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SUMMARY: The theory of optimal taxation has often been criticized for being of little
practical policy relevance, due to a lack of robust theoretical results. This paper ar-
gues that recent advances in optimal tax theory have made that theory easier to apply
and may help to explain some current trends in international tax policy. Covering the
taxation of labour income and capital income as well as indirect taxation, the paper
also illustrates how some of the key results in optimal tax theory may be derived in a
simple, heuristic manner.

In the tradition established by the classical political economists, normative analysis
of tax policy tended to follow a principles-oriented approach according to which a good
tax system should satisfy certain desirable criteria. For example, Lord Overstone, who
served as President of Britain’s Royal Statistical Society from 1851 to 1853, thought
that a tax should be »productive, computable, divisible, frugal, non-interferent, un-
annoyant, equal, popular, and uncorruptive«, see the discussion by O’Brien (2009).

The classical economists rarely discussed the trade-offs between the various goals
of tax policy. In particular, they did not pay much attention to the trade-off between re-
distribution and economic efficiency, since they typically ruled out redistributive
progressive taxation as a matter of principle, seeing it as a fundamental threat to pro-
perty rights. The denouncement of any deviation from proportional taxation was vividly
expressed by McCulloch (1845) who argued that »The moment you abandon the cardi-
nal principle of exacting from all individuals the same proportion of their income or of
their property, you are at sea without rudder or compass, and there is no amount of in-
justice and folly you may not commit«, see Creedy (2009, p. 2).
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Following the neoclassical »marginalist« revolution in economic theory, Edgeworth
(1897) argued that taxation should involve an equal marginal sacrifice (of utility) for
each individual taxpayer in order to minimise the aggregate utility loss imposed on
taxpayers. When combined with the neoclassical assumption of declining marginal
utility of income, this utilitarian principle of equal marginal (i.e. minimum total) sacri-
fice did provide a rationale for progressive income taxation.

Edgeworth was aware that redistributive taxation involves a trade-off between equi-
ty and efficiency, but the development of a rigorous coherent framework for analysing
this trade-off had to await the seminal work by Mirrlees (1971). However, much of the
optimal tax literature building on Mirrleess’ contribution has been highly technical
and abstract, and for many years this body of theory seemed to offer few robust results.
For these reasons many policy makers have tended to see the theory of optimal taxation
as being of little practical relevance. In this paper I shall argue that recent advances in
optimal tax theory have made that theory easier to apply and may help to explain some
current trends in international tax policy. I shall also illustrate how some of the key re-
sults in optimal tax theory may be derived in a simple, heuristic manner.

The first part of the paper deals with the theory of optimal taxation of labour in-
come. In Part 2 I focus on optimal indirect taxation, while Part 3 discusses the optimal
taxation of income from capital. Part 4 summarises the main conclusions.

1. Optimal taxation of labour income
The Mirrlees model
In the canonical model of optimal income taxation set up by Mirrlees (1971) consu-

mers are assumed to maximise a utility function of the general form

U = U(C, L), (1)

subject to the budget constraint

C = wL – T(wL), (2)

where C is consumption, L is labour supply, w is the real wage, and T(wL) is a non-
linear tax-transfer schedule. The solution to the consumer’s problem yields his indirect
utility function V(w). In the Mirrlees model the pre-tax real wage rates are treated as
exogenous and taken to reflect the different non-observable ability levels of individual
taxpayers. With wage rates being distributed over the interval [w–, w– ], 0 ≤ w– ≤ w– ≤ �,
Mirrlees assumed that the benevolent policy maker wishes to maximise an individua-
listic Bergson-Samuelson social welfare function of the form
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w–

W = �� (V (w)) f (w) dw, �� > 0, �� ≤ 0, (3)

w–

Here f(w) indicates the density of taxpayers earning the wage rate w and the (numeri-
cal) magnitude of the second derivative �� reflects the strength of the policy maker’s
preference for equity. The maximisation of (3) takes place subject to the constraint that
the government must raise an exogenous amount of revenue R:

w–

� T (wL (w)) f (w) dw = R. (4)

w–

The solution to the above optimal tax problem is technically demanding and does
not yield very clear-cut results regarding the shape of the optimal income tax schedule.
To get a feel for the likely shape of this schedule, Mirrlees carried out simulations as-
suming Cobb-Douglas utility functions, a classical utilitarian social welfare function
(with �� = 1 and  �� = 0) and a log-normal wage distribution. On these assumptions he
found that the optimal tax schedule was approximately linear, with an exemption level
below which positive net transfers are payable.

Had this early result been robust, it would have had great practical policy relevance,
since a linear labour income tax is fairly simple to administer. In particular, because a
linear income tax features a constant marginal tax rate, it does not require information
on individual incomes, since it can be implemented as a proportional payroll tax com-
bined with a flat transfer to all taxpayers. However, subsequent work by Tuomala
(1984) and others revealed that the near-optimality of a linear income tax is not a ro-
bust result once one allows for plausible respecifications of utility functions and of the
shape of the wage distribution. Atkinson and Stiglitz (1980, ch. 13) also found that the
optimal tax schedule deviates substantially from linearity when the social planner has
more egalitarian preferences than those implied by classical utilitarianism.

With these discouraging findings, it seemed for a while that optimal tax theory could
offer little guidance on income tax design. But building on earlier contributions by 
Revesz (1989), Piketty (1997), Diamond (1998), and Roberts (2000), Saez (2001,
2002a) showed how a formula for the optimal marginal tax rate at every income level
can be derived in terms of the relevant elasticities of taxable income and the properties
of the wage distribution. Since these parameters can in principle be observed or esti-
mated empirically, the work of Saez has greatly enhanced the practical applicability of
optimal income tax theory. Another important contribution by Saez (2002a) was the
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explicit allowance for tax distortions to the extensive as well as the intensive margin of
labour supply. This is highly relevant since many empirical studies have shown that la-
bour supply is often more elastic on the extensive margin (where workers decide
whether or not to participate in the labour market) than on the intensive margin (where
people make decisions on their hours of work, given that they are already employed).

The Saez (2002a) model
Given its importance, it is worth restating the key contribution of Saez (2002a) in a

heuristic, intuitive manner.1

Following Piketty (1997), Saez assumes that employed workers allocate themselves
across a range of different occupations involving different levels of effort and income.
Workers can decide to participate or to stay outside the labour market. In the latter case
they receive the public transfer S0, whereas a worker employed in job category i earns
the after-tax income ci. As the net gain ci – S0 from employment in occupation i increa-
ses, more workers move from non-employment into this occupation. This is the exten-
sive labour supply response. Once employed, workers can move one step up or down
the job ladder by adjusting their effort. In case of an increase in the gap ci+1 – ci be-
tween the net incomes obtainable in job categories i + 1 and i, respectively, some wor-
kers previously employed in occupation i will therefore be induced to upgrade them-
selves to the higher-earning occupation i + 1 by increasing their »effort«. Similarly, an
increase in the net earnings differential ci – ci-1 will spur some workers to upgrade
themselves from job category i – 1 to category i. These movements between job ca-
tegories involving different earnings levels represent the intensive labour supply re-
sponse. With these assumptions, the fraction hi of the work force employed in occupa-
tion i can be specified as

hi = hi (ci – S0, ci+1 – ci, ci – ci-1), (5)

where ci � zi – Ti (zi) is the difference between the pre-tax earnings zi in occupation i
and the net tax Ti (zi) payable on that income. By assuming that labour supply deci-
sions depend only on the differences between the net incomes obtainable in different
labour market states, equation (5) implicitly abstracts from income effects (since
otherwise labour supply would also depend on the level of income). In recent years
most empirical studies have indeed tended to find rather small income effects on in-
dividual labour supply. Thus there is a good case for considering the benchmark situa-
tion with zero income effects.
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From (5) we can define the participation elasticity

�hi ci – S0�i � ���� · ��	�, (6)
�(ci – S0)         hi

and the intensive labour supply elasticity

�hi ci – ci-1
i � ���		� · ��		�. (7)
�(ci – ci-1)          hi

As shown by Saez (2002a, p. 1070), 
i � 
�i�

-zi�zi-
�zi-1

	, where �i � �	
�(1-T�

�
�zi	�	
(zi))

· �
(1-T�

�zi

(zi))�	 is
the elasticity of taxable income with respect to one minus the marginal tax rate, esti-
mated in numerous recent empirical studies.

Optimal taxation in the Saez model
Consider now the welfare effects of increasing the tax liability by the (small) amount

dT for all of the occupations i, i + 1, i + 2,... up to the highest-earning occupation J.
Measured in money metric units, the impact on the welfare of an individual in one of
these occupations equals the direct impact on disposable income, -dT, since any change
in disposable income stemming from a change in labour supply has no first-order 
effect on welfare, assuming that the taxpayer has optimised his/her labour supply in
the initial equilibrium (this is just an application of the Envelope Theorem). Suppose
now that the policy maker’s evaluation of the marginal social utility of net income for
individuals in occupation j is g(cj).The social evaluation of the impact of the tax in-
crease on aggregate private welfare is then given by

J

dW(i) = – �g(cj )hj dT . (8)
j=i

Against this private welfare loss one must balance the rise in public revenue. Ab-
stracting from behavioural changes, the direct (»mechanical«) revenue gain is

J

dM = �hj dT . (9)
j=i

However, public revenue also changes because of the tax-induced changes in labour
supply. The tax hike reduces the net income differential ci – ci-1 � zi – Ti – (zi-1 – Ti-1)
by the amount dT , whereas it has no impact on the income differential cj – cj +1 be-
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tween any other two »neighbouring« occupations. With dhI
i denoting the change in hi

resulting from the intensive labour supply response, the revenue loss implied by the
change in behaviour on the intensive margin (dBI) is

hi dT(Ti – Ti-1)
dBI = dhI

i · (Ti – Ti-1) = – 
i · ���	��� (10)ci – ci-1

where the last equality in (10) follows from (7). The tax hike also reduces the net in-
come gain cj – S0 by the amount dT for all persons in job category i and above. If dhE

j

indicates the change in hj stemming from labour supply responses on the extensive
margin, the drop in revenue occurring as a result of lower labour force participation
becomes

J                                                       J �j hj(Tj + S0 )
dBE = �dhE

j · (Tj + S0 ) = – dT����	���, (11)
j=i j=i cj – S0

where we have used the definition (6) to arrive at the last equality. Under the optimal
tax policy, the tax burden on any occupation from i and upwards is increased up to the
point where the social valuation of the resulting private utility loss is just matched by
the government’s net revenue gain, i.e. until

dW(i) + dM + dBI + dBE = 0. (12)

Inserting (8) through (11) into (12), we get the optimal tax rule

Ti – Ti-1 1 J Tj + S0
���	 = �� �hj �1 – gj – �j ���	���. (13)
ci – ci-1 
ihi j=i cj – S0

The marginal tax rate at the income level zi may be defined as

Ti – Ti-1
mi � �	��	, (14)

zi – zi-1

from which it follows that

(zi – Ti ) – (zi-1 – Ti-1) ci – ci-1 mi Ti – Ti-1
1 – mi � �	�������	 = �	��	 ⇒ �	�	 = �	��	. (15)zi – zi-1 zi – zi-1 1 – mi

ci – ci-1
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Further, the »participation tax rate« measuring the increase in net taxes imposed
when a person moves from non-employment to employment may be defined as

Tj + S0
tj � 		��	, (16)

zj

implying that

Tj + S0    Tj + S0            tj
		��	 � 		����	 = 		��	. (17)
cj – S0          zj – (Tj + S0 ) 1 – tj

Substituting (15) and (17) into (13), we may write the optimal tax rule as

mi 1 J tj
���	 = �� �hj �1 – gj – �j ���	���. (18)
1 – mi    
ihi j=i 1 – tj

Implications of the optimal tax rule
Equation (18) has a number of implications for tax policy: (1) The optimal marginal

tax rate at the income level zi is lower the higher the intensive labour supply elasticity
(
i) and the larger the number of taxpayers (hi) at that income level. This is intuitive,
since the efficiency loss from a rise in the marginal tax rate will be greater the more
taxpayers who are affected by it and the stronger their labour supply responds to a
change in the net gain from additional effort. (2) Since a rise in the marginal tax rate at
income level zi reduces the net labour income of all taxpayers above that earnings 
level, it induces some of them to exit the labour market. The strength of this extensive
labour supply response is larger the higher the participation elasticities �j, j = i, i +
1,....., J, and the resulting loss in net public revenue is greater the higher are the initial
participation tax rates tj of the affected groups and the greater the number of people in
these groups. The labour supply response at the extensive margin therefore reduces the
optimal marginal tax rate at income level zi to a larger extent the higher are the values
of  �j, tj and hj above that income level. (3) Because a higher marginal tax rate at in-
come level zi cuts into the disposable income of all taxpayers above that level, the opti-
mal marginal tax rate is lower the higher is the social valuation of income for taxpayers
above the income level considered; i.e. the larger the values of the welfare weights gj,
j = i, i + 1,..., J, and the greater the number of people carrying these weights (hj).

While the factors mentioned in (1) and (2) reflect how concerns about economic ef-
ficiency shape the optimal tax schedule, the parameters in (3) obviously reflect equity
concerns. However, note from (18) that allowing for labour supply responses at the ex-
tensive margin (an efficiency concern) is equivalent to attaching a higher social welfare
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weight to groups with high participation elasticities and/or groups with high participa-
tion tax rates.

One further point is worth emphasizing: to apply formula (18), no assumptions about
individual preferences are needed. The policy maker »only« has to specify his/her distri-
butional value judgements in terms of the social welfare weights gj and to obtain esti-
mates of the parameters 
j, �j, tj, and hj.

2

To illustrate the applicability of formula (18), we may consider some instructive
special cases. As already mentioned, the analysis above abstracts from income effects
on labour supply since such effects have typically been estimated to be small. With zero
income effects a lump-sum transfer to an individual taxpayer has no impact on his/her
labour supply and hence does not generate any indirect change in public revenue via
this channel. A marginal euro of public funds will then be valued exactly as much as
an additional euro distributed evenly across all taxpayers, implying that

J

�hi gi = 1. (19)
i=0

Traditionally the optimal tax literature has abstracted from labour supply responses
on the extensive margin, implicitly assuming �j = 0. It then follows from (13) that the
optimal marginal tax rate at the bottom of the income ladder is

T1 – T0 1 J 1 J J

���	 = �� �hj ( 1 – gj ) = �� ��hj – h0 – �hj gj + h0 g0�, (20)
ci – c0 
ihi j=1 
ihi j=0 j=0

where individuals outside the labour market have been categorized as group zero (in-
dicated by subscript 0), while the lowest-paid workers are categorized as group 1. By
definition, we have �J

j=0 hj = 1 which may be inserted into (20) along with (19) to give

T1 – T0           (g0 – 1)h0
�	��	 = �	���	. (21)
c1 – c0                   
1h1

If policy makers have a strong preference for redistribution, the value of the social
welfare weight g0 will tend to be far greater than one, since the weighted average value
of gj across all taxpayers is unity (cf. (19)).3 According to (21) the marginal tax rate at
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the bottom of the earnings distribution will then be high. This is a well-known impli-
cation of the Mirrleesian model of optimal income taxation when the least productive
individuals are outside the labour force. In other words, the much-debated »poverty
traps« caused by the phase-out of social transfers as people belonging to the poorest
section of the population move from unemployment into employment are in fact part
of an optimal policy when the labour supply of the rest of the work force does not re-
spond at the extensive margin.

However, suppose instead that labour supply responds only at the extensive margin,
i.e. 
i = 0, �i. This alternative benchmark case is of some interest since empirical stu-
dies tend to find that labour supply is indeed much more elastic at the extensive than at
the intensive margin, at least for the low-skilled and for females, see Heckmann, (1993).
With 
i = 0 it follows from (18) that optimal tax policy requires

tj 1 – gj
�	� = ���. (22)
1 – tj �j

Thus the optimal participation tax rate for income group j is lower the higher the
participation elasticity of that group (efficiency concern) and the higher the social
valuation of income for members of the group (equity concern). Since S0 � T0, we have

T1 + S0    T1 – T0            t1                   T1 – T0                  T1 – T0
t1 � 		�	�	 � 		��� ⇒ 		�� = 		��		��	 = ��	� (23)

z1 z1                   1 – t1          z1 – (T1 – T0 ) c1 – c0

According to (22) and (23) the optimal marginal tax rate at the bottom is therefore
given by

T1 – T0           1 – g1
		�	�	 = 		�	�	 (24)
c1 – c0                �1

Given that the weighted average value of the social welfare weights is unity (see
(19)), a policy preference for redistribution will almost surely imply g1 > 1 except in
the extreme Rawlsian case where policy makers care only about the poorest group (so
that g0 = 1 and gj = 0 for all j ≥ 1). Thus (24) implies that, when labour supply only re-
sponds at the extensive margin, the marginal tax rate on the lowest-paid workers should
generally be negative. This policy could be implemented by granting a sufficiently large
Earned Income Tax Credit which is phased out with rising levels of labour income (to
reflect the fact that gj varies negatively with income). The result in (24) is in stark con-
trast to the more conventional result reported in (21), and it highlights the importance of
allowing for labour supply responses at the extensive margin.
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Saez (2002a) applies the general formula (18) to simulate the optimal tax schedule,
using data on the U.S. wage distribution plus alternative assumptions about labour
supply elasticities and the government’s tastes for redistribution. The latter are speci-
fied as

1
gj = g(cj ) = ��� , 0 ≤ v ≤ + �, (25)

p · cv
j

where the parameter v measures the strength of the preference for redistribution, and p
is the marginal value of public funds, calibrated to satisfy (19).  For plausible values of
the intensive labour supply elasticities, Saez finds that it takes fairly high participation
elasticities to rationalize negative marginal tax rates at the bottom, especially if the
preference for redistribution is strong. However, with realistic participation elastici-
ties, the lowest-paid workers should face rather low marginal tax rates in order not 
to discourage their participation, and this could still provide a role for some form of
Earned Income Tax Credit (EITC). The new focus in optimal tax theory on the impor-
tance of the extensive margin of labour supply thus offers a rationale for the recent
trend in many OECD countries towards the introduction of various in-work benefits
(such as an EITC) that are intended to »make work pay«.

An alternative application of optimal tax theory: deriving implicit social welfare
weights

One potential obstacle to the applicability of optimal tax theory is that policy makers
may not be able or willing to explicitly specify the social valuation weights gj in the op-
timal tax formula (18). However, by »turning the formula on its head«, the researcher
can ask: what are the magnitudes of the social welfare weights for the various income
groups that would make the existing tax system optimal, given realistic assumptions on
labour supply elasticities and the distribution of pre-tax earnings? Having estimated the
implicit social welfare weights embodied in the current tax-transfer system, the re-
searcher may then confront policy makers and ask them: do these social welfare weights
provide a reasonable representation of your actual distributional preferences? If the
answer is negative, perhaps policy makers can be induced to reconsider whether the 
existing tax-transfer system represents a rational trade-off between equity and efficien-
cy. For example, suppose the researcher could point out that the social welfare weights
implied by the current tax system are not monotonically decreasing with the taxpayer’s 
level of income. Presumably the policy maker would find it hard to defend such a 
system and would therefore be willing to consider proposals for reforming it.
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To illustrate how such a procedure might work, note that equation (13) may be in-
verted to give (using S0 � – T0 = c0):

TJ – T0                TJ – TJ-1
gJ = 1– �j 		�	�	 – 
J 		��	�	 , (26)

cJ – c0                  cJ – cJ-1

Ti – T0 Ti – Ti-1 1 J Tj – T0
gi = 1 – �i �	��	 – 
i ���� + �� � hj �1 – gj – �j ���	���. (27)

ci – c0 ci – ci-1 hi j=i+1 cj – c0

Equation (26) may be used to estimate the implicit social welfare weight for the top
income group (group J), given estimates of the labour supply elasticities �J and 
J plus
data on the net tax payments TJ, TJ-1 and T0 and the disposable incomes cJ, cJ-1 and c0.
Once this has been done, one can apply (27) to calculate the implicit welfare weights
for groups J-1, J-2,…etc. in a recursive manner, all the way down to group 1, using data
on incomes and tax payments plus estimated elasticities. The welfare weight g0 may
then finally be calculated from (19).

Such an exercise has recently been undertaken by Spadaro (2008) for seven western
European welfare states. Spadaro uses data from the tax-benefit calculator EUROMOD
which groups the population into ten income deciles. Interestingly, he finds that the im-
plicit social welfare weights are non-monotonic in all the countries considered.4

Optimal taxation in imperfect labour markets
The bulk of the literature on optimal income taxation abstracts from labour market

distortions other than those caused by the tax system. In competitive labour markets, a
switch from proportional to progressive income taxation increases the deadweight loss
from taxation, except under highly implausible assumptions regarding the income ef-
fects of taxation, see Sandmo (1983). But once one allows for non-tax distortions due
to labour market imperfections, some amount of tax progressivity can actually be de-
fended on pure efficiency grounds, see Sørensen (1999). For example, in unionised 
labour markets union wage setting tends to generate involuntary unemployment. If the
government raises the marginal tax rate while holding the average tax rate constant
(e.g. by raising the personal exemption level), unions can be motivated to moderate
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their wage claims, thus paving the way for lower unemployment. The reason is that,
with a higher marginal tax rate, it becomes less costly for unions to »buy« more jobs
through wage moderation, since a given fall in the pre-tax wage rate will now lead to a
smaller drop in the after-tax wage. Stronger tax progressivity also generates wage mo-
deration and lower involuntary unemployment in efficiency wage models where em-
ployers pay wages above the market-clearing level as a means of inducing higher pro-
ductivity of their workers. The explanation is that a rise in the marginal tax rate re-
duces the effectiveness of a high (pre-tax) wage rate as an instrument for encouraging
high labour productivity, given that workers care about after-tax rather than pre-tax
wages.

These observations do not imply that tax progressivity is a »free lunch« in imperfect
labour markets, since higher marginal tax rates also have distortionary effects, e.g. by
inducing unions to bargain for fewer working hours, and by reducing work efforts in
an efficiency wage setting. However, even when these tax distortions are accounted
for, the numerical analysis in Sørensen (1999) suggests that a substantial degree of 
tax progressivity can be rationalised on pure efficiency grounds, especially when un-
employment benefits are generous.

A challenging task is to analyse optimal taxation when the tax system must serve
the goal of redistributing income while at the same time accounting for non-tax labour
market frictions. This problem was recently addressed by Boone and Bovenberg
(2004) and Hungerbühler et al. (2006) for an economy with labour market frictions
stemming from imperfect information that gives rise to job search. When an employer
with a job vacancy has been matched with an unemployed job seeker, the wage bargain
between the two parties determines the distribution of the rent from the job match.5

The worker’s share of the rent represents the return to his job search effort, and the em-
ployer’s share is the return to his investment in searching for a worker. To generate an
efficient labour market equilibrium, the employer’s share of the surplus from the match
should correspond to the increase in the probability of a match occurring when he
posts an extra vacancy. This efficiency condition is known as the Hosios condition,
Hosios (1990). However, if the worker’s bargaining power is »too« strong (weak), his
share of the rent will be larger (smaller) than the efficient share, thus weakening
(strengthening) the incentive for employers to post vacancies and thereby generating
too much (little) labour market slack and hence too much (little) unemployment.

Hungerbühler et al. (2006) analyse the optimal non-linear tax-transfer system in the
benchmark case where the Hosios condition is met so that the labour market equili-
brium would be efficient in the absence of tax. The introduction of a positive marginal
labour income tax rate for redistributive purposes induces firms and workers to bargain
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for lower gross wages, because it raises the cost to the employer of providing the wor-
ker with any given increase in the after-tax wage while at the same time reducing the
cost to the worker of conceding more profit to the employer by accepting a lower pre-
tax wage rate. Hence the optimal tax system involves a level of wages and unemploy-
ment below the efficient level when the Hosios condition is met, since it is optimal for
the government to accept this labour market distortion in return for the redistributive
gain from progressive taxation. Indeed, since progressivity implies that the average tax
rate increases with income, and since a rise in the average (as opposed to the marginal)
tax rate generates upward wage pressure in the Nash bargaining set-up considered by
Hungerbühler et al., they find that it is optimal to set marginal tax rates above the aver-
age tax rates to moderate wages. Simulating their model for plausible parameter values,
they show that the optimal marginal tax rates in their economy with job search frictions
tend to be substantially higher than the optimal tax rates in the traditional Mirrleesian
optimal tax model with a competitive labour market.

The study of optimal taxation in imperfect labour market is still in its infancy, but
the work discussed in this section suggests that it may generate new interesting insights
with important implications for tax policy.

2. Optimal indirect taxation
Does optimal tax theory offer any useful guidance for indirect taxation? This is the

topic addressed in the present part of the paper.
It is well known that a uniform indirect ad valorem tax on all goods and services is

equivalent to a proportional tax on labour income.6 From a theoretical perspective, the
main issue is thus whether there is a case for introducing a system of differentiated
commodity taxes? And if so, which commodities should bear the highest (lowest) rates
of tax? There are two strands of optimal tax literature dealing with this issue.
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6. We can be a little more precise here. Suppose the consumer’s life cycle is divided into two periods, indi-
cated by subscripts 1 and 2. Let Ci, Wi, i and Ti denote consumption, wage income, rent income (‘pure pro-
fit’) and transfer income in period i, respectively, and suppose the consumer receives an inheritance I in pe-
riod 1 and leaves a bequest B at the end of period 2. If S is the saving undertaken in period 1, r is the interest
rate, and t is the uniform indirect tax on consumption, assumed constant over time, the consumer’s budget
constraints in the two periods are:

Period 1: S = W1 + 1 + T1 + I – (1 + t)C1 ,          Period 2: (1 + t)C2 + B = (1 + r) S + W2 + 2 + T2 .  

Eliminating S and consolidating, one obtains the lifetime budget constraint:

C2                                                                       W2 + 2 + T2 B                          t
C1 + �	� = (1 – �)�W1 + 1 + T1 + ��	��� + I – ����,    � � ��� .

1 + r                                                      1 + r                    1 + r            1 + t

This shows that a uniform ad valorem commodity tax levied at the rate t is equivalent to a proportional tax
levied at the rate � = t / (1 + t) on the sum of wages, rents, transfers and the present value of net bequests re-
ceived (I – 	B

1+r�). 



The Ramsey approach to indirect taxation
The first one, building on the classical contribution by Ramsey (1927), assumes that

the government has to raise some given amount of revenue via indirect taxes. When one
abstracts from consumer heterogeneity, the optimal tax problem boils down to raising
the required amount of revenue in a manner that minimises the total deadweight loss.
This leads to the famous Ramsey rule which says that indirect taxes should be designed
so as to cause an equi-proportionate reduction in the compensated demands for all com-
modities. Thus the optimal indirect tax system seeks to avoid distorting the quantitative
pattern of consumption, but since the own price and cross price elasticities will general-
ly differ across commodities, commodity taxes (as a percentage of the total consumer
price) should generally be differentiated to induce the same relative reduction in all
quantities demanded.

The well-known inverse elasticity rule – stating that the optimal commodity tax rates
are inversely related to the (compensated) own-price elasticity of demand – is a special
case of the Ramsey rule, holding only when the cross price elasticities of demand for
the taxed commodities are zero. The inverse elasticity rule essentially seeks to minimise
tax distortions to labour supply, for when cross price elasticities in commodity de-
mands are zero, the only way a tax-induced rise in the consumer price can reduce the
demand for some commodity is by causing substitution from material consumption
towards leisure. In such a setting a low own price elasticity of demand means that a
commodity tax has little discouraging effect on labour supply.

The optimal tax rule discovered by Corlett and Hague (1953) is another special case
of the Ramsey rule derived in a context with only two taxed commodities plus (untaxed)
leisure. The Corlett-Hague rule states that the commodity which is more complemen-
tary to (less substitutable for) leisure should carry a relatively high tax rate to offset the
tendency of the tax system to induce substitution towards leisure. Thus uniform taxa-
tion is optimal only in the special case where both commodities are equally substi-
tutable for (complementary to) leisure. Again, we see that optimal indirect tax design 
seeks to minimise the tax distortions to labour supply that inevitably occur when only
commodities (but not leisure) can be taxed.

More generally, if utility is generated by consumption of the goods bundle x0, x1,
x2,...., xn, where x0 is untaxed leisure, it can be shown, see Sandmo (1974) or Sadka
(1977), that uniform commodity taxation is optimal if the utility function takes the
form

U(x0, x1,......, xn ) = U(x0, v(x1,......, xn )) (28)

where the sub-utility function v(x1,......, xn ) is homothetic. In other words, uniform
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commodity taxation is optimal if preferences are separable in leisure and commodities
– so that all commodities are equally substitutable for leisure – and if all commodities
have the same income elasticity of demand. The intuition is that when income elastici-
ties are identical, the equi-proportionate reduction of all compensated commodity de-
mands prescribed by the Ramsey rule also requires the same relative reduction of the
uncompensated demands for all commodities. Since a uniform ad-valorem tax on all
commodities is equivalent to a proportional labour income tax, it will indeed generate
the same relative fall in the consumption of all commodities when they all have the same
income elasticity and are all equally substitutable for leisure (labour).  

The classical Ramsey rule focuses on the pure efficiency aspects of indirect taxa-
tion by abstracting from consumer heterogeneity. Diamond (1975) showed how the
Ramsey rule is modified in a world of heterogeneous consumers where policy makers
trade off efficiency against their redistributional goals. His analysis indicates that while
efficiency may call for relatively high commodity tax rates on leisure complements,
concerns about equity call for relatively low tax rates on commodities that weigh hea-
vily in the budgets of low-income families.

The Mirrleesian approach to indirect taxation and the Atkinson-Stiglitz theorem
Although Diamond (op.cit.) introduced equity concerns into the theory of optimal

indirect taxation, he did not account for the role that a non-linear income tax could
play as a means of achieving the policy maker’s distributional goals. Another strand of
literature on indirect taxation – which might be termed »the Mirrleesian approach« –
asks the question: which (if any) commodity taxes should supplement the income tax
in order to attain an optimal trade-off between equity and efficiency when the govern-
ment has to raise a given amount of total revenue?

This literature assumes that consumers have different abilities, reflected in their wage
rates. The government cannot observe individual wage rates, but it observes individual
incomes and is hence able to levy a non-linear income tax. At the same time, the 
government does not observe the individual taxpayer’s consumption of a particular 
good, so commodity taxes must be impersonal and hence linear. Note that since uni-
form commodity taxation is equivalent to a proportional wage income tax, the issue
for indirect tax policy is whether there is any need for differentiated commodity taxes
when the government can levy a personal tax on labour income.

The benchmark result in this line of research was established early on by Atkinson
and Stiglitz (1976) who showed that if preferences are weakly separable in leisure and
all other goods taken together, it is inoptimal to differentiate taxes across commodities
when the government optimises the non-linear labour income tax. Weak separability
of preferences implies that the utility function takes the form (28), but the Atkinson-
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Stiglitz theorem does not require that the subutility function v(x1,......, xn ) be homo-
thetic.

The intuition behind the Atkinson-Stiglitz theorem may be explained as follows.
The nonlinear income tax is deployed to achieve the optimal amount of redistribution.
If the tax system becomes too progressive (relative to the optimum), an individual with
a high wage rate will choose to work less so as to »mimic« the income level of an indi-
vidual with a lower wage rate. In that case the two persons will pay the same amount of
income tax and have the same disposable income, but the person with the higher wage
rate will enjoy more leisure. However, the government obviously cannot use the in-
come tax to achieve a further redistribution of welfare from high-ability to low-ability
individuals when the former persons mimic the incomes of the latter. If differentiated
commodity taxes could reduce the incentive for mimicking, the scope for redistribu-
tion via the income tax would increase. But with separability between goods and lei-
sure, the government cannot use differentiated commodity taxes to impose a higher tax
burden on high-ability persons by exploiting any relationship between leisure and the
consumption of taxable commodities, since the high-ability individuals choose the 
same commodity bundle as the low-ability persons whom they mimic, even though
they consume more leisure. Hence differentiated commodity taxes cannot play any
useful role by relaxing the non-mimicking constraints that limit the government’s abi-
lity to redistribute income. Differentiated taxation will only introduce distortions in
commodity choices and hence it is not optimal. 

Atkinson and Stiglitz proved their theorem by assuming that the government opti-
mises the non-linear income tax schedule. More recently, Laroque (2005) and Kaplow
(2006) have shown that as long as preferences are weakly separable in leisure and
commodities, differentiated commodity taxes are undesirable even when the non-linear
income tax schedule is not optimal. Since this strong result is not so well known, and
since Kaplow’s proof strengthens the intuition for the Atkinson-Stiglitz theorem, it is
worth providing a sketch of his proof.7 Suppose each consumer has a utility function
of the separable form (28), with leisure x0 being equal to E – L, where E is the time 
endowment and L is labour time. An individual with the pre-tax wage rate w (reflec-
ting his exogenous productivity) maximises the utility function (28) subject to the
budget constraint

n

� (pi + ti) xi = wL – T (wL), (29)
i=1
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where pi is the (fixed) producer price of commodity i, ti is the tax rate on that commo-
dity, and T (wL) is the consumer’s labour income tax bill, given the non-linear tax
schedule T (·). With t denoting the vector of commodity tax rates, we may now in-
troduce the indirect sub-utility function V(t, T(wL), wL), defined as the value of sub-
utility v(x1,......, xn) maximised over all the commodities x1,......, xn, where the commo-
dity tax vector t, the income tax schedule T (wL), and pre-tax income wL are taken as
given. Note that the indirect sub-utility depends only on income, wL, but not on labour
supply L. This is a consequence of the separable utility function (28) which implies
that the marginal rate of substitution between any two commodities is independent of
the amount of labour.

Starting from an initial situation with differentiated commodity taxation (different
ad valorem tax rates) where there exists i, j such that (pi + ti) / (pj + tj) � pi / pj, con-
sider now a move towards a uniform commodity tax vector t* satisfying (pi + t*i ) / (pj +
t*j ) = pi / pj for all i, j. By going through the following steps, Kaplow (2006) shows that
this reform allows the government to generate a Pareto improvement. First, suppose
the government introduces a new nonlinear income tax schedule T* (wL) which has the
property that, at all income levels, the utility of all taxpayers will be the same after the 
reform as before the reform, provided they do not change their labour supply. If 
the pre-reform tax schedule is T (wL), the post-reform tax schedule will thus satisfy 
V (t,T(wL), wL) = V (t*, T* (wL), wL) for all wL, since in this case all taxpayers will then
also enjoy the same total utility U(E – L, V(·)) before and after the reform, assuming 
that their labour supply L does not change. And in fact no taxpayer will have any 
incentive to change his/her labour supply. The reason is that the adjustment of the in-
come tax schedule is undertaken for all income levels, so when a taxpayer with wage
rate w varies his labour supply, thereby varying wL, he will find that the equality 
V (t,T(wL), wL) = V (t*, T* (wL, wL) holds for all choices of L. Therefore, if Lo was the
optimal labour supply that maximised total utility U(E – L, V(·)) before the reform, it
must still be the optimal labour supply after the reform, given that the maximum at-
tainable subutility V(·) is unchanged for any choice of L.

The next step in the proof is to show that the move towards uniform commodity
taxation combined with the utility-preserving change in the income tax schedule will
generate an increase in government revenue. Suppose for a moment that taxpayers do
not respond to the change in relative commodity prices, continuing to consume the 
same amounts of each individual commodity as before. With an unchanged labour
supply in all income groups, the utility-preserving change in the income tax schedule
would then imply that the change in indirect tax payments would be exactly offset by
the change in income tax payments so as to leave real disposable incomes unchanged
at all income levels. As a consequence, total tax revenue would also be unchanged. In
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reality, consumers would, of course, react to the commodity tax reform and the ensuing
change in relative consumer prices by substituting towards those commodities that have
become relatively cheaper. Since this substitution can only make consumers better off, it
allows a further increase in the income tax bill at each income level without reducing
consumer utility below the pre-reform level. At the same time, the substitution across
commodities does not change the total revenue from indirect taxation, since all commo-
dities bear the same ad valorem tax rate after the reform. The utility-preserving reform
of direct and indirect taxation must, therefore, increase total public revenue, allowing
the government to create a Pareto improvement by distributing the extra revenue to all
taxpayers.

Although popular and important as a benchmark case, the assumption that preferen-
ces are separable in leisure and commodities is, of course, rather restrictive. Christian-
sen (1984) analysed which commodity taxes should supplement an optimal nonlinear
income tax when preferences are not separable. He found that a commodity should be
taxed (subsidised) if it is positively (negatively) related to leisure in the sense that more
(less) of the good is consumed if more leisure is obtained at a constant income. This 
result has the same flavour as the Corlett-Hague rule: the indirect tax system should
discourage the purchase of commodities that tend to be consumed jointly with leisure.
The intuition for Christiansen’s result follows directly from the intuition underlying
the Atkinson-Stiglitz theorem: by taxing complements to leisure, the government 
makes it less attractive for the more productive individuals (who must sacrifice less
leisure to earn a given amount of income) to mimic the income of the less productive
individuals, so in this way commodity taxes relax the incentive-compatibility con-
straints that restrict the government’s ability to redistribute income via the income tax.
Saez (2002b) has extended Christiansen’s analysis to a setting with heterogeneous
consumer tastes, showing that the optimal nonlinear labour income tax should be sup-
plemented not only by excises on commodities that are consumed jointly with leisure,
but also by taxes on commodities for which high-income earners tend to have a rela-
tively strong taste.

Further arguments for uniform indirect taxation
The empirical work by Browning and Meghir (1991), as well as casual observation,

strongly indicates that some commodities are better substitutes for leisure than others,
i.e. consumer preferences are in fact not weakly separable in leisure and commodities.
This would seem to call for a system of differentiated commodity taxes with the charac-
teristics suggested by Christiansen (1984) and Saez (2002b). A number of practical ar-
guments nevertheless speak in favour of uniform taxation.
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First of all, the government may simply lack the solid evidence on the compensated
cross-price elasticities with leisure that would be needed to implement the optimal dif-
ferentiation of commodity taxes. Second, a commodity tax system differentiated ac-
cording to the principles of optimal tax theory would require frequent changes in tax
rates in response to changes in tastes and technologies. This would introduce a poten-
tially welfare-reducing element of risk and uncertainty into the tax system. Third, a
uniform VAT is easier to administer and less susceptible to fraud than a VAT system
with several differentiated rates, since a uniform VAT does not require any borderlines
to be drawn between different categories of goods. Fourth, acceptance of differentiated
taxation as a general principle might invite special interest groups to lobby for low tax
rates on particular economic activities, so adherence to a principle of uniformity may
provide a stronger bulwark against wasteful lobbyism.

All of this suggests that uniformity should be the guiding principle for indirect taxa-
tion, except where consumption of specific commodities generates obvious externali-
ties that need to be corrected through high excises.8 However, recent contributions to
optimal tax theory by Kleven, Richter and Sørensen (2000)9 and Kleven (2004), al-
lowing for home production along with market production, have pointed to some spe-
cific areas where deviations from uniform taxation may be warranted.

Optimal indirect taxation with household production: a simple example
To illustrate the importance of home production for optimal taxation, suppose the

representative consumer produces services within the household (Sh) subject to the
concave household production function

Sh = h (H), h� > 0, h� < 0, (30)

where H denotes hours spent working in the home. Suppose further that services can
also be purchased in the market place so that total service consumption (S ) is the sum
of services bought in the market (Sm) and services produced at home:

S = Sm + Sh. (31)

If the consumer spends L hours working in the market and his total time endowment
is E=1, his consumption of leisure (� ) will be

� = 1 – L – H. (32)
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Apart from leisure and services, the consumer also consumes »goods« (G). For
concreteness, let utility be given by

U = U(�,v(G, S)) = ��(G� S1-�)1-a, 0 < a < 1, 0 < � < 1. (33)

Thus preferences are weakly separable in leisure and commodities, and the sub-
utility function G� S1-� is homothetic. As mentioned earlier, with such preferences
uniform commodity taxation would be optimal in the absence of home production, but
as we shall see, this conclusion no longer holds when home production is allowed for.

Without loss of generality we may assume that it takes one unit of market work to
produce one unit of each of the two commodities G and S. Choosing leisure as the nu-
meraire good (i.e. normalising the wage rate at unity) and assuming that labour is the
only factor of production, the producer prices of G and S will then both be equal to
one. With tG and tS denoting the unit commodity taxes imposed on G and S, respec-
tively, the consumer’s budget constraint therefore becomes

PGG + PSSm = L, PG = 1 + tG, PS = 1 + tS, (34)

where PG and PS are consumer prices, and L (= wL) is the consumer’s market income.
Using (30) through (32), we may rewrite (34) as

PGG + PSS + � = Y, Y � 1 + PSh (H) – H. (35)

The variable Y is the consumer’s »full income«, consisting of his potential market
income (=1) plus the »profit« from home production, PSh (H) – H. According to (35)
this full income may be spent on acquiring commodities or on »buying« leisure (by
abstaining from work).

The consumer maximises utility (33) subject to the budget constraint (35). The so-
lution to this problem can be shown to imply that

� = �Y, PGG = �(1 – �)Y, PSS = (1 – �)(1 – �)Y, (36)

h�
PSh�(H) = 1 ⇒ H = H(tS ), H� = – �� > 0. (37)

PSh�

According to (37) the consumer engages in home production until the resulting
marginal saving on services bought in the market, PSh�(H), equals the marginal op-
portunity cost of working at home rather than in the market (= w =1).  Since PS = 1 +
tS, we see that this behaviour implies that the time spent on home production rises with
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the tax rate imposed on services delivered from the market. Using the results in (37)
and recalling that Sh = h(H), we note that full income depends on tS in the following
way:

Y(tS ) � 1 + (1 + tS)h(H(tS )) – H(tS ), Y� = Sh. (38)

Inserting the solutions in (36) into the direct utility function (33), we obtain the in-
direct utility function

V = c · �(1 + tG )� (1 + tS )1-���-1
· Y(tS ), (39)

where c is a constant depending solely on the taste parameters � and �. We may now
prove that, starting from an initial situation with uniform taxation (tG = tS), the govern-
ment can increase welfare by moving towards a situation where tG > tS. We do so by
showing that if the government raises tG and lowers tS in a way that maintains constant
utility, it will earn additional revenue. Clearly the government will then be able to raise
consumer welfare by transferring the additional revenue back to the consumer. Diffe-
rentiating (39) and recalling from (38) that Y� = Sh, one finds that

PSSh – (1 – �)(1 – �)Y
dV = 0 ⇒ dtG = ����������	� · dtS. (40)

�(1 – �)Y

Note that since S = Sm + Sh and (1 – �)(1 – �)Y = PSS (cf. (36)), the numerator on
the right-hand side of (40) equals – PSSm, so as long as the consumer buys some servi-
ces from the market (Sm > 0), the maintenance of a constant utility level will indeed
require a rise in tG when tS is lowered.

Consider now how this utility-preserving perturbation of tax rates will affect go-
vernment revenue. Using (31) and inserting the consumer’s optimal demands for G
and S stated in (36), we may write total revenue as

R = tGG + tSSm = tGG + tG (S – Sh) =

tG tS�������+ (1 – �)������Y(tS ) – tSh(H(tS)), (41)
1 + tG 1 + tS

which may be differentiated to give
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�(1 – �)Y                 (1 – �)(1 – �)Y  t
dR = ���� · dtG + 	������� + �(1 – �)���	� – 1�Sh

(1 + t)2 (1 + t)2                                         1 + t

t
– ���	�H�
 · dtS, (42)

1 + t

where we have used (30), (37), (38) and the fact that tG = tS = t initially. Substituting
(40) into (42), we obtain:

t
dR = – ��	����Sh + H�(tS)� · dtS > 0 for dtS < 0. (43)

1 + t

Thus government revenue does in fact increase, enabling the government to raise
consumer welfare by recycling the extra revenue.10 Note that in the absence of home
production we would have Sh = H� = 0, so in that case there would be no revenue gain
and hence no welfare gain by deviating from uniform taxation, according to (43). In
the absence of home production our model thus reproduces the standard result that
uniform commodity taxation is optimal when preferences are separable in leisure and
commodities and utility is homothetic in commodities. But once home production is
allowed for, it follows from our analysis that commodities which can be produced at
home as well as in the market economy should be taxed more lightly than commodities
which cannot be produced within the household.

The practical importance of this result is that it is easy to think of commodities that
would be candidates for reduced taxation under this principle. For example, housing
repair and repair of other consumer durables, child care, cleaning and window-
cleaning, garden care, cooking etc. are all consumer services that can either be produ-
ced at home or be delivered from the market. According to the analysis above such ser-
vices should be taxed more lightly than, say, manufactured goods that cannot realisti-
cally be produced within the household.

Kleven, Richter and Sørensen (2000) show that this conclusion will almost surely
hold also when preferences are not separable and homothetic. In fact they find that
even if the consumer services which can be produced at home as well as in the market
might be complementary to leisure, it may still be optimal to impose a relatively low
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tax rate on these services. The intuition for this modification to the Corlett-Hague rule
is that a high tax on complements to leisure is not an efficient way of stimulating tax-
discouraged labour supply to the market if such a tax induces a shift from market pro-
duction to home production. The point is that the optimal tax system must minimise
the distortionary substitution away from market activities towards untaxed activities.
Taxes should distort the pattern of market activity as little as possible, and this calls for
lenient taxation of those market activities that can most easily be replaced by home
production. These activities would typically include the consumer services mentioned
above.

The analysis above uses a conventional specification of utility which abstracts from
the fact that consumption is a time-consuming activity. Kleven (2004) analyses opti-
mal commodity taxation in the generalised household production framework proposed
by Becker (1965) where all utility-generating consumption activities require the com-
bination of some good or service with household time spent on the act of consumption
(or on acquiring the commodity).11 In this framework households combine a »commo-
dity input« (the purchase of some good or service) with an input of time into utility-
generating household activities (termed »household production«). Kleven (op.cit.)
shows that the optimal commodity tax system imposes relatively high tax rates on
commodities whose consumption requires a large input of household time. In this way
the optimal tax system minimises the amount of time that is diverted from market
work to consumption activity within the household sector. Indeed, when all utility-
generating activities require a positive input of commodities as well as time, and when
all commodities can be taxed, Kleven finds that the optimal commodity tax rate on some
commodity j depends only (and inversely) on the ratio of the value of the commodity 
input to the sum of the values of the commodity input and the time input in the
consumption activity in which commodity j is used. In other words, it is not necessary
for policy makers to know all the compensated own price and cross price elasticities of
demand to implement the optimal tax system. In principle, all that is needed is a combi-
ned survey of consumption expenditures and household time allocation. This informa-
tion requirement is clearly less daunting than the information on compensated cross
price elasticities with leisure needed to implement the classical Ramsey tax rule.

According to Kleven’s analysis any type of consumption activity which requires little
time, or even saves time, should carry a relatively low tax rate. The types of consumer
services mentioned earlier in this section typically have this property: hiring somebody
in the market to supply a service rather than engaging in do-it-yourself activities saves
household time, so such services should be favoured by the tax system, just as implied
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by the analysis based on the more traditional model of household production presented
above.

It is interesting to note that several European countries have experimented with re-
duced rates of tax or direct subsidies to a number of labour-intensive services that are
easily substitutable for home-produced services, and the EU has recently allowed its
member states to apply reduced rates of VAT on such services. The contributions to
optimal tax theory discussed in this section suggest that there is indeed a rationale for
this policy, and the numerical simulations in Sørensen (1997) indicate that the effi-
ciency gains from reduced tax rates on this type of service could be significant.

3. Optimal taxation of income from capital
Should capital income be taxed?
The analysis of indirect taxation has important implications for the long-standing

debate on the taxation of income from capital. The fundamental issues in this debate
are whether capital income should be taxed at all, and if so, whether all returns to capi-
tal should be taxed at the same rate, i.e. whether capital income taxation should be
»neutral«?

The Atkinson-Stiglitz theorem discussed in Part 2 provides a useful starting point
for addressing the first issue: should we tax income from capital? Consider the stan-
dard life cycle model where the consumer supplies labour L during young age and
enjoys total consumption C1 and C2 during young and old age, respectively. Suppose
that labour income is subject to the nonlinear tax schedule T(wL), where w is the pre-
tax wage rate, and assume further that the return to capital (r) is taxed at the rate tr.
Denoting savings during young age by S, we may then write the consumer’s budget
constraints as

S = wL – T(wL) – C1, C2 = �1 + r(1 – tr)�S,
⇓

C2 
C1 + �	���		 = wL – T(wL) ⇔ C1 +

1 + r (1 – tr)

1                         rtr���	 + ���������C2 = wL – T(wL). (44)
1 + r      (1 – r)(1 + r(1 – tr))

As shown by the second term in the square bracket in (44), a capital income tax may
be seen as an excise tax on future consumption, since it raises the relative price of fu-
ture consumption above the level 1/(1 + r) that would prevail in the absence of capital
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income taxation. If we normalize the consumer’s time endowment at unity, his con-
sumption of leisure during young age is 1-L. Suppose now that his lifetime utility is 
given by

U = U(1 – L, C1, C2 ) = U(1 – L, v(C1, C2 )). (45)

These preferences are separable in leisure and consumption, so if we translate the
analysis of Atkinson and Stiglitz (1976) to an intertemporal setting, interpreting C1

and C2 as two different commodities, we may conclude that these two goods should be
uniformly taxed, given that the government can pursue its distributional goals via the
nonlinear labour income tax. This was also the conclusion reached by Ordover and
Phelps (1979) in an explicit overlapping generations setting, provided the government
can use debt policy or public investment to steer the capital stock towards its Golden
Rule level.

The policy relevance of this result is that, in the absence of firm knowledge about
the degree of substitutability or complementarity between leisure and consumption in
the two periods, a natural benchmark is to assume that present and future consumption
are equally substitutable for leisure. As we have just seen, the marginal effective tax
rate on capital income should then be set to zero. In practice this could be achieved by
exempting capital income from tax, or by introducing a cash flow expenditure tax which
is known to imply a zero marginal effective capital income tax rate (when the tax rate is
constant over time).

However, as argued by Erosa and Gervais (2002), the leisure taken by the typical
consumer does in fact tend to increase with age, suggesting that leisure and future
consumption are complements. In that case the theory of optimal commodity taxation
suggests that a positive capital income tax could be part of an optimal tax system, as-
suming that the life cycle model provides an adequate description of intertemporal
consumer behaviour.

An alternative vision of consumer behaviour is embodied in the popular infinite ho-
rizon model originally suggested by Ramsey (1928) and usually defended by the as-
sumption that generations are linked via an altruistic bequest motive so that consumers
effectively behave as if they had an infinite horizon. Within this framework Chamley
(1986) and Judd (1985) found that the optimal steady state tax rate on capital income
is zero even if the alternative to capital income taxation is a distortionary labour income
tax. One way of explaining this result is to note that in the Ramsey model the steady-
state after-tax interest rate is closely tied to the consumer’s exogenous utility discount
rate. With a constant long-run equilibrium after-tax interest rate, a capital income tax
gets fully shifted onto the pre-tax interest rate, i.e. the supply of capital is in effect in-
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finitely elastic in the long run. Clearly it is not optimal to tax a factor with an infinite
elasticity of supply. Further, regardless of the relevance of the Ramsey infinite horizon
model, a small open economy with perfect capital mobility also faces an infinitely ela-
stic supply of capital from the world capital market and hence should levy no source-
based taxes on capital, as argued by Razin and Sadka (1991).

However, for a number of reasons discussed at length in Sørensen (2007a), the re-
sult that the optimal capital income tax rate is zero is not robust. For example, if pure
profits cannot be fully taxed away, a source-based capital income tax may be a second-
best means of taxing location-specific rents generated by domestic economic activity,
see Stiglitz and Dasgupta (1971) and Huizinga and Nielsen (1997). The source-based
corporate income tax may also be a necessary backstop to the personal income tax,
since otherwise income could be accumulated free of tax in the corporate sector.
Further, political constraints on the use of other sources of revenue may simply force
the government to rely, to some extent, on the revenue from capital income taxes.

Should capital income taxes be neutral?
It is usually argued that a capital income tax should be neutral in the sense that all

returns to capital should face the same marginal effective tax rate. In other words, ca-
pital income taxes should not be differentiated across different sectors or economic
activities. This may be seen as an application of the famous production efficiency
theorem of Diamond and Mirrlees (1971) which says that the second-best optimal tax
system avoids production distortions provided the government can tax away pure pro-
fits and can tax all transactions between households and firms.

In an open economy production efficiency requires that the government can tax all
returns to capital received by domestic residents from foreign as well as domestic sour-
ces. But enforcing a residence-based tax on worldwide income requires an effective 
system of information exchange between national tax administrations, and such a sy-
stem does not exist in practice, not even in the European Union.12 Tax administrators
therefore find it hard to monitor the taxpayers’ foreign source capital income, so in prac-
tice capital income taxes tend to be source-based. The domestic capital income tax thus
becomes a selective tax on domestic investment as opposed to investment abroad. 
This violates the assumptions underlying the Diamond-Mirrlees production efficiency
theorem and hence there is no longer any presumption that all domestic activities should
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face the same marginal effective capital income tax rate. Instead, there is a case for dif-
ferentiating the capital income tax in accordance with Ramsey principles.

A Ramsey rule for optimal source-based capital income taxation
To see this, consider a small open economy where total output Y is given by the sum

of the outputs Y1 and Y2 from two production sectors using capital inputs K1 and K2

plus a fixed factor.13 The outputs are given by the concave production functions

Y1 = f(K1), f � > 0, f � < 0, Y2 = F(K2 ), F� > 0, F� < 0. (46)

Capital is perfectly mobile across borders, and investors can earn a fixed after-tax
return r by investing abroad. If ti is the unit tax on capital invested in domestic sector i,
the marginal pre-tax return on investment in that sector must therefore equal r + ti to
ensure an after-tax return equal to that obtainable by investing abroad. Hence we have
the capital market equilibrium conditions

f�(K1) = r + t1, F�(K2 ) = r + t2, (47)

which imply that the capital stocks invested in the two sectors vary negatively with the
cost of capital:

1                                                                     1
K1 = K1(r + t1), K�1 = �	 < 0, K2 = K2(r + t2 ), K�2 = �	 < 0. (48)

f �                                                                    F�

Assuming a given national wealth endowment K
–
, the amount of domestically-owned

capital invested abroad is K
– 

– K1 – K2, so total national income is

Y = Y1 + Y2 + r(K – K1 – K2 )
(49)

= f(K1(r + t1 )) + F(K2(r + t2 )) + r �K– – K1(r + t1 ) – K2(r + t2 )�.

The optimal tax system maximises national income (49) with respect to t1 and t2
subject to the constraint that the government must raise a given amount of revenue R:

t1 · K1(r + t1) + t2 · K2(r + t2 ) = R. (50)
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The solution to this problem can be written in either of the following ways:

dKi ti
�1 = �2, �i � �� 		�, i = 1,2 (51)

dti Ki

ti � dKi r + ti
��� = 		�, �i � – ���� 		��, i = 1,2. (52)
r + ti �i d(r + ti) Ki

Equation (51) is a Ramsey rule for optimal capital taxation stating that, at the mar-
gin, the tax system should cause the same relative reduction of investment in the diffe-
rent production sectors. In general, this rule calls for differentiated capital taxation since
the elasticity of capital demand with respect to the tax rate (�i) will generally differ
across sectors. The optimal degree of tax differentiation is given by the inverse elasti-
city rule (52) where � is the shadow price of public funds. This rule says that the mar-
ginal effective capital income tax rate ti / (r + ti) on a given sector should be inversely
proportional to that sector’s elasticity of capital demand with respect to the cost of ca-
pital (�i). Obviously this policy rule is analogous to Ramsey’s famous inverse elastici-
ty rule for optimal commodity taxation.

If production functions take the constant-elasticity forms Y1 = AK�
1 , 0 < � < 1, and

Y2 = BK�
2 , 0 < � <1, it follows from (47) that �1 = 1/(1 – �) and �2 = 1/(1 – �), im-

plying that the optimal relative tax rates given by (52) become

t1 / (r + t1)       1 – �
����� = ��� (53)
t2 / (r + t2 )        1 – �

In competitive markets the parameters � and � are equal to the capital income shares
of total sectoral income which can be estimated from the national income accounts.
We see that the more capital-intensive sector (measured by the capital income share)
should carry a lower relative tax rate.

Optimal capital taxation and capital mobility
With the constant elasticity production functions assumed above, the solutions for

capital stocks given in (48) take the form

r + t1 
1
� r + t2

1
�

K1 = �	�����-1 , K2 = �	�����-1 , (54)�                                                           �

so that the tax elasticities in (51) become

NATIONALØKONOMISK TIDSSKRIFT 2010. NR. 2239



1 t1                                                                 1 t2�1 = – �	�����	���� , �2 = – �	�����	���� . (55)
1– �            r + t1                                                       1– �            r + t2

From (54) it follows that a higher tax rate on one sector does not channel more capi-
tal into the other domestic sector. Hence the elasticities in (55) arise only from the in-
ternational mobility of capital. We see that the greater the capital intensity of produc-
tion (measured by the size of � and �), the larger is the capital outflow generated by a
given tax rate, so the lower is the optimal sectoral tax rate.

This is consistent with the observation that governments often tend to offer relative-
ly generous tax treatment of activities that are perceived to be particularly mobile
across borders. For example, in practically all countries the shipping industry benefits
from large tax concessions. Firms in this sector are indeed highly capital intensive and
internationally mobile, in accordance with the analysis above.

It should be stressed once again that, in the model framework described here, the
optimal policy for the world as a whole would be a system of automatic international
information exchange enabling governments to enforce a uniform residence-based ca-
pital income tax that would preserve production efficiency. But in the absence of the
worldwide co-operation needed to implement such a regime, governments are exposed
to the forces of international tax competition unleashed by source-based taxation.
From a national perspective standard Ramsey principles familiar from the theory of
optimal commodity taxation may then provide a rationale for differentiated capital in-
come taxation in order to minimise distortions to the domestic pattern of investment.

As in the case of indirect taxation, administrative and political economy concerns
suggest that tax economists should be cautious when advising departures from uni-
form capital income taxation. For example, extensive differentiation of capital income
tax rates would invite tax avoidance through transfer-pricing within groups of affilia-
ted companies. The work of Auerbach (1989) also indicates that the efficiency gains
from an optimal system of differentiated capital income taxes may generally be small.
The analysis in this paper nevertheless suggests that in the case of highly mobile acti-
vities, deviations from »neutrality« may be warranted from a national perspective as
long as national governments cannot effectively coordinate their tax policies.

4. Concluding remarks
This paper has offered some examples from the recent literature on optimal taxation

in the hope of convincing the reader that this body of theory can, in fact, offer useful
guidance for practical tax policy. The first part of the paper illustrated how an optimal
non-linear labour income tax schedule may be derived from estimates of labour supply
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elasticities on the intensive and the extensive margin combined with data on the wage
distribution plus assumptions on the relative marginal social evaluation of income for
different income groups. 

The second part of the paper dealt with the optimal design of indirect taxes. We no-
ted that governments typically lack the information on cross-price elasticities with
leisure needed to implement the differentiated commodity taxes prescribed by conven-
tional optimal tax theory. This fact, combined with administrative and political econo-
my considerations, suggests that uniform taxation should be the main guideline for in-
direct taxation. However, based on recent analyses of optimal taxation with household
production, we argued that certain consumer services that can easily be produced as a
do-it-yourself activity within the household should probably be subject to relatively
low indirect tax rates in order to distort the pattern of market activities as little as pos-
sible.

The third part of the paper discussed the optimal taxation of income from capital,
focusing on the issue of whether capital income taxes should be »neutral«, i.e. uniform
across all types of investment. We found that neutral taxation should indeed be the
norm if international information exchange enables governments to enforce residence-
based capital income taxation. However, in the absence of an effective system of auto-
matic information exchange, governments are typically forced to rely on source-based
taxes on capital that discourage domestic investment as opposed to investment abroad.
In that case the optimal system of capital income taxation secures an equal proportio-
nal reduction of investment in the different domestic production sectors. This principle
generally calls for differentiated taxation in accordance with a Ramsey-type rule re-
quiring that the marginal effective tax rate on capital income from a given sector be 
inversely proportional to that sector’s elasticity of capital demand with respect to the
cost of capital. We also saw that the elasticity of capital demand reflects the degree to
which domestic taxation induces a capital export, so the Ramsey rule for optimal capital
income taxation provides a rationale for relatively low capital tax rates on activities that
are highly mobile across borders.

The recent advances in the theory of optimal labour income taxation have made that
theory much more operational. As we explained in Section 1, the optimal labour in-
come tax schedule is partly determined by the elasticities of taxable income for the va-
rious income groups. In recent years a large number of empirical studies have provi-
ded estimates of these elasticities for various countries.14 The research by Emmanuel
Saez surveyed in Section 1 has also highlighted how the labour force participation ela-
sticities of the different income groups influence the optimal labour income tax sche-
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dule. While there is still considerable uncertainty regarding the size of these elasticities,
many recent empirical studies indicate that they could be quite large at the bottom of
the income distribution. As we have seen, modern optimal tax theory would then sug-
gest that some form of Earned Income Tax Credit or similar in-work benefits are part
of an optimal tax system. Recent theoretical and empirical research on tax policy may
thus help to explain why policies of »making work pay« have become increasingly po-
pular in OECD countries during the last decades.

Some countries, including Finland, Sweden and several other EU member states, 
have also introduced tax benefits or subsidies to certain labour-intensive services com-
peting directly with household and »underground« production. As our survey has
shown, recent contributions to the theory of optimal indirect taxation suggest that there
is indeed a rationale for this type of policy. Similarly, we saw how optimal tax theory 
could help to explain why national governments often find ways to reduce the effective
capital income tax rates on investments that are particularly mobile internationally. At
the same time the theory also provides a rationale for international co-operation by
showing how countries could gain from an international exchange of information that
would allow them to implement a neutral uniform capital income tax on domestic and
foreign investment.

In summary, recent developments in the theory of optimal taxation have moved that
body of theory closer to the real world of policy-making.

SÆRTRYK – THE THEORY OF OPTIMAL TAXATION: NEW DEVELOPMENTS AND POLICY RELEVANCE 242

Literature
Atkinson, A. B. and J. Stiglitz. 1976. The de-

sign of tax structure: direct versus indirect
taxation. Journal of Public Economics 6,
55-75.

Atkinson, A. B. and J. Stiglitz. 1980. Lectures
on Public Economics. New York:
McGraw- Hill.

Auerbach, A. J. 1989. The deadweight loss
from »non-neutral« capital income taxa-
tion. Journal of Public Economics 40, 1-36.

Becker, G. S. 1965. A theory of the allocation
of time. Economic Journal 75, 493-517.

Boadway, R. and F. Gahvari. 2006. Optimal
taxation with consumption time as a lei-
sure or labor substitute. Journal of Public
Economics 90, 1851-78.

Boone, J. and A. L. Bovenberg. 2004. The op-
timal taxation of unskilled labor with job
search and social assistance. Journal of
Public Economics 88, 2227-58.

Browning, M. and C. Meghir. 1991. The ef-
fects of male and female labour supply on
commodity demands. Econometrica 51,
925-51.

Christiansen, V. (1984). Which commodity
taxes should supplement the income tax?
Journal of Public Economics 24, 195-220.

Chamley, C. 1986. Optimal taxation of capital
income in general equilibrium with infinite
lives. Econometrica 54, 607-22.

Corlett, W. J. and D. C. Hague. 1953. Com-
plementarity and the excess burden of
taxation. Review of Economic Studies 21,
21-30.

Creedy, J. 2009. The personal income tax
structure: theory and policy. Paper presen-
ted at the conference on New Zealand Tax
Reform – Where to Next? at the Victoria
University of Wellington, 11-13 February,
2009.



NATIONALØKONOMISK TIDSSKRIFT 2010. NR. 2243

Diamond, P. A. 1975. A many-person Ramsey
tax rule. Journal of Public Economics 4,
335-42.

Diamond, P. A. 1998. Optimal income taxa-
tion: an example with a U-shaped pattern
of optimal marginal tax rates. American
Economic Review 88, 83-95.

Diamond, P. A. and J. A. Mirrlees. 1971. Op-
timal taxation and public production (I).
American Economic Review 61, 8-27.

Edgeworth, F. Y. 1897. The pure theory of
taxation. Economic Journal 7, 550-71.

Erosa, A. and M. Gervais. 2002. Optimal taxa-
tion in life-cycle economies. Journal of
Economic Theory 105, 338-69.

European Commission. 2008. Report from the
Commission to the Council, COM (2008)
552 final.

Harberger, A. C. (1962). The incidence of the
corporation tax. Journal of Political Eco-
nomy 70, 215-40.

Heckman, J. J. 1993. What has been learned
about labor supply in the past twenty
years? American Economic Review (AEA
Papers and Proceedings) 83, 116-21.

Hosios, A. 1990. On the efficiency of match-
ing and related models of search and
unemployment. Review of Economic Stu-
dies 57, 279-98.

Huizinga, H. and S. B. Nielsen. 1997. Capital
income and profits taxation with foreign
ownership of firms. Journal of Internatio-
nal Economics 42, 149-65.

Hungerbühler, M., E. Lehmann, A. Parmen-
tier and B. van der Linden. 2006. Optimal
redistributive taxation in a search equili-
brium model. Review of Economic Studies
73, 743-67.

Judd, K. 1985. Redistributive taxation in a
simple perfect foresight model. Journal of
Public Economics 28, 59-83.

Kaplow, L. 2006. On the undesirability of
commodity taxation even when income
taxation is not optimal. Journal of Public
Economics 90, 1235-50.

Kaplow, L. 2008. The Theory of Taxation and
Public Economics. Princeton and Oxford:
Princeton University Press.

Kleven, H. J. 2004. Optimum taxation and the
allocation of time. Journal of Public Eco-
nomics 88, 545-57.

Kleven, H. J., W. Richter and P. B. Sørensen.
2000. Optimal taxation with household
production. Oxford Economic Papers 52,
584-94.

Kleven, H. J. and E. A. Schultz. 2009. Esti-
mating taxable income responses using
Danish tax reforms. Working paper,
March 2009.

Laroque, G. 2005. Indirect taxation is super-
fluous under separability and taste homo-
geneity: A simple proof. Economics Let-
ters 87, 141-44.

McCulloch, J. R. 1845. A Treatise on the
Principles and Practical Influence of
Taxation and the Funding System. (Edited
with introduction of D. P. O’Brien, 1975).
London: Longman.

Mirrlees, J. A. 1971. An exploration in the
theory of optimum income taxation. Re-
view of Economic Studies 38, 175-208.

O’Brien, D. P. 2009. Introduction. In Taxation
and the Promotion of Human Happiness:
An Essay by George Warde Norman 
(Edited by D. P. O’Brien with J. Creedy).
Cheltenham: Edward Elgar.

Ordover, J. and E. Phelps. 1979. The concept
of optimal taxation in the overlapping ge-
nerations model of capital and wealth.
Journal of Public Economics 12, 1-26.

Petersen, L. B. 2007. Velfærdsvægte for for-
skellige indkomstgrupper i Danmark.

Nationaløkonomisk Tidsskrift (Danish Jour-
nal of Economics) 145, 265-87.

Piketty, T. 1997. La redistribution fiscale face
au chômage. Revue Francaise d’Econo-
mie, 12, 157-201.

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

Ramsey, F. 1928. A mathematical theory of
saving. Economic Journal, 38, 543-59.

Razin, A. and E. Sadka (1991). International
tax competition and gains from tax harmo-
nization. Economics Letters 37, 69-76.

Revesz, J. T. 1989. The optimal taxation of la-
bour income. Public Finance 44, 53-475.

Roberts, K. 2000. A reconsideration of the op-
timal income tax. In Hammond, P. J. and
Myles, G. D. (eds.), Incentives and Orga-
nization: Essays in Honour of Sir James
Mirrlees. Oxford: Oxford University
Press.



SÆRTRYK – THE THEORY OF OPTIMAL TAXATION: NEW DEVELOPMENTS AND POLICY RELEVANCE 244

Sadka, E. 1977. A theorem on uniform com-
modity taxation. Journal of Public Econo-
mics 7, 387-91.

Saez, E. 2001. Using elasticities to derive op-
timal income tax rates. Review of Econo-
mic Studies 68, 205-29.

Saez, E. 2002a. Optimal income transfer pro-
grams: intensive versus extensive labour
supply responses. The Quarterly Journal
of Economics 117, 1039-73.

Saez, E. 2002b. The desirability of commo-
dity taxation under non-linear income
taxation and heterogeneous tastes. Journal
of Public Economics 83, 217-30.

Sandmo, A. 1974. A note on the structure of
optimal taxation. American Economic Re-
view 64, 701-06.

Sandmo, A. 1975. Optimal taxation in the pre-
sence of externalities. Swedish Journal of
Economics 77, 86-98.

Sandmo, A. 1983. Progressive taxation, redi-
stribution and labor supply. Scandinavian
Journal of Economics 85, 311-23.

Sandmo, A. 1990. Tax distortions and house-
hold production. Oxford Economic Papers
42, 78-90.

Spadaro, A. 2008. Optimal taxation, social
contract and the four worlds of welfare 
capitalism. Paris School of Economics,
Working Paper No. 2008-38.

Stiglitz, J. and P. Dasgupta. 1971. Differential
taxation, public goods, and economic ef-
ficiency. Review of Economic Studies 38,
151-74.

Sørensen, P. B. 1997. Public finance solutions
to the European unemployment problem?
Economic Policy 25, 223-64.

Sørensen, P. B. 1999. Optimal tax progres-
sivity in imperfect labour markets. Labour
Economics 6, 435-52.

Sørensen, P. B. 2007a. Can capital income
taxes survive? And should they? CESifo
Economic Studies 53, 172-228.

Sørensen, P. B. 2007b. The theory of optimal
taxation: what is the policy relevance? 
International Tax and Public Finance 14,
383-406.

Tuomala, M. 1984. On the optimal income
taxation: some further numerical results.
Journal of Public Economics 23, 351-66.



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /All
  /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 /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /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 false
  /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

  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000500044004600206587686353ef901a8fc7684c976262535370673a548c002000700072006f006f00660065007200208fdb884c9ad88d2891cf62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef653ef5728684c9762537088686a5f548c002000700072006f006f00660065007200204e0a73725f979ad854c18cea7684521753706548679c300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA <>
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020b370c2a4d06cd0d10020d504b9b0d1300020bc0f0020ad50c815ae30c5d0c11c0020ace0d488c9c8b85c0020c778c1c4d560002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken voor kwaliteitsafdrukken op desktopprinters en proofers. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU (Use these settings to create Adobe PDF documents for quality printing on desktop printers and proofers.  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 /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /NA
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles true
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /NA
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /LeaveUntagged
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


