefficigitearly stays present. Indeed the
inefficiency does not disappear for any smoothing intemradlter than 438 Eurgl

The decrease of marginal tax rates after transfers are gloaseas it is observed in many coun-
tries, has already been criticized by Kaplow (2007, p. 3@&ferring to results from numerical
simulations based on utilitarian welfare functions, heuaggthat marginal tax rates in the phase-
out region are too high, and too low afterwards. For Germamglow this to be correct but also
make the argument even stronger since the tax-transfarsyst(second-best) Pareto inefficient
and can therefore not be justified by any welfare function.

20For the intermediate value G = 0.33 we get the intensive elasticity = 0.33 that we assumed before

21Considering in addition income effects would of coursedigifferent numbers. With income effects, a tax reform
as depicted in Figullel 2 would slightly reduce labor supplindividuals earningy”, which would decrease tax revenue
and therefore make such a reform less likely to be feasible.th& tax schedule remains inefficient even for a large
smoothing interval, taking into account income effects ldawt change our main result but only slightly decrease the
extent of the inefficiency, especially because the liteeahas found income effects to be rather small, see Meghir and
Phillips (2010) and the references therein.
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4.2.3 Possible Reforms and Policy Implications

The German tax-transfer system has often been criticizetisfdisincentives to work for indi-
viduals with low incomes. One proposal has been to lower malgax rates in the phase-out
region, financed by a decrease in the welfare benefit (Sinin 20@6). For individuals that can-
not find a job this proposal also included a guaranteed jadr @ffthe public sector; if accepted,
transfers would then be as high as before the reform. Sudb@revould increase employment,
but its welfare consequences are ambiguous because asdastof the welfare recipients are
worse off.

Our analysis clearly suggests that the high marginal taesriat the phase-out region are indeed
hard to justify. If intensive elasticities in this regioreaabove).1, they might even be above
their Laffer value, which would imply that slightly lowegrthem would increase tax revenue.

As already mentioned, this result may have to be qualifiediszhigh incomes are underrepre-
sented in the SOEP data. In contrast, the inefficiency ifledtby the second test is independent
of how accurately the density of high income is estimatee @guation[{119)). Also, the test
indicates an inefficiency for a very wide range of elaststiWe therefore conjecture that there
is room for a Pareto improving reform, where marginal taxsadre decreased in the phase-out
region, and increased for incomes just above this regionatee the absolute level of taxes does
not increase for any income level, no individual is made waf$, but tax revenue increases due
to the induced labor supply responses along the intensivextensive margin. To obtain con-
crete numbers for such a reform so that not only a Pareto wepnent, but also a Pareto optimal
allocation is achieved one has to make structural assung#bout the elasticities in order to
predict labor supply responses to reforms that come witlstantial changes in marginal tax
rates. One should then also take consumption taxes intauatc@/hereas this would have no
effect on the general pattern of such a Pareto improvingmefdg may well influence concrete
numbers.

5 Conclusion

We analyzed the optimal design of tax-transfer systemserptiesence of intensive and exten-
sive labor supply responses. We derived optimality cood#ifor the entire tax schedule, but
our interest was mainly on that part of the schedule wherwithahls receive transfers. More

specifically, we asked whether participation subsidieshagd marginal tax rates in the transfer
phase-out region can be grounded in optimal tax theory.

Concerning participation subsidies, we derived a conditis negative participation taxes to be
never part of an optimal tax schedule: the social marginktyuof the lowest income worker to
be smaller than the marginal value of public funds. We thgesdtended the result from Diamond
(1980), Saez (2002) and Choné and Laroque (2011b) to tlevdasre in addition to extensive
labor supply responses also intensive labor supply regsare considered.

Regarding the issue of high marginal tax rates in the phaseegion, we developed a test for the
Pareto inefficiency of a given tax-transfer system. Thisitesxpressed in reduced form and is an
extension of Werning (2007) to the case of intensive andheite labor supply responses. When
applied to the German tax-transfer system the results stiggenefficient structure of marginal
tax rates: a decrease of marginal tax rates in the phasesgioinrcombined with an increase
of marginal tax rates for slightly higher incomes could glialPareto improvement. Using these
insights as a starting point for analyzing Pareto improténgeforms in a structural labor supply
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model for Germany in the spirit of Blundell and Shephard @04ould be an interesting task
for future research.

Applying this test to other countries would also be worthehiConstructing the schedule of
effective marginal tax rates, however, requires detailedvwkedge of the interplay of the tax
code and all elements of the welfare benefit program (at ttierés and the state level in some
countries), but once the schedule is known, the test caly émsapplied. The extension of such
a test to tax-transfer systems for couples and familiesldradsio be pursueﬁ This would add
additional interesting aspects because the marginal te>ofdhe primary earner often depends
on the earnings of the secondary earner and vice versa.

22See Cremer et al. (2012), Kleven et al. (2009), Immervoll.¢2809) and Bach et al. (2012) for recent contributions
to the optimal tax treatment of couples.
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A Appendix

A.1 Proof of Proposition[d

To prove thatlv. D), (EC), (A C) and the definition of the thresholds imply incentive compat
ibility, we use Figur&l7, where a representative iso-incomee is illustrated. We first argue that
an iso-income curve indeed has a shape as illustrated imgEfguNote that by Lemnid 2 income
and consumption are constant along the increasing paravlitie becausé is constant. By the
definition of thea™ (w)-curve, income is the same on the flat part of this kinked lthas this
curve is indeed an iso-income curve. Becaus@b(), we know that consumption on the flat
part must also be equal to consumption on the increasinggeatthe iso-income curve is also an
iso-consumption-curve. Finally note that by the definitidithe o (w)-curve, income is zero to
the right of it and therefore consumption must be the samalftinose types.

Wo

\4
Q

Qo aq
Figure 7: Incentive compatibility constraints

We now show thallir’ D), (EC), (AZC) and the definition of the thresholds imply incentive
compatibility for all types on such a kinked line:

Incentive constraints for the increasing part: For the increasing part of the iso-income curve,
(EC) and (M) guarantee that no income-consumption bundle to the leftef®™ (w)-curve

is preferred; individuals on the increasing part prefeirthreeome-consumption bundle to any
income-consumption bundle in A or B. By the no-discriminattonstraint we know that for each
income-consumption bundle in D or C there exists an equiNaheome-consumption bundle in
A or B; individuals on the increasing part thus prefer thacdme-consumption bundle to any
income-consumption bundle in C or D. Since along the flat@ftte iso-income curve, utility is
decreasing imv, we know that utility at the kink is larger than at the pointewé the iso-income
curve intersects the™(w)-curve; thus individuals on the increasing part preferrtir@@ome-
consumption bundle to the income-consumption bundle in E.

Incentive constraints for the flat part: By the same argument as above, it follows that individ-
uals on the flat part prefer their income-consumption butaltbat in E. By the minimum hours
constraint, they cannot choose income-consumption baimlk and C. Each consumption bun-
dle in B is not preferred by the type on the kink of the curve @giad above. Since income
in B is higher and disutility of work is increasing im along the flat part, no individuals in the
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flat part prefer any income-consumption bundle in B (anddfwge also none in D) to their own
income-consumption bundle.

Finally, by the definition of thex*(w)-line and the same arguments as above, no individuals in
E prefer any income-consumption bundle to the left ofdtéw)-line.

A.2 The First-Order Conditions of the Government’s Problem

As afirst step, rewrite the government's objective (1) imteofV' (3), (a*(w)), o™ (w), a3 (8),
bandV (w,«) as

ﬂ1 Oég (ﬂ)
/ / 8)) dG(oB) dE (8)
a(B)

a(w) o
+/wo [/am(w) U(V(w,a))dG(alw) +/au(w)\11(b)dc(a|w) dF

wherea () is the lowest value of associated with a certain value of beta, #€3) = “3. Using

the definition of the indirect utility function, replace(3) by V(3) + v (%) andC(w, ) by
V(w, @) + v(aLnm,). The Lagrangian for the problem then reads as:

[ v s

a(B)

(w).

a*(w) w1 pog
—F/w0 /am(w) U(V(w, o)) dG(a|w)dF (w) +/w0 /au(w)\y(b) dG(ajw)dF (w)

" { / 8 [m) . (V(ﬁ) o (@))] G(a (B)B)K (B)

(w)
_ /u b(1 — G(QU(w)|w))dF(w)}

wo

m(Y(8)/Lmin

+ /ﬁ i W)V’(ﬁ) — (B’ (@) %} s,

where\ is the multiplier of the resource constraint;s, «) is the multiplier function of the no
discrimination constraint and(53) is the multiplier function of the envelope condition. Paltgi

integrating the ternj"ﬂ 'w(B)V'(B)dp yields — fﬂl ! )+ u(B)V(B1) — u(B)V(B), so
that the last line of the Lagrangian can be replaced by

ﬁ 62 S

v . 0 OV(E) ) (F) T | 8 BV (6 - W@V (D)
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The first order conditions are:

oL
Vv (B)

oL
IV (w, o)

a<at

oL
AV (w, a®(w))

oL
ob

—~

ag'(B) _
/ L ) =) dEls k) i) (21)

a®(Y(B)/Lmin)
+ / (B, a)da =0
O‘m(y(ﬁ)/l‘min)

(W' (V(w, @) = A) glafw) f(w) = n(Y " ((wLpin), @) =0 (22)
(W' (V(w, @) = ) glafw) f(w) = n(Y " (wLnin), @) (23)
w dat (w) o u ' B
+Ag(a (w)|w)7av (b+ wLpin — (V(w,a) + v (" (w)Lmin))) =0
/ Y(B) 1\ ~ m
a(1-v (FP) 5) Gz @i (24)
o (YO 4 (YB)) Y(5)
o) ﬁg(ﬁ) "
a“(Y(B)/Lmin) , @ l_a_VL .
+/CY"‘(Y(ﬂ)/me) (s, )[ ( 8 )ﬂ 8wme]d =0

= [ wecttre - [ [ deeuare) @9

“(w) “(w)

- /wl aa(;l()w)g(au(’w)lw)(b + Wlpnin — V(w’ a) - U(aLmi"))dF(w)'

wWo

Finally the derivatives with respect to the endpoint caodi are

and

oL
oL
W = M(ﬁ) =0. (27)
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A.3 Solution to the Government’s Problem

First integrating[(2R) ovet™ to o and adding[(23), then integrating this expression augto
wy, finally adding [Z5) as well a§ (21) integrated oeto 5, yields

= w / (V (1, 0))dG alw)dF (w),

i.e. equation[(b). Integratinf(P1) yields

B pai(B) _
/ / (A — W(V(8)) dG(a|8)dK (8)

B1 Y (B")/Lmin)
/ / n(B, a)dadf’. (28)
Y (s"/ )

Lomin

Inserting [22) and{23) intg_(28) then results in

-0 - () el )
o [/iﬁfffjf P (G
g (w)la) oo ) (i) + )| AR (),

Using aV(w @) — (1 —T'(Y(B)))Lmin andv’ (%) % = 1-T'(Y(B)) to simplify (24)
yields:

o (Y |y (YB)) Y(6)
)\<1v’ (@) %) G(a™(8)|B)k(B) — u(B) (7)) m( ) ~0. (29)

Inserting [Z8) into[(29) and using 1 _1 = f y(g , (wherea(1 7y = f,, can be derived by
implicitly differentiating the FOC of the unconstrainedlividuals), we have

'Y (8)) EYA-T" \ F(om
e (e 1) Gam (BIB(B)

B1 O‘[-} (B) ~
/ / » (V(8)) dG(al)dK (8)

(w)
+/% Vam(w) (A= ¥'(V(w,a))) dG(afw) .

da(w)

+Ag(a™(w)|w) (T (wLpmin) +b)| dF (w).

Together with the endpoint conditioris{26) ahd| (27) thisstitites the solution.
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A.4  Proof of Proposition[2

Let U (Y) be the average marginal utility of income of all individuatsrming income’; it is
given by

a™(B) P o (ws)
[ wwpicemm@ 2« [ s, oiciofn) 1)
T/(}/(ﬂ)) = al?) _ a™(wg) min
h(Y(B))
Yinax
Using@’(y), the first and second line dfl(4) can be rewritter%als [()\ B E/(f/))} JH(T).
Y

Let £(Y) be the semi-elasticity of participation, i.e. the increesthe number of unemployed
relative to the number of individuals earning income levelh(Y'), due to an absolute increase
in T(Y) (orb); itis given by
(v(B)) — T (wp) wp)
(Y (B))

Applying integration by substitution, the term

/:;) g(a“(w)|w)mi9{¥wu7%(T(wme) + b)dF(w)

can be rewritten as
w1 Lm,in Y
Lo ol (2)
Y (8) Lmin

Using this, the third line of{4) can be rewritten as

at (= Y
L};n> - aT((L;)M) h(ly) ! (L:nn) (T(Y) +b)dH(Y).

£(Y)

/Y e AT Tpare (V) dH (V).

Using the definition oty g and the first order conditiofl — 7”) = v/, we have

YA\ 1 Y(B)\ Y(B)
v P ) o
Y,8 = — = =Ey,1-1" :
,ﬂ%v// (%) ! (%) Y ()
We can therefore rewrite the first term Bf (3) as
(Y EY1-T' ~
D) \GZELT G (8) 8)K(9). (30)

Ty ey 2L

Since the average elasticityY") for incomeY” and the elasticityy ;- are linked by

5(Y) _ G(a™(B)IB)k(8)
Ey,1-T/ hY) %5

we can rewrite[(30) a{%—% AYE(Y)A(Y).
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A.5 Proof of Conditions for Nonnegative Marginal Tax Rates

In our minimum hours model we ha¥g€Y) = 0 VY > Y for someY €]Y,in, Yinaz|. In the
following we show that — ifa% [A;}I’Y()Y)] >0 andT/(Y) is decreasing in income — there can

be no interval Y7, Y2 [ with negative marginal tax rates for

e CaselY, <Y, <Y,
e Case2Y, <Y <Y,
e Case3Y <Y, < Ya.

In a model where the extensive margin is always present,@ade 1 applies.

In all three cases we would haviY;) = 0 and.A(Y2) = 0 becaus€”(Y7) = 0 andT’(Y>3) =
0 We would also havet’(Y;) < 0 and.A'(Y3) > 0, because fof” to be negative ifY7, Y|,
A(Y') has to be negative within this interval.

Case 1:In this case we have
AY) =0 (V) = At A(Y ) Tpare(Y)]R(Y) (31)
forY =Y; andY = Y5. Solving A'(Y1) < 0 for Tpe (Y1) and A’ (Y2) > 0 for Tpe,.(Y2), and
usingTar+(Y1) > Tpart(Y2) Since marginal tax rates are negative, we have
A=V (vp) LA ' (Y2)
MY T X(Ya)

which cannot hold i£2- [A_E(E;()Y)] < 0.

Case 2:Using [31), in this case we have

T (Y1) = A+ A(YV1) Toare (V1)

IN

0
T(Va)—A > 0,

which impliesA¢ (Y1) Tpare (Y1) < T’(Yg) - T’(Yl). Because the right hand side is negative,
this requiresl,,, (Y1) < 0.
We now have to distinguish two cases:

If ﬁ'(Yl) < A, we would then hav&,,,.(Y1 + ¢) < 0, W'(Yl +e) < AandT’'(Y1 +¢€) < 0,
which cannot hold as we show in the proof of Proposifibn 3.

If ¥ (Y1) > A, we must haval' (Y') = \ for someY < Y; if not, 2 [A—E(E;()Y)} > 0 would be

violated (close td”). Again we have to distinguish two cases:

fY <Y orY =Y < Y, we would havél o, (Y +¢) < 0, T (Y 4¢) < AandT’(Y +¢) < 0,
which again cannot hold as we show in the proof of ProposBion

If Y =Y = Y5, we would have (Y) = 0and¥ (V) = \. Butthen, sinc&’ (Y) < AVY > Y,
we would haveA(Y3) > 0, see[(8).

BIf Y] = Yinin, We may havel”’ (Yo,in) # 0, but neverthelessA (i) = 0, see[[ID). The same applies for
Yimaz, seel(ID) again.
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Case 3:In this case we have .,
A(Y) = (¥ (V) = Mh(Y)

forY = Yy andY = Y5, A (Y1) < 0andA'(Y2) > 0 would impIyE’(YQ) > E/(Yl), a
contradiction to decreasing social marginal utility ofanae.

A.6 Formal Definition of the Income Distribution Function H(Y)

The distribution function o¥”, H(Y) is given by

Y (8)

'6~ Limin
H(Y(5)) = /ﬂ Gla (88K (8) + / (Gl (w)lw) — G(a™ (w)]w)] dF (w).

wWo

The corresponding density is

Y (3)) = Gl (B)|IR(B) e + (G (0" () — G (™ (wp)uws)) T2,
wherewg = Zjﬁj
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