A Service of

ECOMNZTOR pr

Make Your Publications Visible.

Leibniz-Informationszentrum
Wirtschaft

Leibniz Information Centre
for Economics

Richter, Wolfram F.

Working Paper

Taxing Education in Ramsey's Tradition

Ruhr Economic Papers, No. 140

Provided in Cooperation with:

RWI - Leibniz-Institut fur Wirtschaftsforschung, Essen

Suggested Citation: Richter, Wolfram F. (2009) : Taxing Education in Ramsey's Tradition, Ruhr
Economic Papers, No. 140, ISBN 978-3-86788-158-6, Rheinisch-Westfalisches Institut fiir

Wirtschaftsforschung (RWI), Essen

This Version is available at:
https://hdl.handle.net/10419/29943

Standard-Nutzungsbedingungen:

Die Dokumente auf EconStor durfen zu eigenen wissenschaftlichen
Zwecken und zum Privatgebrauch gespeichert und kopiert werden.

Sie dirfen die Dokumente nicht fiir 6ffentliche oder kommerzielle
Zwecke vervielféltigen, 6ffentlich ausstellen, 6ffentlich zugénglich
machen, vertreiben oder anderweitig nutzen.

Sofern die Verfasser die Dokumente unter Open-Content-Lizenzen
(insbesondere CC-Lizenzen) zur Verfiigung gestellt haben sollten,
gelten abweichend von diesen Nutzungsbedingungen die in der dort
genannten Lizenz gewahrten Nutzungsrechte.

WWW.ECONSTOR.EU

Terms of use:

Documents in EconStor may be saved and copied for your personal
and scholarly purposes.

You are not to copy documents for public or commercial purposes, to
exhibit the documents publicly, to make them publicly available on the
internet, or to distribute or otherwise use the documents in public.

If the documents have been made available under an Open Content
Licence (especially Creative Commons Licences), you may exercise
further usage rights as specified in the indicated licence.

Mitglied der

Leibniz-Gemeinschaft ;


https://www.econstor.eu/
https://www.zbw.eu/
http://www.zbw.eu/
https://hdl.handle.net/10419/29943
https://www.econstor.eu/
https://www.leibniz-gemeinschaft.de/

RUHR

ECONOMIC PAPERS

Wolfram F. Richter

Taxing Education
in Ramsey’s Tradition

__________________________________________________________________________

technische universitat
dortmund #140




Ruhr Economic Papers

Published by

Ruhr-Universitat Bochum (RUB), Department of Economics
Universitatsstr. 150, 44801 Bochum, Germany

Technische Universitat Dortmund, Department of Economic and Social Sciences
Vogelpothsweg 87, 44227 Dortmund, Germany

Universitat Duisburg-Essen, Department of Economics
Universitatsstr. 12, 45117 Essen, Germany

Rheinisch-Westfélisches Institut fiir Wirtschaftsforschung (RWI)
Hohenzollernstr. 1-3, 45128 Essen, Germany

Editors

Prof. Dr. Thomas K. Bauer
RUB, Department of Economics, Empirical Economics
Phone: +49 (0) 234/3 22 83 41, e-mail: thomas.bauer@rub.de

Prof. Dr. Wolfgang Leininger

Technische Universitat Dortmund, Department of Economic and Social Sciences
Economics - Microeconomics

Phone: +49 (0) 231/7 55-3297, email: W.Leininger@wiso.uni-dortmund.de

Prof. Dr. Volker Clausen

University of Duisburg-Essen, Department of Economics
International Economics

Phone: +49 (0) 201/1 83-3655, e-mail: vclausen@vwl.uni-due.de

Prof. Dr. Christoph M. Schmidt
RWI, Phone: +49 (0) 201/81 49-227, e-mail: christoph.schmidt@rwi-essen.de

Editorial Office

Joachim Schmidt
RWI, Phone: +49 (0) 201/81 49-292, e-mail: joachim.schmidt@rwi-essen.de

Ruhr Economic Papers #140

Responsible Editor: Wolfgang Leininger
All rights reserved. Bochum, Dortmund, Duisburg, Essen, Germany, 2009
ISSN 1864-4872 (online) - ISBN 978-3-86788-158-6

The working papers published in the Series constitute work in progress circulated to
stimulate discussion and critical comments. Views expressed represent exclusively the
authors’ own opinions and do not necessarily reflect those of the editors.



Ruhr Economic Papers #140

Wolfram F. Richter

Taxing Education
in Ramsey’s Tradition

technische universitat
dortmund



Bibliografische Informationen
der Deutschen Nationalbibliothek

Die Deutsche Bibliothek verzeichnet diese Publikation in der deutschen
Nationalbibliografie; detaillierte bibliografische Daten sind im Internet iiber:
http//dnb.ddb.de abrufbar.

ISSN 1864-4872 (online)
ISBN 978-3-86788-158-6



Wolfram F. Richter?
Taxing Education in Ramsey’s Tradition

Abstract

Assuming a two-period model with endogenous choices of labour, education, and
saving, it is shown to be second-best efficient to deviate from Ramsey’s Rule and to
distort qualified labour less than nonqualified labour. Furthermore, if the earnings
function displays constant elasticity, the choice of education should not be distorted.
With the necessary qualifications the results extend to the case when taxpayers are
heterogeneous and when the planner trades off efficiency against equity.
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1. Introduction

Human-capital accumulation is expected to be the driving engine of economic growth
and development in the 21* century. The setting of correct incentives for education
must therefore rank high on the political agenda. Unfortunately, the economic
understanding of optimal education policy is still rather limited. A major reason is that
education is a highly complex process, which is affected both by taxation and by
potential market failures. This paper focuses on taxation and on the effects it has on
the most basic trade-offs in education. As a consequence, the model studied is simple.
Taxpayers have to make a static decision on education, saving, and qualified and
nonqualified labour. Such a selection of endogenous choices can be justified as
follows. Education raises the productivity of labour, which makes it necessary to
differentiate between qualified and nonqualified labour. Education takes time and
hence causes a cost in the forgone income earned by nonqualified labour. One would
however not talk of education if forgone earnings were the sole cost of education. The
use of the term education indicates that there are educators instructing the learners and
these educators must be paid. This suggests differentiating between the opportunity
cost of learning and the monetary cost of education.' Finally, education has features of
an investment activity. Its costs are only justified if the return can keep abreast of

alternative investments. Hence saving must be modelled along with education.

The model fulfilling such requirements is a straightforward extension of the standard
two-period life-cycle model, and the analysis of optimal taxation follows Ramsey’s
tradition. The paper starts by focussing on a representative taxpayer in Sections 2 and
3. Extensions to heterogeneous taxpayers are derived in Section 4. As a first major
result it is shown to be second-best efficient to deviate from Ramsey’s Rule and to
distort qualified labour less than nonqualified labour (Proposition 1). No similar result
is known from the Mirrlees approach to the optimal taxation of education. The result
holds for arbitrary utility and learning functions. The efficient reduction of

nonqualified labour equals that of education and consumption in relative terms. With



the General Theory of Second Best (Lipsey and Lancaster, 1956/57) in mind, one
might think it efficient to spread tax distortions uniformly across all feasible margins.
There are, however, particular scenarios where such an inference is unwarranted. As
others have shown before, there are well-selected utility functions for which it is
second best not to distort saving and it is equally second best not to distort education if
the learning function is isoelastic. For the sake of brevity the latter is called the
Education Efficiency Proposition. First versions have been proved by Bovenberg and
Jacobs (2005), and Propositions 2 and 3 are variations designed to clarify the
assumptions needed to prove the Proposition. It is shown that the assumptions made by
Jacobs and Bovenberg (2008) in their latest version for heterogeneous taxpayers can
be relaxed in the Ramsey framework (Proposition 3). The most critical assumption
needed to prove the Proposition is that the elasticity of learning must be constant
across individuals and varying choices of education. This assumption will be defended
by referring to the cognitive psychology literature, which provides impressive
empirical evidence in favour of such constancy if only the learning program is kept
fixed. This phenomenon is known as the Power Law of Learning. The suggested
policy implication is to ensure undistorted educational choices within particular
learning programs (intensive margin). Whether and when it is optimal to distort the
choice between competing learning programs (extensive margin) is a question leading

beyond the scope of the present study.

As mentioned, the paper focuses only on the effects taxation has on the basic trade-
offs in education. Such an objective necessitates ignoring various extensions and
complications, which have been the subject of scrutiny in the literature. Thus
credibility problems of government policy will be ruled out. The possible time
inconsistency of education policy is studied by Boadway, Marceau, and Marchand
(1996) and Andersson and Konrad (2003). The return to education will be considered
to be certain. Uncertainty is addressed by da Costa and Maestri (2007) and Anderberg
(2008). Informational asymmetry and availability of nonlinear tax instruments will be

ruled out. The so-called Mirrlees approach to optimal taxation is followed by

' The importance of such a differentiation has been stressed before by Trostel (1993, 1996). Nielsen and
Sorensen fail to make it, and this strongly biases their results. See Section 3 below. Differentiation is however
not crucial in the Mirrlees approach to the optimal taxation of education. See Jacobs and Bovenberg (2008).
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Bovenberg and Jacobs (2005), Wigger (2004), and Jacobs and Bovenberg (2008).
Finally, in contrast with Trostel (1993, 1996), Jones, Manuelli, and Rossi (1997),
Atkeson, Chari, and Kehoe (1999), and Richter and Braun (2009), this paper analyses

taxation in a purely static framework.

The paper is structured as follows. Section 2 sets up the model of a representative
taxpayer. Section 3 analyses the structure of second-best efficient policy for the
representative taxpayer. Section 4 provides extensions to heterogeneous taxpayers.
Section 5 discusses connections to the literature. Section 6 summarizes. Major proofs

are relegated to a technical Appendix.

2. A representative-household model

Consider a representative household living for two periods. Lifetime utility is given by
U(C,C,,L,L,), where C, is consumption and L, is non-leisure time in period i=1,2.
Non-leisure time L, is identical with second-period labour supply. By contrast, only a
time L, —E is spent in the market, while a time E is spent on education. First-period
labour supply earns a constant wage rate @, ; the productivity of second-period labour
depends on the amount of education. It is paid @,H(E), where , is constant while
the learning function H(E) displays positive but diminishing returns, H">0>H". It is
suggestive to interpret L, and HL,as qualified labour and effective qualified labour,

respectively. Likewise, we will use the terms nonqualified labour and nonqualified

non-leisure for the quantities L, —F and L,, respectively. Education has an
opportunity cost in forgone earnings captured by @, E. This cost of learning adds to

the (monetary) cost of education, for which college fees may stand. For the sake of
simplicity the monetary cost is likewise modelled as a linear function of the amount of

education, @F . The share of first-period income that is spent neither on education nor

on consumption is saved:

S=a(L-E)-pE-C =0l - (0 +p)E-C,. O



By way of normalization, the price of consumption is set equal to one. The gross rate
of return to saving is denoted by p. Second-period consumption is constrained by

income earned:
C,=pS+w,H(E)L, . 2)

All prices are after taxes and subsidies, and the question is which combination of taxes
and subsidies is constrained efficient. The representative household is assumed to

maximize utility in C,,C,,L,,L,,E subject to the lifetime budget constraint
pC +C, =payL +w,H(E)L, -7E, 3)

stated in second-period units. Interpret 7 = p(w, + @) as the effective (unit) cost of
education.

The analysis relies on the dual approach to optimal taxation. This means that the focus
is shifted from the household’s (indirect) utility function to its (net) expenditure
function. The task of minimizing (net) expenditures subject to an exogenous utility
constraint is best solved in a two-step approach. At the first step, income derived from

education is maximized while keeping L, fixed. Let this income be denoted by
Y(w,,7,L,) Emgx[wzH(E)Lz—zzE], and the optimal amount of education by
E(w,,7,L,). The optimal amount is implicitly defined by the first-order condition
w,H'L, = . If the second-period labour supply L, were exogenous, ¥ would stand
for pure rent income. However, the focus is here on an endogenous choice of L,.

Hence Y has to be interpreted as quasi-rent income, the source of which is learning and
its diminishing return. Note that Y is a monotone increasing, convex function of L, :
dy oy _ d’y dE H"

= =" =wH(E) >0, =oH " =-0,——
d, oL, (&) ar; " dL, *H"L,

> 0.

Let the second-period wage rate before taxes be denoted by w,, and the effective

social cost of education (i.e., the effective cost before taxes and subsidies) by

p=r(w + f). Here r is the gross rate of return to saving before taxes and subsidies,

and fis the (unit) cost of education before taxes and subsidies. The choice of education



is efficient or not distorted if the tax wedge O between the marginal social return and

the effective social cost,

WzH'(E)LZ _(W1+f) — E[W2H’L2 _£] = E[&_E] s
r

b4 V4 reo

o =

vanishes. The tax wedge vanishes if, and only if, the rates of return before and after

taxes and subsidies are equal:

W _ @

: “
p

The taxpayer’s expenditure function is defined as
e(a)lawzapa¢;u) = mln[pcl + CZ _pa)lLl - Y(wzsp(@ + ¢)7L2)]

in C,C,,L,L, suchthat U(C,,C,,L,L,)=u. Assume that the expenditure function
is twice differentiable. This requires the minimization to be well behaved, which is
only guaranteed if the concavity of U as a function of L, is so strong that it
compensates for the convexity of Y in L,. (See the example discussed at the end of

Section 4.) Hence, the assumption of twice differentiability is less innocuous than it

would be if education were exogenous.

By relying on a straightforward generalization of the textbook version of Hotelling’s
. e de de

lemma one derives the identities e, =—=-p(L, —E), e, =——=-HL,, ¢, = pE,
0w, 0w,

and e, = C-oL+(@+@)E = —S, where subscripts of e indicate partial
derivatives. The capital letters L,, S, and C, have to be interpreted as Hicksian supply
and demand functions. This means that they have to be evaluated at @, w,, p,¢, and u.
As aresult, the choice of education reads E = E(w,, p(@, + ¢), L, (@, »,, p,¢;u)) when
the functional relationships are fully spelled out.

The government faces the need to raise revenue. Four linear tax instruments are
available, each of which is distorting. The taxes are levied on period i’s labour income,

on capital income, and on the monetary cost of education. For the most part of the

analysis we choose to model the tax instruments implicitly as the difference between



prices before and after tax. This means that the tax on period i’s labour income is

modelled by w, —@,, the tax on capital income by »—p, and the tax on the cost of
education by ¢— f. It goes without saying that each tax can well take on a negative

value so that it is effectively a subsidy. To find out which combination of taxes and
subsidies is constrained efficient is the purpose of the analysis. Government’s net

revenue amounts to
T=(w—-a)L —E)+(9— E+[(w, —0)H(E)L, +(r—p)S]/r.

By invoking Hotelling’s lemma it can be written as

T @t (o= fe, @ (g lr )

3. Second-best efficient policy

The planner’s problem is to maximize net revenue (5) in x=¢,®,,®,,p subject to
the individual budget constraint e=0. In the Appendix it is shown that taking partial
derivatives with respect to x=¢,®,w,,p, invoking Hotelling’s lemma, and

eliminating the Lagrange multiplier yields the following system of three first-order

conditions:

AE _ AL -AE _ AHL) _ AC,-@A(L —E)+@AE
E L-E HL, C -w(L —E)+¢E

) (6)

where the total differentiation operator A is defined on arbitrary functions

X:X(a)law2apa¢;u) by

P

1 1 1 -
AX =—(o-w)X, + —(p- X, + —(@,—w))X, + £ "X, ™
P Y r r

According to (7), AX equals the weighted sum of the partial derivatives of X with the
weights given by the tax wedges. It is an approximation of the total change in X when
taxes are chosen efficiently. If it were efficient not to tax the opportunity cost and the

monetary cost of education (@, =w,¢=f), then the last term in (6) could be

interpreted as a relative change in saving. This is because



S=-[C —~a(L,~E)+@E]= —e, and
AS =—de, = -[AC, -0 AL, - E)+pAE ] + /1)[(0)1 —-wL, —E)—(p- f)E].

By relying on some simple algebraic manipulations and by making use of

AHL) _ AL, AH _ AL AE ®)
HL, L, H L, E’

where the elasticity 7 = EH '/ H may well be non-constant in £, (6) can be restated as
AL AE
— =" =" and =—2=(1-pn)—/7. 6
E L G L, (1=1m) E )
As differentiation is additive, (6”) could equivalently be written in the form where the
ratio AL /L, is replaced with the ratio A(L, — E)/(L, — E). In the Appendix (6”) is shown
to imply

a6, _ 4k
c, E’

Remark 1:

Hence the quantities C,, C,, L, E, L,—E, and HL, should be reduced in the same
proportion from their pre-tax values, whereas L, should be reduced to a lesser degree,
when all these demand and supply functions are interpreted in the Hicksian sense. The
equiproportionate reduction is something one would clearly expect in view of
Ramsey’s (1927) characterization of efficient taxation. The striking result concerns
L, . Obviously, efficiency requires reducing qualified labour relatively less than non-
qualified labour. The ratio equals 1—7, and it decreases in 7. In other words, the

more elastic the individual learning function is, the less should qualified labour be
reduced in relative terms. Although this makes good sense, one must note that it fails
to agree with Ramsey’s Rule of reducing all household choices equiproportionately.

Only the effective labour HL, is reduced equiproportionately. As H=H(E) reacts

elastically, L, is reduced less.

10



Proposition 1: Second-best efficient policy requires reducing
(i) education, consumption, nonqualified non-leisure and labour, and
effective qualified labour equiproportionately while reducing
(i1) qualified labour to a lesser degree in accordance with

AL, AL
= 9
L (1-n) L ©)

Proposition 1 raises the question as to which choices of ¢,@,®,, and p (and the

associated tax rates) are second best. Clearly, one cannot expect any interesting
relationship to hold in full generality. Instead, one has to assume special functions U or
H. By varying these assumptions different characterizations of second-best tax rates
are obtained. Some of these are more novel than others as compared with standard
Ramsey tax results. An example of little novelty concerns saving. As shown by
Atkinson and Stiglitz (1972) and Sandmo (1974), saving should not be taxed if utility
is weakly separable in consumption and labour and homothetic in consumption. This

result extends to the present framework if U is specified as U(G(C,,C,),L,,L,) with

some homogeneous function G. See the earlier draft of this paper (Richter, 2008). In
what follows the focus is on characterizations of second-best tax rates that contrast
with standard Ramsey results. Two such characterizations are derived. The first one is

on education, and the second one is on labour.

On applying the differentiation operator A to the first-order condition associated with

education, H'L, = 7/ @, , one obtains

EH"&+£— Az wy)
H' E L, 7/ w,

~ Y@a-wy+ - -L@-w) T+ L (i + )]
Vi3 r w, r

_ 1 w, p

_Ipw_py (10)
re, 7w

By relying on (6") and substituting for AL, /L, (10) implies

11



HAE:[1+E _EH]AE:l&_E

= = . 11
"E H' H E ra)zﬂ'] (an

77Y

T

Obviously, the right-hand side must vanish if 77'=0.

Proposition 2: If, and only if the individual learning function is isoelastic, it is efficient

not to distort the choice of education.

Proposition 2 is only the first version of the Education Efficiency Proposition derived
in this paper. An intuitive explanation is the following. Second-best efficient policy
needs to be sustained by private maximization behaviour. This is however ensured
only if condition (10) holds. If the right-hand side of (10) does not vanish, a
discrepancy results between maximizing private and social ability rents, @,HL, —7E

and w,HL,— pE. This is so because the last term on the right-hand side of the

following identity does not vanish:

wyHL, — pE = %[@HL2 _7E] + Jz'[%—%]E.
2 2

Hence maximizing efficiency does not require maximizing the social ability rent. In
this case, the planner trades off the objective of maximizing the social ability rent
against the objective of minimizing the efficiency loss resulting from distorted choices
of the utility-generating quantities C,, C,, L, and L,. These two objectives are only
separable if (4) holds, i.e. if the right-hand side of (10) vanishes. Compatibility of (10)
with (6") however requires that (4) holds if, only if the elasticity of the individual

learning function is constant.

If some positive tax revenue is to be generated, second-best efficient policy calls for
reducing education, AE<0. Condition (11) then implies 7'>0 if, and only if
w,/@, < pl/m < w,/ p<w,/r.Hence, education should be effectively subsidized if,

and only if 77 is strictly increasing at the second-best efficient level of £.

12



Remark 2: If, and only if the elasticity of the individual learning function is strictly
increasing at the second-best level of education, should education be

effectively subsidized.

Combining Propositions 1 and 2 implies that efficient policy well tolerates a reduction
in education. This reduction cannot be interpreted, however, as a (conditional)
distortion of education. This observation allows one to qualify Trostel (1993), who
stresses the negative effect of proportional income and consumption taxation on
education. To make the point clear, consider some proportional tax on labour income

and allow monetary costs of education to be tax-deductible. In this case w, is reduced
in the same proportion as p. As a result, all individual choices of C,, C,, L,, and L,
will be distorted. Still, the partial efficiency condition (4) holds by construction.

To illustrate the effect of endogenous education on efficient labour taxation, consider

the scenario given by

H=E", U=G(C.C)-W(L)-V(Ly). v,=LV /V, (i=12). (12)

i

and linear homogeneous G. As mentioned before, the taxpayer’s optimization is only

well behaved if the concavity of U as a function of L, is strong enough to compensate
for the convexity of the ability rent ¥ in L,. In terms of (12) this means that
v,>n/(1-n) has to hold by assumption. Define taxes 7, in exclusive form by setting
w, =(1+7,)w, and w,=(1+7,)®, . In the Appendix it is shown that wage taxes are
second best if they satisfy the condition

o _(U=-mv,-n (13)

T, Vv,
As v,>n/(1-n) is to hold by assumption, the numerator on the right-hand side of (13)
is positive. For 77 =0, (13) is the familiar /nverse Elasticity Rule. According to this
rule, wage taxes 7, should be set inversely proportional to the wage elasticities of

labour supplies, 1/v,. This rule is extended by (13) to cope with endogenous

13



education. The effect of education is to reduce 7, relative to 7;. Just note that

(I=myv, —n<v,.

4. Extensions

Propositions 1 and 2 are clear-cut results, and it is natural to ask whether they continue
to hold in more general settings. Two extensions are of particular interest. One allows
for endogeneity of factor prices, and the other allows for heterogeneity of taxpayers.

As the former extension implies no surprising result, it will only be sketched.

The claim is that Propositions 1 and 2 go through when prices are endogenous. In fact,
it has been shown in the earlier draft of this paper (Richter, 2008) that Propositions 1
and 2 continue to hold if the second-period factor prices r and w, are endogenous.
Two assumptions must however hold. The first one states that the government must be
able to issue debt B, so that only the excess of savings over public debt, K=S—B, is a
factor of production. The second assumption requires constant returns to scale of
production in effective qualified labour HL, and capital K. Such constant returns make
the Diamond—Mirrlees (1971) Production Efficiency Theorem applicable, and it is

second best not to distort production but only consumption.

A more interesting extension concerns heterogeneity of taxpayers. As will be shown
next, the Education Efficiency Proposition holds even if the planner trades off
efficiency against equity and even if the set of policy instruments is incomplete.
However, it must be assumed that the right policy instruments are available and that
the elasticity of learning is constant, both in the level of education and across

individuals. To be more precise, let n =1,.., N be the parameter identifying a particular
taxpayer. Taxpayers are assumed to differ in preferences and the productivity of
learning, but not in the elasticity of learning. Hence u, =U"(C,,C,,L,,L,) and
H"(E)=h,E". Let E,, L,,, etc. be the choices made by n, and let 7" denote the taxes

paid by » on labour income, savings, and the cost of education as specified by (5). In

order to model redistribution, assume that » receives some exogenous income g,

financed on the margin by taxing qualified labour income and the cost of education.

14



Hence ¢ and w, belong to the set of available policy instruments. The planner then

maximizes net aggregate tax revenue subject to the constraints that individual budgets

are balanced and that welfare # remains constant:

DII"-g,/r] in @,@,u, subjectto (14)
gn =e(a)1’w2’p’¢;un) > (ﬂ’n) (15)
and W(u,,..,u,) = constant. (16)

A, denotes a Lagrange variable. In the Appendix the following result is derived.

Proposition 3: Assuming heterogeneous taxpayers but constancy of the learning
elasticity 7 in n,E, and assuming availability of ¢,®,, it is optimal not to

distort education.

Proposition 3 generalizes a version of the Education Efficiency Proposition for
heterogeneous taxpayers that has been derived before by Jacobs and Bovenberg
(2008). The generalization lies in showing that two assumptions on which the analysis
of Jacobs and Bovenberg is based can be dropped. One is the availability of a poll tax,

and the other is the assumption of identical utility functions.

The assumption that both ¢ and @, are available policy instruments is noteworthy in
that it implies that ¢ cannot simply be substituted by @, without affecting efficiency.
This means that it is not irrelevant in the Ramsey framework which kind of
educational cost is taxed or subsidized. Subsidizing the monetary cost of education is
not equivalent to subsidizing the opportunity cost of forgone earnings, as shown in
more detail in the earlier draft of the present paper (Richter, 2008). A subsidy to the
monetary cost of education targets the choice of education without directly affecting
utility. This is different with @,. A subsidy to the cost of forgone earnings affects both
the choice of education and the choice of non-qualified leisure. The lack of

instrumental equivalence of @ and @, has to be borne in mind when interpreting

15



results that have been derived in models not allowing one to differentiate between the
two costs of education. A case in point is Nielsen and Sérensen (1997), who analyse
the merits of dual income taxation. Their main and much-cited result states that labour

income should optimally be taxed progressively (@,/w,<a /w,) if the qualified

labour supply is not too elastic and cross substitution of complementarity effects is not
too strong. The present analysis suggests that this result should be interpreted with
great caution because it relies on an analysis not modelling the monetary cost of

education. It is as if @ would not be an available instrument, and the proven efficiency

of progressive labour taxation can be attributed at most third-best status.

The constancy of the learning elasticity 77 in n, E is critical for Proposition 3 to hold,
and it needs to be commented on. Jacobs and Bovenberg (2008) find such constancy
restrictive and presumably too restrictive to serve as the basis of policy
recommendations. However, constancy can well be defended by referring to the Power
Law of Learning known from cognitive psychology. The content of this law is the
following. According to common experience, most tasks get faster with practice, and
this holds across task size and task type. If the relationship between practice and the
completion time of a task is plotted, a power law is generally seen to provide the best
fit. The elasticity of completion is not only a constant function of practice; it also
seems to be fairly constant across individuals. In any case, individual learning
functions seem to differ less in their elasticity than in their level (Anderson, 2005
(1980), Chap. 6; Crossman, 1959). If practice is denoted by E and the inverse
completion time of subject » by H", this evidence suggests specifying H"(E) as

h,E". The only drawback is that elasticities can differ strongly between different

learning programs. This suggests relying on the Power Law of Learning if the focus is
on a particular learning program and rejecting it else. The policy implication would be
to ensure that educational choices are at least not distorted within particular learning
programs (intensive margin). Whether and when it is optimal to distort the choice
between competing learning programs (extensive margin) cannot be answered by the

present study.
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According to Ritter et al. (2001) “the power law of practice is ubiquitous”. Still, little
reference to it can be found in the economics literature. A well-known exception is
Arrow (1962). However, in Arrow’s model the learning function takes the role of a
labour demand curve. Knowledge is completely embodied in capital, and at each
moment of time capital goods of different vintages are in use. As Arrow stresses
himself in his closing comments, the implicit assumption is that learning takes place
only as a by-product of ordinary production. By way of contrast, learning is central in
the present model. It is an individual investment in one’s own productivity and the

result of endogenous choice.

If many taxpayers are involved, Ramsey’s result of equiproportionate reductions in
demands and supplies is known to only hold with some qualification. The reductions
have to be differentiated in accordance with equity concerns. This has been shown by
Diamond and Mirrlees, and a textbook version can be found in Myles (1995). Second-
best efficient reductions in aggregate compensated demands are the smaller the more
the goods are consumed by taxpayers whose marginal utility of income is highly
valued in social terms. This result carries over to the present context but only for first-
period consumption, nonqualified non-leisure and labour, education, and effective

qualified labour. For a proof see the Appendix.

Proposition 4: Maximizing (14) in ¢,@,, @,, p,u, subject to (15) and (16) implies

n __l_ ﬂan

for X=C,L,L ~E,E, HL,.

The left-hand side of (17) has to be interpreted as a proportional reduction in aggregate
compensated demand or supply of X. The right-hand side determines the size of the
reduction. The reduction would be the same for all X if the social marginal utility of

income A, were constant across taxpayers. If, however, such constancy fails to hold
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for reasons of equity, the demands and supplies of taxpayers with high values of 4,

are more highly weighted than the demands of other taxpayers, and the reduction of X

is adapted accordingly.

Statement (ii)) of Proposition 1 extends to heterogeneous taxpayers, with two
qualifications. The first one is that the change in aggregate qualified labour is

compared with the change in aggregate education. Assuming the latter change to be
negative (ZE” <0), (18) holds as stated with “>”. The interpretation is that aggregate
qualified labour is reduced less than the extended Ramsey rule (17) suggests. The
second qualification is that productivity H" enters as a weighting scheme. More
precisely, assuming ZEn <0, it is shown in the Appendix that the weighted

proportional reduction of aggregate qualified labour is less than (17) suggests:
ZH"ALZn

ZH”LN

n Z/iHLG

szLzm (18)

5. The Mirrlees approach to optimal taxation of education

There have been attempts by Bovenberg and Jacobs (2005) and by Wigger (2004) to
characterize optimal incentives for education when adopting the modelling tradition of
Mirrlees (1971) and Atkinson and Stiglitz (1976). The specific feature of this approach
is the assumption of asymmetric information. In terms of the present notation it is as if

the qualified wage rate w,(n) and the qualified labour supply L,, are private and not

public information. The planner can only verify the product of the two. In a model
with education the question arises whether and to what extent the amount of education
should be verifiable. Bovenberg and Jacobs study the scenario when E, is verifiable as
well as the scenario when E, is imperfectly verifiable. The following discussion
assumes that all individual choices C,,,C,,,L,,,E, , except that of the qualified labour

supply, are verifiable. Full verifiability of E, convinces to the extent that education

can be measured by the years spent in institutions of education. Jacobs and Bovenberg

(2008) demonstrate that it is optimal not to distort education if three assumptions hold:
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(1) The planner must be able to levy a nonlinear tax ‘C on qualified labour income and
also to subsidize costs of education by some nonlinear scheme Q9. (ii) Utility
functions must be weakly separable in qualified labour and all other individual choice

variables. In the present notation this means U =U(V'(C,,C,,L,),L,) . (iii) Qualified
labour income before tax, Z,, must be weakly separable in » and L,, on the one hand,
and in education E, on the other hand, so that Z, can be written as Z, (w,(n,L,),E).

Given this set of assumptions, it is optimal to equalize marginal rates of taxation and
subsidization: T '= Q%'. As a result, not only education is undistorted, but also saving
and nonqualified labour supply. The most direct way of implementing such an optimal
tax-transfer system would be the following: (i) Only qualified labour income is taxed.
(i) Taxpayers are allowed to carry forward costs of education and learning and to

deduct them against qualified labour income Z,. Notice that not only monetary costs

of education should be tax-deductible, but also costs of forgone earnings. See also

Trostel (1996, 1993), who argues in favour of deductions even exceeding 100%.

da Costa and Maestri (2007) and Anderberg (2008) extend the analysis of optimal
education policy by incorporating uncertainty. Anderberg sets up a model in which

qualified labour income can be written in multiplicative form, Z,=w,(n,E,)L,, and in

which 7 takes the role of a productivity shock hitting the representative taxpayer. He

demonstrates that education should not be distorted if the elasticity of Z, with respect

to E is constant in n. The simplest specification ensuring such constancy is

multiplicative: Z,=w,(n)H(E)L, .

It may be of interest to note that the Education Efficiency Proposition can be derived
in both frameworks of Ramsey and Mirrlees but that the required assumptions differ
strongly. In particular, constant elasticity of earnings with respect to education is only
needed in the Ramsey setting. The explanation is as follows. In the Ramsey approach
the planner has two independent efficiency objectives. One is the minimization of
distortions in the quantities from which utility is derived. The other objective is the
maximization of the quasi-rent income generated by education. These two
optimizations are separable, given the linearity constraint on policy instruments, only

if the earnings function is isoelastic in education. Separability implies that it is
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efficient not to distort education and to minimize the distortions in consumption and
labour choices. In the cited papers standing in the Mirrlees tradition the planner has
only one objective to pursue. This objective is to keep highly productive taxpayers
from mimicking less productive taxpayers. For this purpose it suffices to tax qualified
labour, as this is the only choice variable for which private information is assumed. As
all other individual choices are observable and weakly separable from qualified labour,
they should remain undistorted. Conditional efficiency of education can be sustained
because the functional specification of subsidization is a priori not constrained and the
marginal subsidy to education can therefore be set equal to the marginal tax on

qualified labour income.

6. Summary

Economists are only beginning to understand the optimal setting of tax incentives for
education. A major breakthrough is by Bovenberg and Jacobs (2005). The present
paper contributes to the literature by analysing efficient taxation of education in
Ramsey’s tradition. It does so by relying on the standard two-period life-cycle model
of a representative household with endogenous consumption, labour, and education. A
first notable result (Proposition 1) states that Ramsey’s Rule does apply to education,
consumption, and nonqualified labour but not to qualified labour. Qualified labour
supply should be reduced less than the other demands and supplies in relative terms.
No particularly selected utility functions are needed to derive this result. The
modelling strategy, however, seems to be critical. At least no similar result has been

derived before within the Mirrlees framework of asymmetric information.

The drawback of the Ramsey approach is that efficient reductions of demands and
supplies cannot be translated one to one into efficient tax rates. Statements about
efficient tax rates are only possible if specific assumptions are made. A well-known
example is the familiar Inverse Elasticity Rule. In Section 3 it is shown how this rule
has to be adapted if applied to qualified and nonqualified labour. Another example is
the result by Atkinson and Stiglitz (1972) and others that saving should not be
distorted if utility is separable in consumption and labour and homothetic in
consumption. This result directly extends to the present framework with endogenous
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education. While it depends on the utility function whether saving should be taxed or
not, the efficiency of not distorting education only depends on the learning function.
More precisely, it is shown to be efficient not to distort education if the learning
function is isoelastic (Proposition 2). This result is called the Education Efficiency
Proposition, and Section 4 offers an extension to many heterogeneous taxpayers.
Proposition 3 generalizes earlier versions of the Education Efficiency Proposition
derived by Bovenberg and Jacobs (2005) and Jacobs and Bovenberg (2008) by
adopting the Mirrlees approach to optimal taxation. Two sets of assumptions must
hold to prove the present version: (i) It must be possible to tax qualified labour and to
tax/subsidize the monetary cost of education. (ii) The learning function must be
isoelastic, and the elasticity must be constant across individuals. Implicit is the
assumption that education is weakly separable from labour and ability in earning

income.

It is natural to ask whether and to what extent the Education Efficiency Proposition
can offer guidance in education policy. Jacobs and Bovenberg (2008) express
scepticism. They do so by questioning the empirical relevance of weak separability of
education from labour and ability in earning income, and even more the relevance of
constant elasticity of education. In Section 4 a more positive view is suggested. It is
argued that cognitive psychology provides impressive evidence for learning functions
the elasticity of which does not vary either in the amount of learning or between
individuals. Applicability of this Power Law of Learning is only limited by the
observation that the elasticities can differ strongly between different learning
programs. The policy conclusion would be that educational choices should at least not
be distorted at the intensive margin. Things may be very different at the extensive
margin, and not only for the reason that education fails to be weakly separable from
labour and ability in earning income or that the planner trades off efficiency against
equity. Dynamic complementarities may provide another strong reason to distort
educational choices systematically. This point is elaborated by Richter and Braun
(2009). By working with an overlapping-generations model with endogenous growth,
they show that it may well be second-best efficient to subsidize education relative to

the first-best level even though separability is ensured and even though efficiency is
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the planner’s sole objective. The reason for systematic subsidization is a human-capital
investment function displaying a strictly increasing elasticity of education. It is argued
that in a dynamic framework such increasing elasticity may be a more appealing
assumption than constant elasticity. In view of Remark 2 above it is not surprising to

learn that subsidizing human-capital investment is then efficiency enhancing.

9. Appendix

The proof of (6) relies on taking partial derivatives of the Lagrange function 7 — Ae
with respect to ¢, p, @, and @, :

0 1
ﬁ[T—/ie]zo o (/1—;)%:41%. (19)

By Hotelling’s lemma and by the definition of the A-operator, one obtains

¢,=pE and de,=A(pE)=pAE+PL—"E. (20)

,
Plugging (20) into (19) yields A—1/r = AE/E . Similarly one derives

Gl AL-AE _ AHL) _ AC-0AL -E)+AE
r L-E HL, C - (L —E)+¢E

By relying on the definition of the expenditure function and by invoking Hotelling’s

lemma one obtains

pC. . +C,, = payl,, +w,HL,  for x=w,m,,p,¢. 1)
The relationship (21) extends to the A-notation:

pAC, +AC, = pwAL +w,HAL, . (22)
Remark 1 is now easily proved by relying on (22), (6”), and (3):

AC, pwAL +w,HAL, — pAC,
c, @ G,
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poL, AL, @HL, AL, _ pC, AG
¢ L ¢ L G G

1 AE

(?) a 2l [por L, +(-ma,HL, — pC,]
1 AE
(?) C—ZF[C2+7ZE—776()2HL2]
1 AE AE
= ——[C,+(r-w,H'L)E] = — .O
X E 2 2 2 E

Proof of (13): As G(C,,C,) is linear homogeneous, it is efficient to set p=r.
Optimizing utility in consumption yields G(C,,C,)=G(c(r)C,,C,)=G(c,1)C, and
rC, +C,=[rc+1]C,. Set G(c,1)/ [rc+1]=g. Optimizing utility in Z, yields ¥, =rga,.
Let L, = L (@) be the nonqualified labour supply. By definition of A4,

AL 1 L 1 aL 17
R (T = R L R U
L r L r L rv,

The determination of AL, /L, is a bit more involved. The first-order condition of the
taxpayer’s optimal choice of L, is ¥, = gw,H = gw,E" . Applying the A-operator and

relying on (6) yields

ALZ_L@_Aw2+ AE _1ao,-w, 70 AL,
L Vv, o E ©r @ 1-nL,

After solving for AL, /L, and equating AL, /L, with (1-n)AL,/L,, one ends up with

(13).0
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The Proof of Proposition 3 generalizes that of (6). The first-order condition of the
planner’s maximization with respect to ¢ is obtained along the lines indicated by (19)

and (20):
0- pZ[AEn—En(ﬂn—%)]. 23)

The derivation with respect to @, yields

n n 1
0= [AH"L,)-H LG(ﬂn—;)]
= Z[H”'LZHAE,,+H"AL2W—H"L2,,(Z,"—%)] (24)
1 AL 1 1
= S H"'L, [AE,+—E,=2"——FE (1 ——
; 2n[ n 77 n LG n( n I”)]

D ST SSLYALN JR  YY SLY O g
w o, n're, T 7 n r

from which W _P_ 0 follows.o
w, T

Proof of Proposition 4: For X=F the statement (17) follows from dividing (23) through
by ZEH .For X =L —E,HL, one first has to take partial derivatives of the Lagrange
function with respect to @, and @, yielding conditions displaying the same structure

as (23):
Y AX, =Y (4, D)X, . 25)
n n r

Dividing through by ZX” yields (17) for X =L, —E and HL,. The case of X =L,

follows from the linearity of (25) in X. Taking the partial derivative of the Lagrange

function with respect to p yields
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2MAC, @ ALy, ~E,) + pAE,] = (4, - %)[Cln ~a(L,~E,)-¢E,].

Making use of (25) for X =L, — F, E yields (25) for X =C, from which (17) follows.
It is noted without proof that (25) and (17) hold for X = C, only if exogenous income

g,=0 for all n.

As to the inequality (18), assume ZAEn < 0. Then (24) implies

Z/iﬂH”LZW —lZH"LG = Z[H" 'L, AE +H"AL,,]
n r n

n

= S AE,+ Y H"AL, < Y H'AL,.

a)z n

Dividing through by ZH "L,, yields (18).0

References

Anderberg, D., 2008, Optimal policy and the risk-properties of human capital

reconsidered, mimeo: Royal Holloway University of London.

Anderson, J.R., 2005 (1980), Cognitive psychology and its implications, New York,
6" ed.

Andersson, F. and K.A. Konrad, 2003, Human capital investment and globalization in

extortionary states, Journal of Public Economics 87, 1539—1555.

Arrow, K.J., 1962, The economic implications of learning by doing, Review of

Economic Studies 29, 155—173.

Atkeson, A., V.V. Chari, and P.J. Kehoe, 1999, Taxing capital income: A bad idea,
Federal Reserve Bank of Minneapolis Quarterly Review 23, 3—17.

Atkinson, A.B. and J.E. Stiglitz, 1972, The structure of indirect taxation and economic

efficiency, Journal of Public Economics 1, 97-119.

Atkinson, A.B. and J.E. Stiglitz, 1976, The design of tax structure: Direct versus

indirect taxation, Journal of Public Economics 6, 55-75.

25



Boadway, R., N. Marceau, and M. Marchand, 1996, Investment in education and the

time inconsistency of redistributive tax policy, Economica 63, 171-189.

Bovenberg, A.L. and B. Jacobs, 2005, Redistribution and learning subsidies are

Siamese twins, Journal of Public Economics 89, 2005-2035.

Crossman, E.R.F.W., 1959, A theory of the acquisition of speed-skill, Ergonomics 2,
153-166.

da Costa, C.E. and L.L. Maestri, 2007, The risk properties of human capital and the

design of government policies, European Economic Review 51, 695-713.

Diamond, P. and J.A. Mirrlees, 1971, Optimal taxation and public production, I
Production efficiency, II Tax rules, American Economic Review 61, 8-27, 261—

278.

Jacobs, B. and A.L. Bovenberg, 2008, Optimal taxation of human capital and the
earnings function, CESifo Working Paper No. 2250.

Jones, L.E., R.E. Manuelli, and P.E. Rossi, 1997, On the optimal taxation of capital

income, Journal of Economic Theory 73, 93—117.

Lipsey, R.G., and K. Lancaster, 1956/57, The general theory of second best, Review of
Economic Studies 24, 11-32.

Mirrlees, J.A., 1971, An exploration in the theory of optimum income taxation,

Review of Economic Statistics 38, 175-208.
Myles, 1995, Public Economics, Cambridge University Press.

Nielsen, S.B. and P.B. Sérensen, 1997, On the optimality of the Nordic system of dual

income taxation, Journal of Public Economics 63, 311-329.

Ramsey, F.P., 1927, A contribution to the theory of taxation, Economic Journal 37,
47-61.

Richter, W.F., 2008, Taxing education in Ramsey’s tradition, CESifo WP No. 2586.

Richter, W.F. and C. Braun, 2009, Efficient subsidization of human capital
accumulation with overlapping generations and endogenous growth, TU

Dortmund University, mimeo.

26



Ritter, F.E., and Schooler, L.J., 2001, The learning curve, in: International
Encyclopedia of the Social and Behavioral Sciences, W. Kintch, N. Smelser, and

P. Baltes, eds., Oxford, 8602—8605.

Sandmo, A., 1974, A note on the structure of optimal taxation, American Economic

Review 64, 701-706.

Trostel, P.A., 1993, The effect of taxation on human capital, Journal of Political

Economy 101, 327-350.
Trostel, P.A., 1996, Should learning be subsidized? Public Finance Quarterly 24, 3-24.

Wigger, B.U., 2004, Are higher learning subsidies second best? Scandinavian Journal
of Economics 106, 65-82.

27




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /CMYK
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<

    /BGR <>
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /DEU <>
    /ESP <>
    /ETI <>
    /FRA <>
    /GRE <>

    /HRV (Za stvaranje Adobe PDF dokumenata najpogodnijih za visokokvalitetni ispis prije tiskanja koristite ove postavke.  Stvoreni PDF dokumenti mogu se otvoriti Acrobat i Adobe Reader 5.0 i kasnijim verzijama.)
    /HUN <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>
    /RUM <>
    /RUS <>
    /SKY <>
    /SLV <>
    /SUO <>
    /SVE <>
    /TUR <>
    /UKR <>
    /ENU (Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice




