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Labor and Capital Taxation

with Public Inputs as
Common Property

James P. Feehan
Memorial University of Newfoundland, Canada

Raymond G. Batina
Washington State University

The services of many public inputs (e.g., dams, irrigation systems, and
highways) are provided to private firms on a free-access basis. If these

services enter constant-returns-to-scale production functions then there
are decreasing returns to scale in the private factors. Thus a change in
the amount of a public input gives rise to positive rent or economic
profit in the first instance. The authors extend the literature by recogniz-

ing that this rent cannot be an equilibrium phenomenon. Private agents
will engage in rent-seeking that will ultimately lead to dissipation. This
makes a public input equivalent to a common property resource, which,

in the absence of the appropriate price or quantity rationing, gives rise
to inefficiency. Using a model with capital and labor as private inputs,
the authors show it is optimal to tax capital even though a labor tax is

available and capital is internationally mobile. Production efficiency
also holds since our policy supports the first-best equilibrium despite
decreasing returns to scale in private inputs.

Keywords: common property; rent-dissipation; taxation of capital; pro-
duction efficiency

1. Introduction

Public inputs such as basic scientific research and public infrastructure

are generally recognized as enhancing an economy’s production possibili-

ties for private goods.1 This is succinctly captured by a production func-

tion where the output of a private good is a function of private inputs and

a public input. Two important cases of public inputs have been the focus

of much recent research.2 Some researchers have considered the case

where there are constant returns to scale (CRS) in private inputs alone. A
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proportionate increase in private inputs leads to a proportionate increase

in the output of a private good in this case, without need for greater provi-

sion of any public inputs. Romer (1986), Barro (1990), and more recently,

Haughwout (2002) and Feehan and Matsumoto (2000, 2002) provide exam-

ples. Following the terminology of Meade (1952), such public inputs are

often described as "atmospheric" but have also been termed as pure or

factor-augmenting in the more recent literature.

The second case, which is the subject of this article, arises when there

is CRS in all inputs including the public input. An equiproportionate

increase in private inputs requires a similar increase in the public input to

increase output of the private good in the same proportion. Public inputs

of this type are typically referred to as unpaid factors, and, unlike atmo-

spheric public inputs, are subject to congestion in use; that is, there are

decreasing returns (DRS) in private inputs.

Abstracting from public inputs, it is well known that DRS is proble-

matic for production efficiency because DRS gives rise to economic prof-

its that must be taxed away to allow production efficiency.3 Stiglitz and

Dasgupta (1971) and Munk (1980) made some important early contribu-

tions on DRS, profits, and their impact on the optimal tax design and pro-

duction efficiency. A more recent strand of that literature has considered

DRS when capital is the sole input and it is mobile across jurisdictions.

Huizinga and Nielson (1997) study the optimal taxation of capital when

there are profits and foreign ownership of domestic firms in a model of a

small, open economy. Source-based capital taxes are suboptimal when

profits are fully taxed. However, source-based taxes are appropriate when

profits are not fully taxed and are increasing in foreign ownership. Keen

and Kotsogiannis (2002, 2004) study horizontal and vertical tax competi-

tion, and derive conditions under which one dominates the other when

profits are taxed and when they are not. They also show that, regardless of

which one dominates, adding more locations, thus increasing competition,

actually exacerbates both problems.

Turning to the literature in which there is a public input and DRS in

private inputs, an important early contribution was made by Pestieau

(1976). Assuming a fixed number of firms, he allowed profits to accrue to
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the firm-owners in equilibrium, and investigated the design of commodity

taxes and the rule for provision of the public input when profits could not

be completely taxed away. Keen and Marchand (1997) study the optimal

composition of government spending in a model of tax competition in

which there is also a public input and DRS in private inputs. They assume

that positive economic profits are realized in equilibrium but that there is a

limitation on use of profit taxes. They find that tax competition leads to a

bias in spending toward productive public inputs and away from public

goods that confer consumption benefits. More recently, Dahlby and Wilson

(2003) study vertical fiscal externalities using a model in which there is a

public input and DRS in labor, the sole private input. They consider the

case where a local government and a federal government share a tax base

that includes labor income and profit income.

In this article, we take a different tact from the DRS-public input litera-

ture cited above. We do not assume that there are a fixed number of firms

and other restrictions that allow profits to be realized in equilibrium.

Rather, following Boadway (1973) and Henderson (1974), we recognize

that such profits will be sought after by economic agents. If a public input

of the unpaid-factor variety is made freely available, it will initially gener-

ate economic profit but such profit cannot persist. Firms, both existing and

new entrants attracted by profits, will hire more of the private inputs or

factors to capture those profits. This will continue until any potential

economic profit is exhausted. The result, as predicted by Henderson

(1974), is an inefficient use of private inputs, just as in the case of a

common property resource.4 It also means that a profits tax, by itself, is

ineffective since it raises no revenue.

We also study the optimal factor taxes needed to finance spending on

the public input. We show that it is optimal to tax both capital and labor,

even when capital is perfectly mobile internationally. The taxes raise rev-

enue to finance the public input, and they also serve a Pigovian purpose in

providing firms with an incentive to hire factors efficiently at the margin,

thereby alleviating the ‘‘commons’’ problem. We also show that produc-

tion efficiency prevails once the optimal taxes are imposed.

It is, of course, an empirical issue as to whether a particular public

input is of one type or the other. Some public inputs are atmospheric, in

the sense of Meade (1952). For instance, agricultural research and devel-

opment (R&D) is likely to be a pure public input. Doubling private factors

employed in the agricultural sector, with the same level of R&D, is likely

to lead to a doubling of agricultural output. On the other hand, many forms

of public services to industry (e.g., public infrastructure) are akin to
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unpaid factors, especially when congestion occurs.5 Rationing these ser-

vices on a per-firm basis or charging user fees for them is often difficult or

not feasible, making the case studied in this article of some importance.

In the next section, we make the case that an unpaid factor type of pub-

lic input is equivalent to a common property resource. In section 3 we

explore the issue of optimal factor-tax financing in a standard two-factor

model, taking explicit account of the common-property attribute of the

public input. We show that both private inputs, labor and capital, must be

taxed even though capital is perfectly mobile internationally. We also

show that production efficiency will hold when the optimal taxes are

imposed. Section 4 concludes the article.

2. A Public Input As Common Property

2.1. Rent Dissipation With One Private Factor

To set the stage for the discussion, it is convenient to briefly recall the

commons problem. Consider the simple context in which there is just one

final commodity, the quantity of which is denoted by Y . It is produced

with one primary input, labor, and a common-property resource, the quan-

tities of which are denoted by L and G, respectively. Assume that produc-

tion function F( ) is linearly homogeneous in both inputs so Y =FðL, GÞ.
By Euler’s theorem it follows that Y =FLL+FGG, where subscripts

denote partial derivatives so FLðFGÞ is the marginal product of labor (the

common-property resource). Both marginal products are positive, with

FLL < 0, FGG < 0; and FGL > 0. Firms, facing an output price P (normal-

ized to unity) and a wage w for labor choose L, given an exogenous

amount of G.

In this setting, efficiency requires that labor be hired up to where

FL =w. However, with free access to G, this condition cannot be realized.

Recalling the Euler relation, at the efficient level of employment profit is

Y −wL=FLL+FGG−wL=FGG> 0. This profit will lead to more entry

and increasing output. The outcome is that firms will hire up to the aver-

age product of labor (APL) equals the wage. Thus,

FL +FGG=L=w, ð1Þ

where FGG=L is the contribution of the resource to output expressed on a

per-worker basis. Thus, an excess amount of labor is hired. This result

occurs up to where profit is eliminated, or Y −wL=FLL+FGG−
wL= 0, which results from the increased employment of labor and an
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increased wage if the supply of labor is not perfectly elastic. This is the

standard commons equilibrium.

It is also usual to assume that the APL is decreasing in L and increasing

in G, so that qðFL +FGG=LÞ=qL≡FLL −FGG=L2 +FGLG=L< 0 and

qðFL +FGG=LÞ=qG≡FLG +FG=L+FGGG=L> 0.6 In light of the concav-

ity properties of the production function, these widely accepted assumptions

are not onerous.

2.2. Rent Dissipation With Two Private Factors

Next, consider how to extend the preceding results to a setting in which

there are two primary factors of production. Output is now given by

Y =FðL;K;GÞ, where K is private capital. Other than including that addi-

tional input, the production function is assumed to have the same charac-

teristics as before: linear homogeneity in all inputs, positive decreasing

marginal products, and so on.

There is an exogenous amount of G available on a free-access basis.

Therefore, at a given wage w and rental r for capital, firms will hire the

two primary factors in a cost-minimizing fashion. Since the production

function is homogeneous, the capital-labor ratio will be determined solely

by the wage-rental ratio.7 Consequently, the share of total income accru-

ing to labor, S=wL=ðwL+ rKÞ, is determined and is solely a function

of the capital-labor ratio. A similar result holds for capital’s share, 1− S.

Hence, the share of the contribution to output from the public input, FGG,

that goes to labor income must be S, with (1− S) going to capital income.

Thus, at the zero-profit equilibrium, the following conditions hold:

FL + SFGG=L=w, ð2Þ

and

FK + ð1− SÞFGG=K = r: ð3Þ

Note that, if labor is the only primary factor, then S ¼ 1 and equations (2)

and (3) reduce to the standard one-factor result as given by (1) where labor

would be hired up to where its average product equals the wage. Also recall

from the one-factor case that the average product of labor decreases with L

and increases with G. Letting the left-hand-sides of (2) and (3) be denoted

by B and Z, respectively, the parallel assumptions for the two-factor case are

BL < 0, BG > 0, ZK < 0 and ZG > 0. Moreover, we now have the cross-

effects of BK and ZL, both of which are assumed to take positive values.

(Expressions for these terms are derived in Appendix A for later discussion.)
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To elucidate the two-factor equilibrium, it is useful to consider a speci-

fic case. Consider, a Cobb-Douglas production function of the form

Y =AKaLbGð1− a−bÞ. The efficient choices of capital and labor are

found by equating each factor’s price with the corresponding values of its

marginal product. Those quantities are given by:

L∗ =G½Aða=rÞaðb=wÞð1− aÞ�1=ð1− a− bÞ
, ð4aÞ

and

K∗ =G½Aða=rÞð1− bÞðb=wÞb�1=ð1− a− bÞ
, ð4bÞ

which yield a rent of Y −wL− rK = ð1− a−bÞG½Aða=rÞa
ðb=wÞb]1=ð1− a− bÞ> 0. Consider instead the zero-profit outcome. Facing

the same factor prices, firms would continue to choose the same capital-

labor ratio as in the efficient case but would hire more capital and labor in

an, ultimately fruitless, effort to capture profits. Those rent-dissipating

employment levels are given by

L∗∗ = ½1=ðaþ bÞ�1=ð1− a− bÞL∗, ð5aÞ

and

K∗∗ = ½1=ða+ bÞ�1=ð1−a− bÞK�: ð5bÞ

Since ½1=ða+ bÞ�1=ð1− a−bÞ
> 1, one can confirm that K��>K� and

L��>L�. Evaluating the marginal products, FL;FK , and FG, at L�� and

K��, and noting that S= b=ða+ bÞ, one may also substitute into the left-

hand sides of (2) and (3) to confirm their equality with the factor prices.

As demonstrated above, in the Cobb-Douglas case, S is a constant.

This is not the case with other homogeneous production functions. For

instance, consider a function characterized by constant elasticity of

substitution, Y =A½aK −Z + bL−Z + ð1− a− bÞG−Z�ð−1=ZÞ
, where Z is

the elasticity of substitution. From the first-order conditions for cost mini-

mization, it follows that labor’s share of total factor income is given by

S= b=½aðkÞ−Z + b�, where k =K=L is the capital-labor ratio. Thus, in

general, S= SðkÞ for homogeneous production technologies.8 It then fol-

lows that SK = Sk=L, SL =−kSk=L and thus SL =−kSK .

Finally, reinterpret G as the quantity of a public input, available to pri-

vate industry without charge or rationing. Firms will treat it just like any

other common property resource. It is different from such a resource in

that it is produced at a cost and its quantity is determined by public spend-

ing policy, but that difference is irrelevant to firms’ behavior once it is

made available.
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2.3. Implications

The policy implications of free access to a public input are substantial

and are analogous to those of a common property resource. The argument

that profit-seeking firms will increase their use of private inputs to capture

rents from a public input helps explain why there is increasing congestion

on roads, highways, bridges, and airports, and why there are requests for

more capacity to be added to these and other public facilities.

Starting in an equilibrium position, an increase in the public input will

initially lead to economic profit when the public input is of the unpaid fac-

tor type. Firms react by increasing their demands for primary inputs,

resulting in more employment of those factors and/or higher factor prices.

This will continue up to where factor payments once again exhaust firms’

revenue. Thus, building new infrastructure, for example, will not necessa-

rily solve the problem of congestion, or the perceived inadequate level of

infrastructure, in the long run. Even if it does ‘‘solve’’ the congestion

problem, it is an inefficient solution since the level of public input would

be excessive.

A first-best approach for achieving efficiency is to charge each firm for

its utilization of the public input according to the value of its marginal

product to the firm, as in Sandmo (1972), which is also the standard solu-

tion to the problem of the commons. No rent would be available and firms

would revert to hiring the primary factors according to the usual condi-

tions that equate the value of marginal product to the appropriate factor

price. This option, however, may be difficult to implement in many cases

since exclusion may be either impossible or prohibitively costly. Alterna-

tively, to achieve a first-best outcome, the authorities could ration fixed

amounts of the public input to a fixed number of firms, which is analogous

to an individual quota system in a fishery. Firms would then realize profits

in equilibrium. Such rents would also provide an attractive tax source for

raising funds to finance the public input. Again, however, for many types

of public inputs, rationing in this fashion is not practical.

According to the Coase Theorem, in the absence of any government

rationing, firms themselves have an incentive to cooperate to realize and

share the potential rent. Yet, despite that potential benefit, if there are a

large number of firms in the industry or if there is free entry, then the

chances of the firms cooperating would be severely limited.

Thus, the authorities not only have to provide the public input but also

must deal with the consequent commons problem. Without some rationing

mechanism, rent-seeking factor allocation occurs, and the economy fails
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to achieve the first-best equilibrium even if a lump-sum tax or a profits tax

is available. Other methods and revenue-raising instruments are needed to

deal with the inefficiency arising from the rent dissipation problem. One

such set of instruments is factor taxes. The design of such taxes is the sub-

ject matter of the remainder of this article.

3. Policy Design

3.1. The Model

To explore the implications for financing the public input when agents

compete for profits, we study the following model. There are one private

good, two private inputs, labor and capital, and one public input. The pri-

vate inputs and the public input are used to produce the private good. As

in Keen and Marchand (1997), we adopt the simplifying assumption that

the marginal rate of transformation between the private good and the pub-

lic input is a constant; one unit of the private good can be converted into

1/q units of the public input.9 The price of the private good is normalized

to unity. The public input is produced efficiently so its price is given by q,

its marginal cost.

The economy is small relative to the rest of the world, and capital is

perfectly mobile while labor is not. Markets are perfectly competitive.

Since the economy is small, the world interest rate is taken as exogenous.

Many identical firms produce the goods, and consumers are identical as

well, which allows us to consider the decisions of the representative agent.

The preferences of the representative consumer are given by a well-

defined utility function of the form UðC, EÞ, where C is consumption of

the private good and E is labor supply. Utility is increasing in consump-

tion, decreasing in labor supply, quasi-concave in consumption, and

quasi-convex in labor supply. The representative household consumes the

private good subject to the following budget constraint:

C= ðw− tÞE+ iK + ð6Þ

where w is the gross wage, t is a labor tax so ðw− tÞ is the net wage, Kþ is

the quantity of domestically owned capital (assumed fixed), and i is the

after-tax return on capital that can be realized on world markets, assumed

to be exogenous. Let r = i+ T be the gross return on capital in this econ-

omy, where T is the tax on capital employed within the economy.

The household maximizes utility subject to its budget constraint. The

associated demand for the private good and supply of labor are given by
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C =Cðw− t, iK + Þ and E =Eðw− t, iK + Þ, respectively. We assume sub-

stitution effects dominate so that labor supply is increasing in the net wage

rate. It is straightforward to show that this implies that consumption is also

increasing in the net wage. We assume leisure is a normal good; it follows

from this that consumption is a normal good. Since the interest rate only

causes an income effect for the consumer, it also follows that labor supply

is decreasing in the net interest rate and consumption is increasing in the

net interest rate. We substitute the consumption and labor supply functions

into the utility function to obtain the indirect utility function, V(w− t,

iKþ), which has the usual derivative properties.

Next, turn to the hiring decisions of firms. From our earlier discussion,

firms hire labor and capital according to (2) and (3). These conditions

imply that the demands for labor and capital are functions of w, r, and G,

written as Kðw, r, GÞ and Lðw, r, GÞ, respectively. We derive the compara-

tive statics of these private input demands in Appendix A. It is shown

there that the factor demands for private inputs are negatively related to

factor prices (i.e., Lw < 0, Lr < 0, Kw < 0, and Kr < 0Þ, and the responses to

the public input are positive (i.e., LG > 0 and KG > 0Þ. Note that the signs

of Lr and Kw are negative. Thus, the negative output effect of a cross-price

change dominates the associated positive substitution effect.

We must also specify the government’s behavior. The instruments avail-

able to finance the public input are the taxes on the employment of labor

and capital, t and T , respectively. Note that a profits tax on firms, even if

available, would not yield any revenue in equilibrium in our model because

profits are dissipated by entry. The government chooses policy to maxi-

mize indirect utility subject to its budget constraint, which is given by

tE+ TK = qG, ð7Þ

where K is the entire amount of capital located within the small economy,

whether domestically owned or not. The supply of capital is perfectly elas-

tic at the world net return.

Finally, to close the model, we include a labor market equilibrium con-

dition. This is given by the equality of supply with demand:

Eðw− t, iK + Þ= Lðw, i+ T, GÞ: ð8Þ

By totally differentiating this condition and using the comparative sta-

tics results of the factor demands, it is straightforward to show that the

gross wage is increasing in the tax on labor, decreasing in the tax on capi-

tal, and increasing in the public input, but responds ambiguously to the net

interest rate.10

634 Public Finance Review

 at MEMORIAL UNIV OF NEWFOUNDLAND on May 5, 2009 http://pfr.sagepub.comDownloaded from 

http://pfr.sagepub.com


3.2. Main Result

The government chooses its policy ðt, T , GÞ to maximize the indirect

utility function of the representative agent subject to its budget constraint

and taking into account the response of the labor market equilibrium to

the policy. Thus, the optimization problem may be expressed as the

following Lagrangean:

H =Vðw− t, iK + Þ+ a½tLðw, i+ T, GÞ+ TKðw, i+T, GÞ− qG�
+ b½Lðw; i+ T, GÞ−Eðw− t, iK + Þ� ð9Þ

where a is the lagrange multiplier on the government’s budget constraint

and b is the multiplier for the labor-market clearing condition.

Appendix B shows that the maximization of (9) over the four choice

variables (G; t; T , and w) yields the following policy regime:11

T = ð1− SÞFGG=K, ð10Þ
t = SFGG=L, ð11Þ

FG = q: ð12Þ

The intuition behind these results is straightforward. Essentially, when

the government provides a public input that generates positive rents, pri-

vate agents hire more private inputs to produce additional output to cap-

ture those extra profits. This creates the problem of the commons vis-à-vis

factor markets and leads to inefficient (over) use of inputs. The optimal

taxes on capital and labor in (10) and (11), respectively, are designed to

eliminate this incentive. Once this incentive is removed, the public input

should be provided according to the first-best rule; that is, it should be

increased until the marginal benefit coincides with its marginal cost.

Indeed, equation (12) indicates that the provision of the public input

should be determined by the first-best rule, as in Kaizuka (1965), so that

the equilibrium is characterized by production efficiency. This result is

analogous to the finding by Feehan and Matsumoto (2002), who find that

with an atmospheric public input, if factor taxes are set optimally, then

this type of public input should also be provided according to the first-best

rule. Despite the distortionary effect of the factor taxes, production effi-

ciency remains desirable, a result consistent with Diamond and Mirrlees

(1971a, 1971b).

The tax on capital is proportional to the public input’s contribution to

output per unit of capital. Thus, it is optimal to tax capital despite the

international mobility of capital in our model. Otherwise, an increase in G
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leads to an increased demand for capital causing an excessive inflow of

foreign capital into the economy. In addition, the taxation of capital does

not disrupt the production efficiency result either. Similarly, the tax rate

on labor is proportional to the public input’s contribution to output per

unit of labor. A tax on labor should be employed even though labor supply

is endogenous. Of course, the extent to which the labor tax and the capital

tax are proportional to the public input’s contribution to output must

exactly match the extent to which the public input would have otherwise

induced excessive employment of each factor.

These three key results, the labor tax, the capital tax, and the spending

condition, indicate that the first-best optimum is achievable if factor taxes

are designed appropriately. The factor taxes serve dual purposes. They

raise revenue to finance spending on the public input, and they correct the

distortion that otherwise occurs as a result of making the public services

available to industry without charge. In short, adopting factor taxes in the

correct proportions is a perfect substitute for charging directly for the use

of the public input in our model, and consequently, this tax policy can sup-

port a first-best equilibrium.

4. Conclusion

Many forms of public inputs are of the unpaid-factor variety. We demon-

strated that there is an equivalence between an unpaid factor type of public

input and a common property resource. Analyses involving these types of

public input need to address those common-property characteristics.

The key contribution of this article is to explicitly incorporate these

common-property features in deriving the optimal design of factor taxes

that can be employed to finance a public input.12 The tax on each factor is

proportional to the public input’s contribution to total output per unit of

the respective factor. Moreover, these taxes are of a Pigovian nature, and

thus support a first-best efficiency outcome. Second-best considerations

do not apply. Hence, even, or perhaps especially, if capital is completely

mobile internationally, then a tax on capital is still called for because the

provision of the public input would lead to an excessive inflow of capital

from abroad, or too small an outflow.

Finally, in the absence of these factor taxes, or their equivalents, it

would be difficult to assess whether congested public infrastructure, or

demands by industry for more supportive government services, are signals

of inadequate supply or are simply the result of excessive use due to free
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access. Indeed, increasing congestion could very well be a signal that pri-

vate agents are seeking extra profits due to improved infrastructure.y

Appendix A

Start by taking the total differentials of (2) and (3) with respect to L, K, G, w,

and r. The result may be expressed as

BLdL+BKdK = dw−BGdG ðA1Þ

and

ZLdL+ZKdK = dr −ZGdG, ðA2Þ

where, as in the text, BK , BG, ZL, and ZG are positive while BL and ZK are negative.

The expressions for these terms are as follows:

BL = ½FLL + SFGLG=L+ SLFGG=L− SFGG=L2�, ðA3Þ
BK = ½FLK + SFGKG=L+ SKFGG=L�, ðA4Þ
BG = ½FGL + SFGGG=L+ SFG=L�, ðA5Þ
ZL = ½FKL + ð1− SÞFGLG=K − SLFGG=K�, ðA6Þ
ZK = ½FKK + ð1− SÞFGKG=K − SKFGG=K − ð1− SÞFGG=K2�, ðA7Þ
ZG = ½FGK + ð1− SÞFGGG=K + ð1− SÞFG=K�: ðA8Þ

Next, from the linear homogeneity of the production function, it follows

that

FLLL+FKLK +FGLG= 0, ðA9Þ
FLKL+FKKK +FGKG= 0, ðA10Þ
FLGL+FKGK +FGGG= 0: ðA11Þ

Recall that SK =−LSL=K. Substitute for SK in (A4) and (A7). Use (A9) and

(A10), respectively, to substitute for FGLG and FGKG in (A3), (A4), (A6), and

(A7). Also, use (A11) to substitute for FGL in (A5). Then substitution of those

results into (A1) and (A2) yields the following:

½ð−K=LÞðZL + SFGG=LKÞ�dL+ ½BK �dK = dw− ½BG�dG ðA12Þ

½ZL�dL+ ½−LBK=K − ð1− SÞFGG=K2�dK = dr − ½−LBG=K +FG=K�dG ðA13Þ

where, following those substitutions,

BK = ð1− SÞFLK − SFKKK=L− SLFGG=K

ZL =−ð1− SÞFLLL=K + SFKL + SLFGG=K

BG =−½FGKK + ð1− SÞFGGG− SFG�=L

Feehan, Batina / Labor and Capital Taxation 637

 at MEMORIAL UNIV OF NEWFOUNDLAND on May 5, 2009 http://pfr.sagepub.comDownloaded from 

http://pfr.sagepub.com


Next, the determinant of the matrix formed by the left-hand sides of (A12) and

(A13) is

D= ðFGG=LKÞ½SBK + ð1− SÞZL + Sð1− SÞFGG=LK�: ðA14Þ

Since BK and ZL are positive, D> 0.

Applying Cramer’s rule to (A12) and (A13) then yields:

Lw = ½ð−L=KÞBK − ð1− SÞFGG=K2�=D< 0,

Lr =−BK=D< 0,

Kw =−ZL=D< 0,

Kr = ½ð−K=LÞZL − SFGG=L2�=D< 0,

LG = ðFG=KÞ½BK + ð1− SÞGBG=K�=D> 0,

KG = ðFG=LÞ½ZL + SGZG=L�=D> 0:

Appendix B

The first-order conditions for maximization of (9) corresponding to G, t, T , and

w are, respectively,

ðat + bÞLG + aðTKG − qÞ= 0, ðB1Þ
−Vw + aL+ bEw = 0, ðB2Þ
ðat + bÞLr + aðTKr +KÞ= 0, ðB3Þ
Vw + ðat + bÞLw + aTKw − bEw = 0: ðB4Þ

The Optimal Tax on Capital

Substitute (B2) into (B4) and combine the result with (B3) to obtain,

ðTKr +KÞðLw=LrÞ= ðTKw +LÞ: ðB5Þ

Rearrange this equation to obtain,

½−KðLw=LrÞ+L�+T½Kw −KrðLw=LrÞ�= 0 ðB6Þ

Next, using Appendix A’s expressions for Lw and Lr , substitute for (Lw=Lr) in

the first term in (B6) to obtain,

½−ð1− SÞFGG=BKK�+T½Kw −KrðLw=LrÞ�= 0 ðB7Þ

or

½−ð1− SÞ=K�+TðBK=FGGÞ½Kw −KrðLw=LrÞ�= 0: ðB8Þ

It can be shown that BK ½Kw −KrðLw=LrÞ� ¼ 1. Hence, the optimal tax on

capital is

T = ð1− SÞFGG=K: ðB9Þ
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The Optimal Spending Condition

Use the first-order condition (B3) to obtain an expression for (at+ b) and

substitute it into (B1),

−ðK +TKrÞðLG=LrÞ+TKG = q: ðB10Þ

Substituting for LG=Lr from Appendix A yields

ðK +TKrÞ½1+ ð1− SÞGBG=KBK �ðFG=KÞ+TKG = q: ðB11Þ

Rewrite this last equation as

FG½1+ ð1− SÞGBG=KBK �+TFGðKr=KÞ½1+ ð1− SÞGBG=KBK �+TKG = q: ðB12Þ

Next, with some manipulations, it can be shown that

TFGðKr=KÞ½1+ ð1− SÞGBG=KBK �+TKG =−TBG=BK : ðB13Þ

Substitute (B13) into (B12) to obtain

FG½1+ ð1− SÞGBG=KBK �−TBG=BK = q: ðB14Þ

Finally, substitute the expression for T from (B9) into (B14) to arrive at the

spending rule:

FG = q: ðB15Þ

The Optimal Tax on Labor

Equations (B9) and (B15) plus the government’s budget constraint imply

t = SGFG=L: ðB16Þ

Notes

1. Adam Smith recognized the importance of public inputs—‘‘public works’’ in his

terminology—and the difficulty the private sector would have in providing them (see Smith

1937, 681, book V, chap. 1).

2. A third variety of public input is known as firm-augmenting, where there are constant

returns to scale in all inputs and the public input is collective to firms themselves. However, a

firm can be divided into smaller firms, the effect of which is to create more benefit from the

same level of the public input, leading to limitless production possibilities. This unbounded-

ness outcome can be avoided by employing various assumptions (e.g., a minimum size for

firms, or a fixed number of firms, or a fixed cost of establishing firms). Nevertheless, Hender-

son (1974) and McMillan (1979), among others, conclude that it is an implausible specifica-

tion. For more elaboration, see Feehan (1989).

3. See Diamond and Mirrlees (1971a, 1971b) for the seminal analysis of this efficiency

result. This result requires that the government have perfect control over consumer prices and
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use of debt policy to maintain the economy on the optimal balanced growth path. If this set

of tools is incomplete, then the result no longer goes through. It may also not hold if there are

externalities in production, as shown by Batina and Ihori (2005).

4. Judd (1999) recognizes that there is a commons problem associated with a public

input of this type but does not study the issue in detail.

5. For example, Aschauer (1989) estimated an aggregate production function using U.S.

time series data and included public capital as an input. He found it to be more productive

than private capital. Furthermore, he argued that a slowdown in spending on infrastructure

could explain the slowdown in productivity growth in the United States in the 1970s. This

sparked an extensive literature. However, the evidence on returns to scale is somewhat mixed

and it is difficult to draw general conclusions. There are cases of decreasing returns (Batina

1999), providing evidence of the unpaid factors interpretation for public capital. See Batina

and Ihori (2005) for a general discussion of the empirical literature on public infrastructure.

6. This requires that the absolute value of FGG be sufficiently small at the commons

equilibrium.

7. With a homogeneous production function, the marginal rate of technical substitution

between two factors of production is determined solely by the capital-labor ratio. Cost mini-

mization leads firms to choose K and L in a combination such that the marginal rate of substi-

tution equals the ratio of factor prices. The amount of G influences the levels of capital and

labor employed but not the cost-minimizing capital-labor ratio.

8. Note that S ¼ 1=½1þ ðr=wÞkÞ�. Firms hire capital and labor such that the marginal

rate of substitution coincides with w=r. For homogeneous production functions, that marginal

rate of substitution is determined solely by the capital-labor ratio, k. Thus, there is a one-to-

one relationship between w=r and k. Denote it as r=w ¼ hðkÞ and substitute it into the expres-

sion for S to obtain S ¼ 1=½1þ hðkÞk�, so S ¼ SðkÞ.
9. Thus the production function for the public input is simply G= gðYÞ= qY .

10. Totally differentiate the equilibrium condition and solve to obtain, qw=qt =
Ew=ðEw −LwÞ> 0, qw=qT =Lr=ðEw −LwÞ< 0; qw=qi= ðLr −EiK

+ Þ=ðEw −LwÞ, and

qw=qG=LG=ðEw −LwÞ, where Ew −Lw > 0 if supply and demand for labor have their usual

slopes.

11. The use of w as a choice variable in the optimization problem is simply a mathemati-

cal convenience. Alternatively, one could have used the labor-market clearing condition to

express the wage as w ¼ wðt; T;GÞ and maximized indirect utility subject to the budget con-

straint alone, with w replaced by wðt;T;GÞ.
12. A side benefit is that this analysis can be readily adapted to a natural common prop-

erty resource in which there are two primary factors. With no cost of providing such a

resource, all the revenues collected from the efficient factor taxes could simply be returned to

the households in lump-sum fashion.

References

Aschauer, D. 1989. Is public expenditure productive? Journal of Monetary Economics

23:177-200.

Barro, R. 1990. Government spending in a simple model of endogenous growth. Journal of

Political Economy 98:S103-S125.

Batina, R.G. 1999. On the long run effect of public capital on aggregate output: Estimation

and sensitivity analysis. Empirical Economics 24:165-71.

640 Public Finance Review

 at MEMORIAL UNIV OF NEWFOUNDLAND on May 5, 2009 http://pfr.sagepub.comDownloaded from 

http://pfr.sagepub.com


Batina, R.G., and T. Ihori. 2005. Public goods: Theories and evidence. Berlin: Springer.

Boadway, R. 1973. Similarities and differences between public goods and public factors.

Public Finance/Finances Publiques 28:245-57.

Dahlby, B., and L. Wilson. 2003. Vertical externalities in a federation. Journal of Public Eco-

nomics 87:917-30.

Diamond, P., and J. Mirrlees. 1971a. Optimal taxation and public production I: Production

efficiency. The American Economic Review 61 (1): 8-27.

___. 1971b. Optimal taxation and public production II: Tax rules. The American Economic

Review 61 (2): 261-78.

Feehan, J. 1989. Pareto efficiency with three varieties of public inputs. Public Finance/

Finances Publiques 34:237-48.

Feehan, J., and M. Matsumoto. 2000. Productivity-enhancing public investment and benefit

taxation: The case of factor-augmenting public inputs. Canadian Journal of Economics

33:114-21.

___. 2002. Distortionary taxation and optimal public spending on productive activities.

Economic Inquiry 40 (1): 60-8.

Haughwout, A. 2002. Public infrastructure investments, productivity and welfare in fixed

geographic areas. Journal of Public Economics 83:405-28.

Henderson, J. V. 1974. A note on the economics of public intermediate inputs. Economica

41:322-27.

Huizinga, H., and S. Nielson. 1997. Capital income and profit taxation with foreign owner-

ship of firms. Journal of International Economics 42:149-65.

Judd, K. 1999. Optimal taxation and spending in general competitive growth models. Journal

of Public Economics 71:1-26.

Kaizuka, K. 1965. Public goods and the decentralization of production. Review of Economics

and Statistics 47:118-20.

Keen, M., and M. Marchand. 1997. Fiscal competition and the pattern of public spending.

Journal of Public Economics 66:33-53.

Keen, M., and G. Kotsogiannis. 2002. Does federalism lead to excessively high taxes?

The American Econoimc Review 92:363-70.

___. 2004. Tax competition in federations and the welfare consequences of decentralization.

Journal of Urban Economics 56:397-407.

McMillan, J. 1979. A note on the economics of public intermediate goods. Public Finance/

Finances Publiques 34:293-99.

Meade, J. 1952. External economies and diseconomies in a competitive situation. Economic

Journal 62:54-67.

Munk, K. 1980. Optimal taxation with some non-taxable commodities. Review of Economic

Studies 47:755-65.

Pestieau, P. 1976. Public intermediate goods and distortionary taxation. European Economic

Review 7:351-57.

Romer, P. 1986. Increasing returns and long run growth. The Journal of Political Economy

94:1002-1037.

Sandmo, A. 1972. Optimality rules for the provision of collective factors of production.

Journal of Public Economics 1:149-57.

Smith, A. 1937. The wealth of nations. New York: Modern Library.

Stiglitz, J., and P. Dasgupta, (1971). Differential taxation, public goods, and economic

efficiency. Review of Economic Studies 38:151-74.

Feehan, Batina / Labor and Capital Taxation 641

 at MEMORIAL UNIV OF NEWFOUNDLAND on May 5, 2009 http://pfr.sagepub.comDownloaded from 

http://pfr.sagepub.com


James P. Feehan is a professor of economics and director of the Institute of Social and Eco-

nomic Research at Memorial University of Newfoundland, Canada. His current research

focuses on public investment and fiscal federalism.

Raymond G. Batina received his PhD in economics from the University of Minnesota, and

joined the faculty at Washington State University in 1985. His main research and teaching

interests are in public policy issues in dynamic general equilibrium models. He is currently

working on issues related to tax competition and social security.

642 Public Finance Review

 at MEMORIAL UNIV OF NEWFOUNDLAND on May 5, 2009 http://pfr.sagepub.comDownloaded from 

http://pfr.sagepub.com


<<
  /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 1.3
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize false
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveEPSInfo true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Remove
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
    /ACaslon-Bold
    /ACaslon-BoldItalic
    /ACaslon-Italic
    /ACaslon-Ornaments
    /ACaslon-Regular
    /ACaslon-Semibold
    /ACaslon-SemiboldItalic
    /AdobeCorpID-Acrobat
    /AdobeCorpID-Adobe
    /AdobeCorpID-Bullet
    /AdobeCorpID-MinionBd
    /AdobeCorpID-MinionBdIt
    /AdobeCorpID-MinionRg
    /AdobeCorpID-MinionRgIt
    /AdobeCorpID-MinionSb
    /AdobeCorpID-MinionSbIt
    /AdobeCorpID-MyriadBd
    /AdobeCorpID-MyriadBdIt
    /AdobeCorpID-MyriadBdScn
    /AdobeCorpID-MyriadBdScnIt
    /AdobeCorpID-MyriadBl
    /AdobeCorpID-MyriadBlIt
    /AdobeCorpID-MyriadLt
    /AdobeCorpID-MyriadLtIt
    /AdobeCorpID-MyriadPkg
    /AdobeCorpID-MyriadRg
    /AdobeCorpID-MyriadRgIt
    /AdobeCorpID-MyriadRgScn
    /AdobeCorpID-MyriadRgScnIt
    /AdobeCorpID-MyriadSb
    /AdobeCorpID-MyriadSbIt
    /AdobeCorpID-MyriadSbScn
    /AdobeCorpID-MyriadSbScnIt
    /AdobeCorpID-PScript
    /AGaramond-BoldScaps
    /AGaramond-Italic
    /AGaramond-Regular
    /AGaramond-RomanScaps
    /AGaramond-Semibold
    /AGaramond-SemiboldItalic
    /AGar-Special
    /AkzidenzGroteskBE-Bold
    /AkzidenzGroteskBE-BoldEx
    /AkzidenzGroteskBE-BoldExIt
    /AkzidenzGroteskBE-BoldIt
    /AkzidenzGroteskBE-Ex
    /AkzidenzGroteskBE-It
    /AkzidenzGroteskBE-Light
    /AkzidenzGroteskBE-LightEx
    /AkzidenzGroteskBE-LightOsF
    /AkzidenzGroteskBE-Md
    /AkzidenzGroteskBE-MdEx
    /AkzidenzGroteskBE-MdIt
    /AkzidenzGroteskBE-Regular
    /AkzidenzGroteskBE-Super
    /AlbertusMT
    /AlbertusMT-Italic
    /AlbertusMT-Light
    /Aldine401BT-BoldA
    /Aldine401BT-BoldItalicA
    /Aldine401BT-ItalicA
    /Aldine401BT-RomanA
    /Aldine401BTSPL-RomanA
    /Aldine721BT-Bold
    /Aldine721BT-BoldItalic
    /Aldine721BT-Italic
    /Aldine721BT-Light
    /Aldine721BT-LightItalic
    /Aldine721BT-Roman
    /Aldus-Italic
    /Aldus-ItalicOsF
    /Aldus-Roman
    /Aldus-RomanSC
    /AlternateGothicNo2BT-Regular
    /AmazoneBT-Regular
    /AmericanTypewriter-Bold
    /AmericanTypewriter-BoldA
    /AmericanTypewriter-BoldCond
    /AmericanTypewriter-BoldCondA
    /AmericanTypewriter-Cond
    /AmericanTypewriter-CondA
    /AmericanTypewriter-Light
    /AmericanTypewriter-LightA
    /AmericanTypewriter-LightCond
    /AmericanTypewriter-LightCondA
    /AmericanTypewriter-Medium
    /AmericanTypewriter-MediumA
    /Anna
    /AntiqueOlive-Bold
    /AntiqueOlive-Compact
    /AntiqueOlive-Italic
    /AntiqueOlive-Roman
    /Arcadia
    /Arcadia-A
    /Arkona-Medium
    /Arkona-Regular
    /ArrusBT-Black
    /ArrusBT-BlackItalic
    /ArrusBT-Bold
    /ArrusBT-BoldItalic
    /ArrusBT-Italic
    /ArrusBT-Roman
    /AssemblyLightSSK
    /AuroraBT-BoldCondensed
    /AuroraBT-RomanCondensed
    /AuroraOpti-Condensed
    /AvantGarde-Book
    /AvantGarde-BookOblique
    /AvantGarde-Demi
    /AvantGarde-DemiOblique
    /Avenir-Black
    /Avenir-BlackOblique
    /Avenir-Book
    /Avenir-BookOblique
    /Avenir-Heavy
    /Avenir-HeavyOblique
    /Avenir-Light
    /Avenir-LightOblique
    /Avenir-Medium
    /Avenir-MediumOblique
    /Avenir-Oblique
    /Avenir-Roman
    /BaileySansITC-Bold
    /BaileySansITC-BoldItalic
    /BaileySansITC-Book
    /BaileySansITC-BookItalic
    /BakerSignetBT-Roman
    /BaskervilleBE-Italic
    /BaskervilleBE-Medium
    /BaskervilleBE-MediumItalic
    /BaskervilleBE-Regular
    /Baskerville-Bold
    /BaskervilleBook-Italic
    /BaskervilleBook-MedItalic
    /BaskervilleBook-Medium
    /BaskervilleBook-Regular
    /BaskervilleBT-Bold
    /BaskervilleBT-BoldItalic
    /BaskervilleBT-Italic
    /BaskervilleBT-Roman
    /BaskervilleMT
    /BaskervilleMT-Bold
    /BaskervilleMT-BoldItalic
    /BaskervilleMT-Italic
    /BaskervilleMT-SemiBold
    /BaskervilleMT-SemiBoldItalic
    /BaskervilleNo2BT-Bold
    /BaskervilleNo2BT-BoldItalic
    /BaskervilleNo2BT-Italic
    /BaskervilleNo2BT-Roman
    /Baskerville-Normal-Italic
    /BauerBodoni-Black
    /BauerBodoni-BlackCond
    /BauerBodoni-BlackItalic
    /BauerBodoni-Bold
    /BauerBodoni-BoldCond
    /BauerBodoni-BoldItalic
    /BauerBodoni-BoldItalicOsF
    /BauerBodoni-BoldOsF
    /BauerBodoni-Italic
    /BauerBodoni-ItalicOsF
    /BauerBodoni-Roman
    /BauerBodoni-RomanSC
    /Bauhaus-Bold
    /Bauhaus-Demi
    /Bauhaus-Heavy
    /BauhausITCbyBT-Bold
    /BauhausITCbyBT-Heavy
    /BauhausITCbyBT-Light
    /BauhausITCbyBT-Medium
    /Bauhaus-Light
    /Bauhaus-Medium
    /BellCentennial-Address
    /BellGothic-Black
    /BellGothic-Bold
    /Bell-GothicBoldItalicBT
    /BellGothicBT-Bold
    /BellGothicBT-Roman
    /BellGothic-Light
    /Bembo
    /Bembo-Bold
    /Bembo-BoldExpert
    /Bembo-BoldItalic
    /Bembo-BoldItalicExpert
    /Bembo-Expert
    /Bembo-ExtraBoldItalic
    /Bembo-Italic
    /Bembo-ItalicExpert
    /Bembo-Semibold
    /Bembo-SemiboldItalic
    /Benguiat-Bold
    /Benguiat-BoldItalic
    /Benguiat-Book
    /Benguiat-BookItalic
    /BenguiatGothicITCbyBT-Bold
    /BenguiatGothicITCbyBT-BoldItal
    /BenguiatGothicITCbyBT-Book
    /BenguiatGothicITCbyBT-BookItal
    /BenguiatITCbyBT-Bold
    /BenguiatITCbyBT-BoldItalic
    /BenguiatITCbyBT-Book
    /BenguiatITCbyBT-BookItalic
    /Benguiat-Medium
    /Benguiat-MediumItalic
    /Berkeley-Black
    /Berkeley-BlackItalic
    /Berkeley-Bold
    /Berkeley-BoldItalic
    /Berkeley-Book
    /Berkeley-BookItalic
    /Berkeley-Italic
    /Berkeley-Medium
    /Berling-Bold
    /Berling-BoldItalic
    /Berling-Italic
    /Berling-Roman
    /BernhardBoldCondensedBT-Regular
    /BernhardFashionBT-Regular
    /BernhardModernBT-Bold
    /BernhardModernBT-BoldItalic
    /BernhardModernBT-Italic
    /BernhardModernBT-Roman
    /BernhardTangoBT-Regular
    /BlockBE-Condensed
    /BlockBE-ExtraCn
    /BlockBE-ExtraCnIt
    /BlockBE-Heavy
    /BlockBE-Italic
    /BlockBE-Regular
    /Bodoni
    /Bodoni-Bold
    /Bodoni-BoldItalic
    /Bodoni-Italic
    /Bodoni-Poster
    /Bodoni-PosterCompressed
    /Bookman-Demi
    /Bookman-DemiItalic
    /Bookman-Light
    /Bookman-LightItalic
    /Boton-Italic
    /Boton-Medium
    /Boton-MediumItalic
    /Boton-Regular
    /Boulevard
    /BremenBT-Black
    /BremenBT-Bold
    /BroadwayBT-Regular
    /CaflischScript-Bold
    /CaflischScript-Regular
    /Caliban
    /CarminaBT-Bold
    /CarminaBT-BoldItalic
    /CarminaBT-Light
    /CarminaBT-LightItalic
    /CarminaBT-Medium
    /CarminaBT-MediumItalic
    /Carta
    /Caslon224ITCbyBT-Bold
    /Caslon224ITCbyBT-BoldItalic
    /Caslon224ITCbyBT-Book
    /Caslon224ITCbyBT-BookItalic
    /Caslon540BT-Italic
    /Caslon540BT-Roman
    /CaslonBT-Bold
    /CaslonBT-BoldItalic
    /CaslonOpenFace
    /CaslonTwoTwentyFour-Black
    /CaslonTwoTwentyFour-BlackIt
    /CaslonTwoTwentyFour-Bold
    /CaslonTwoTwentyFour-BoldIt
    /CaslonTwoTwentyFour-Book
    /CaslonTwoTwentyFour-BookIt
    /CaslonTwoTwentyFour-Medium
    /CaslonTwoTwentyFour-MediumIt
    /CastleT-Bold
    /CastleT-Book
    /Caxton-Bold
    /Caxton-BoldItalic
    /Caxton-Book
    /Caxton-BookItalic
    /CaxtonBT-Bold
    /CaxtonBT-BoldItalic
    /CaxtonBT-Book
    /CaxtonBT-BookItalic
    /Caxton-Light
    /Caxton-LightItalic
    /CelestiaAntiqua-Ornaments
    /Centennial-BlackItalicOsF
    /Centennial-BlackOsF
    /Centennial-BoldItalicOsF
    /Centennial-BoldOsF
    /Centennial-ItalicOsF
    /Centennial-LightItalicOsF
    /Centennial-LightSC
    /Centennial-RomanSC
    /Century-Bold
    /Century-BoldItalic
    /Century-Book
    /Century-BookItalic
    /CenturyExpandedBT-Bold
    /CenturyExpandedBT-BoldItalic
    /CenturyExpandedBT-Italic
    /CenturyExpandedBT-Roman
    /Century-HandtooledBold
    /Century-HandtooledBoldItalic
    /Century-Light
    /Century-LightItalic
    /CenturyOldStyle-Bold
    /CenturyOldStyle-Italic
    /CenturyOldStyle-Regular
    /CenturySchoolbookBT-Bold
    /CenturySchoolbookBT-BoldCond
    /CenturySchoolbookBT-BoldItalic
    /CenturySchoolbookBT-Italic
    /CenturySchoolbookBT-Roman
    /Century-Ultra
    /Century-UltraItalic
    /CharterBT-Black
    /CharterBT-BlackItalic
    /CharterBT-Bold
    /CharterBT-BoldItalic
    /CharterBT-Italic
    /CharterBT-Roman
    /CheltenhamBT-Bold
    /CheltenhamBT-BoldCondItalic
    /CheltenhamBT-BoldExtraCondensed
    /CheltenhamBT-BoldHeadline
    /CheltenhamBT-BoldItalic
    /CheltenhamBT-BoldItalicHeadline
    /CheltenhamBT-Italic
    /CheltenhamBT-Roman
    /Cheltenham-HandtooledBdIt
    /Cheltenham-HandtooledBold
    /CheltenhamITCbyBT-Bold
    /CheltenhamITCbyBT-BoldItalic
    /CheltenhamITCbyBT-Book
    /CheltenhamITCbyBT-BookItalic
    /Christiana-Bold
    /Christiana-BoldItalic
    /Christiana-Italic
    /Christiana-Medium
    /Christiana-MediumItalic
    /Christiana-Regular
    /Christiana-RegularExpert
    /Christiana-RegularSC
    /Clarendon
    /Clarendon-Bold
    /Clarendon-Light
    /ClassicalGaramondBT-Bold
    /ClassicalGaramondBT-BoldItalic
    /ClassicalGaramondBT-Italic
    /ClassicalGaramondBT-Roman
    /CMR10
    /CMTI10
    /CommonBullets
    /ConduitITC-Bold
    /ConduitITC-BoldItalic
    /ConduitITC-Light
    /ConduitITC-LightItalic
    /ConduitITC-Medium
    /ConduitITC-MediumItalic
    /CooperBlack
    /CooperBlack-Italic
    /CooperBT-Bold
    /CooperBT-BoldItalic
    /CooperBT-Light
    /CooperBT-LightItalic
    /CopperplateGothicBT-Bold
    /CopperplateGothicBT-BoldCond
    /CopperplateGothicBT-Heavy
    /CopperplateGothicBT-Roman
    /CopperplateGothicBT-RomanCond
    /Copperplate-ThirtyThreeBC
    /Copperplate-ThirtyTwoBC
    /Coronet-Regular
    /Courier
    /Courier-Bold
    /Courier-BoldOblique
    /Courier-Oblique
    /Critter
    /CS-Special-font
    /DellaRobbiaBT-Bold
    /DellaRobbiaBT-Roman
    /Della-RobbiaItalicBT
    /Della-RobbiaSCaps
    /Del-NormalSmallCaps
    /Delphin-IA
    /Delphin-IIA
    /Delta-Bold
    /Delta-BoldItalic
    /Delta-Book
    /Delta-BookItalic
    /Delta-Light
    /Delta-LightItalic
    /Delta-Medium
    /Delta-MediumItalic
    /Delta-Outline
    /DextorD
    /DextorOutD
    /DidotLH-OrnamentsOne
    /DidotLH-OrnamentsTwo
    /DINEngschrift
    /DINEngschrift-Alternate
    /DINMittelschrift
    /DINMittelschrift-Alternate
    /DINNeuzeitGrotesk-BoldCond
    /DINNeuzeitGrotesk-Light
    /Dom-CasItalic
    /DomCasual
    /DomCasual-Bold
    /Dom-CasualBT
    /Ehrhard-Italic
    /Ehrhard-Regular
    /EhrhardSemi-Italic
    /EhrhardtMT
    /EhrhardtMT-Italic
    /EhrhardtMT-SemiBold
    /EhrhardtMT-SemiBoldItalic
    /EhrharSemi
    /ELANGO-IB-A03
    /ELANGO-IB-A75
    /ELANGO-IB-A99
    /ElectraLH-Bold
    /ElectraLH-BoldCursive
    /ElectraLH-Cursive
    /ElectraLH-Regular
    /ElGreco
    /EnglischeSchT-Bold
    /EnglischeSchT-Regu
    /ErasContour
    /ErasITCbyBT-Bold
    /ErasITCbyBT-Book
    /ErasITCbyBT-Demi
    /ErasITCbyBT-Light
    /ErasITCbyBT-Medium
    /ErasITCbyBT-Ultra
    /Euclid
    /Euclid-Bold
    /Euclid-BoldItalic
    /EuclidExtra
    /EuclidExtra-Bold
    /EuclidFraktur
    /EuclidFraktur-Bold
    /Euclid-Italic
    /EuclidMathOne
    /EuclidMathOne-Bold
    /EuclidMathTwo
    /EuclidMathTwo-Bold
    /EuclidSymbol
    /EuclidSymbol-Bold
    /EuclidSymbol-BoldItalic
    /EuclidSymbol-Italic
    /EUEX10
    /EUFB10
    /EUFB5
    /EUFB7
    /EUFM10
    /EUFM5
    /EUFM7
    /EURB10
    /EURB5
    /EURB7
    /EURM10
    /EURM5
    /EURM7
    /EuropeanPi-Four
    /EuropeanPi-One
    /EuropeanPi-Three
    /EuropeanPi-Two
    /EuroSans-Bold
    /EuroSans-BoldItalic
    /EuroSans-Italic
    /EuroSans-Regular
    /EuroSerif-Bold
    /EuroSerif-BoldItalic
    /EuroSerif-Italic
    /EuroSerif-Regular
    /Eurostile
    /Eurostile-Bold
    /Eurostile-BoldCondensed
    /Eurostile-BoldExtendedTwo
    /Eurostile-BoldOblique
    /Eurostile-Condensed
    /Eurostile-Demi
    /Eurostile-DemiOblique
    /Eurostile-ExtendedTwo
    /Eurostile-Oblique
    /EUSB10
    /EUSB5
    /EUSB7
    /EUSM10
    /EUSM5
    /EUSM7
    /ExPonto-Regular
    /FairfieldLH-Bold
    /FairfieldLH-BoldItalic
    /FairfieldLH-BoldSC
    /FairfieldLH-CaptionBold
    /FairfieldLH-CaptionHeavy
    /FairfieldLH-CaptionLight
    /FairfieldLH-CaptionMedium
    /FairfieldLH-Heavy
    /FairfieldLH-HeavyItalic
    /FairfieldLH-HeavySC
    /FairfieldLH-Light
    /FairfieldLH-LightItalic
    /FairfieldLH-LightSC
    /FairfieldLH-Medium
    /FairfieldLH-MediumItalic
    /FairfieldLH-MediumSC
    /FairfieldLH-SwBoldItalicOsF
    /FairfieldLH-SwHeavyItalicOsF
    /FairfieldLH-SwLightItalicOsF
    /FairfieldLH-SwMediumItalicOsF
    /Fences
    /Fenice-Bold
    /Fenice-BoldOblique
    /FeniceITCbyBT-Bold
    /FeniceITCbyBT-BoldItalic
    /FeniceITCbyBT-Regular
    /FeniceITCbyBT-RegularItalic
    /Fenice-Light
    /Fenice-LightOblique
    /Fenice-Regular
    /Fenice-RegularOblique
    /Fenice-Ultra
    /Fenice-UltraOblique
    /FlashD-Ligh
    /Flood
    /Folio-Bold
    /Folio-BoldCondensed
    /Folio-ExtraBold
    /Folio-Light
    /Folio-Medium
    /FontanaNDAaOsF
    /FontanaNDAaOsF-Italic
    /FontanaNDCcOsF-Semibold
    /FontanaNDCcOsF-SemiboldIta
    /FontanaNDEeOsF
    /FontanaNDEeOsF-Bold
    /FontanaNDEeOsF-BoldItalic
    /FontanaNDEeOsF-Light
    /FontanaNDEeOsF-Semibold
    /FormalScript421BT-Regular
    /Formata-Bold
    /Formata-MediumCondensed
    /ForteMT
    /FournierMT-Ornaments
    /FrakturBT-Regular
    /FrankfurterHigD
    /FranklinGothic-Book
    /FranklinGothic-BookItal
    /FranklinGothic-BookOblique
    /FranklinGothic-Condensed
    /FranklinGothic-Demi
    /FranklinGothic-DemiItal
    /FranklinGothic-DemiOblique
    /FranklinGothic-Heavy
    /FranklinGothic-HeavyItal
    /FranklinGothic-HeavyOblique
    /FranklinGothicITCbyBT-BookItal
    /FranklinGothicITCbyBT-Demi
    /FranklinGothicITCbyBT-DemiItal
    /FranklinGothicITCbyBT-Heavy
    /FranklinGothicITCbyBT-HeavyItal
    /FranklinGothic-Medium
    /FranklinGothic-MediumItal
    /FranklinGothic-Roman
    /Freeform721BT-Bold
    /Freeform721BT-BoldItalic
    /Freeform721BT-Italic
    /Freeform721BT-Roman
    /FreestyleScrD
    /Freestylescript
    /FreestyleScript
    /FrizQuadrataITCbyBT-Bold
    /FrizQuadrataITCbyBT-Roman
    /Frutiger-Black
    /Frutiger-BlackCn
    /Frutiger-BlackItalic
    /Frutiger-Bold
    /Frutiger-BoldCn
    /Frutiger-BoldItalic
    /Frutiger-Cn
    /Frutiger-ExtraBlackCn
    /Frutiger-Italic
    /Frutiger-Light
    /Frutiger-LightCn
    /Frutiger-LightItalic
    /Frutiger-Roman
    /Frutiger-UltraBlack
    /Futura
    /FuturaBlackBT-Regular
    /Futura-Bold
    /Futura-BoldOblique
    /Futura-Book
    /Futura-BookOblique
    /FuturaBT-Bold
    /FuturaBT-BoldCondensed
    /FuturaBT-BoldCondensedItalic
    /FuturaBT-BoldItalic
    /FuturaBT-Book
    /FuturaBT-BookItalic
    /FuturaBT-ExtraBlack
    /FuturaBT-ExtraBlackCondensed
    /FuturaBT-ExtraBlackCondItalic
    /FuturaBT-ExtraBlackItalic
    /FuturaBT-Heavy
    /FuturaBT-HeavyItalic
    /FuturaBT-Light
    /FuturaBT-LightCondensed
    /FuturaBT-LightItalic
    /FuturaBT-Medium
    /FuturaBT-MediumCondensed
    /FuturaBT-MediumItalic
    /Futura-CondensedLight
    /Futura-CondensedLightOblique
    /Futura-ExtraBold
    /Futura-ExtraBoldOblique
    /Futura-Heavy
    /Futura-HeavyOblique
    /Futura-Light
    /Futura-LightOblique
    /Futura-Oblique
    /Futura-Thin
    /Galliard-Black
    /Galliard-BlackItalic
    /Galliard-Bold
    /Galliard-BoldItalic
    /Galliard-Italic
    /GalliardITCbyBT-Bold
    /GalliardITCbyBT-BoldItalic
    /GalliardITCbyBT-Italic
    /GalliardITCbyBT-Roman
    /Galliard-Roman
    /Galliard-Ultra
    /Galliard-UltraItalic
    /Garamond-Antiqua
    /GaramondBE-Bold
    /GaramondBE-BoldExpert
    /GaramondBE-BoldOsF
    /GaramondBE-CnExpert
    /GaramondBE-Condensed
    /GaramondBE-CondensedSC
    /GaramondBE-Italic
    /GaramondBE-ItalicExpert
    /GaramondBE-ItalicOsF
    /GaramondBE-Medium
    /GaramondBE-MediumCn
    /GaramondBE-MediumCnExpert
    /GaramondBE-MediumCnOsF
    /GaramondBE-MediumExpert
    /GaramondBE-MediumItalic
    /GaramondBE-MediumItalicExpert
    /GaramondBE-MediumItalicOsF
    /GaramondBE-MediumSC
    /GaramondBE-Regular
    /GaramondBE-RegularExpert
    /GaramondBE-RegularSC
    /GaramondBE-SwashItalic
    /Garamond-BoldCondensed
    /Garamond-BoldCondensedItalic
    /Garamond-Book
    /Garamond-BookCondensed
    /Garamond-BookCondensedItalic
    /Garamond-BookItalic
    /Garamond-Halbfett
    /Garamond-HandtooledBold
    /Garamond-HandtooledBoldItalic
    /GaramondITCbyBT-Bold
    /GaramondITCbyBT-BoldCondensed
    /GaramondITCbyBT-BoldCondItalic
    /GaramondITCbyBT-BoldItalic
    /GaramondITCbyBT-BoldNarrow
    /GaramondITCbyBT-BoldNarrowItal
    /GaramondITCbyBT-Book
    /GaramondITCbyBT-BookCondensed
    /GaramondITCbyBT-BookCondItalic
    /GaramondITCbyBT-BookItalic
    /GaramondITCbyBT-BookNarrow
    /GaramondITCbyBT-BookNarrowItal
    /GaramondITCbyBT-Light
    /GaramondITCbyBT-LightCondensed
    /GaramondITCbyBT-LightCondItalic
    /GaramondITCbyBT-LightItalic
    /GaramondITCbyBT-LightNarrow
    /GaramondITCbyBT-LightNarrowItal
    /GaramondITCbyBT-Ultra
    /GaramondITCbyBT-UltraCondensed
    /GaramondITCbyBT-UltraCondItalic
    /GaramondITCbyBT-UltraItalic
    /Garamond-Kursiv
    /Garamond-KursivHalbfett
    /Garamond-Light
    /Garamond-LightCondensed
    /Garamond-LightCondensedItalic
    /Garamond-LightItalic
    /GaramondNo4CyrTCY-Ligh
    /GaramondNo4CyrTCY-LighItal
    /GaramondThree
    /GaramondThree-Bold
    /GaramondThree-BoldItalic
    /GaramondThree-BoldItalicOsF
    /GaramondThree-BoldSC
    /GaramondThree-Italic
    /GaramondThree-ItalicOsF
    /GaramondThree-SC
    /GaramondThreeSMSIISpl-Italic
    /GaramondThreeSMSitalicSpl-Italic
    /GaramondThreeSMSspl
    /GaramondThreespl
    /GaramondThreeSpl-Bold
    /GaramondThreeSpl-Italic
    /Garamond-Ultra
    /Garamond-UltraCondensed
    /Garamond-UltraCondensedItalic
    /Garamond-UltraItalic
    /GarthGraphic
    /GarthGraphic-Black
    /GarthGraphic-Bold
    /GarthGraphic-BoldCondensed
    /GarthGraphic-BoldItalic
    /GarthGraphic-Condensed
    /GarthGraphic-ExtraBold
    /GarthGraphic-Italic
    /Geometric231BT-HeavyC
    /GeometricSlab712BT-BoldA
    /GeometricSlab712BT-ExtraBoldA
    /GeometricSlab712BT-LightA
    /GeometricSlab712BT-LightItalicA
    /GeometricSlab712BT-MediumA
    /GeometricSlab712BT-MediumItalA
    /Giddyup
    /Giddyup-Thangs
    /GillSans
    /GillSans-Bold
    /GillSans-BoldCondensed
    /GillSans-BoldExtraCondensed
    /GillSans-BoldItalic
    /GillSans-Condensed
    /GillSans-ExtraBold
    /GillSans-ExtraBoldDisplay
    /GillSans-Italic
    /GillSans-Light
    /GillSans-LightItalic
    /GillSans-LightShadowed
    /GillSans-Shadowed
    /GillSans-UltraBold
    /GillSans-UltraBoldCondensed
    /Gill-Special
    /Giovanni-Bold
    /Giovanni-BoldItalic
    /Giovanni-Book
    /Giovanni-BookItalic
    /Glypha
    /Glypha-Bold
    /Glypha-BoldOblique
    /Glypha-Oblique
    /Gothic-Thirteen
    /Goudy
    /Goudy-Bold
    /Goudy-BoldItalic
    /GoudyCatalogueBT-Regular
    /Goudy-ExtraBold
    /GoudyHandtooledBT-Regular
    /GoudyHeavyfaceBT-Regular
    /GoudyHeavyfaceBT-RegularCond
    /Goudy-Italic
    /GoudyOldStyleBT-Bold
    /GoudyOldStyleBT-BoldItalic
    /GoudyOldStyleBT-ExtraBold
    /GoudyOldStyleBT-Italic
    /GoudyOldStyleBT-Roman
    /GoudySans-Black
    /GoudySans-BlackItalic
    /GoudySans-Bold
    /GoudySans-BoldItalic
    /GoudySans-Book
    /GoudySans-BookItalic
    /GoudySansITCbyBT-Black
    /GoudySansITCbyBT-BlackItalic
    /GoudySansITCbyBT-Bold
    /GoudySansITCbyBT-BoldItalic
    /GoudySansITCbyBT-Light
    /GoudySansITCbyBT-LightItalic
    /GoudySansITCbyBT-Medium
    /GoudySansITCbyBT-MediumItalic
    /GoudySans-Medium
    /GoudySans-MediumItalic
    /Granjon
    /Granjon-Bold
    /Granjon-BoldOsF
    /Granjon-Italic
    /Granjon-ItalicOsF
    /Granjon-SC
    /GreymantleMVB-Ornaments
    /Helvetica
    /Helvetica-Black
    /Helvetica-BlackOblique
    /Helvetica-Black-SemiBold
    /Helvetica-Bold
    /Helvetica-BoldOblique
    /Helvetica-Compressed
    /Helvetica-Condensed
    /Helvetica-Condensed-Black
    /Helvetica-Condensed-BlackObl
    /Helvetica-Condensed-Bold
    /Helvetica-Condensed-BoldObl
    /Helvetica-Condensed-Light
    /Helvetica-Condensed-Light-Light
    /Helvetica-Condensed-LightObl
    /Helvetica-Condensed-Oblique
    /Helvetica-Condensed-Thin
    /Helvetica-ExtraCompressed
    /Helvetica-Fraction
    /Helvetica-FractionBold
    /HelveticaInserat-Roman
    /HelveticaInserat-Roman-SemiBold
    /Helvetica-Light
    /Helvetica-LightOblique
    /Helvetica-Narrow
    /Helvetica-Narrow-Bold
    /Helvetica-Narrow-BoldOblique
    /Helvetica-Narrow-Oblique
    /HelveticaNeue-Black
    /HelveticaNeue-BlackCond
    /HelveticaNeue-BlackCondObl
    /HelveticaNeue-BlackExt
    /HelveticaNeue-BlackExtObl
    /HelveticaNeue-BlackItalic
    /HelveticaNeue-Bold
    /HelveticaNeue-BoldCond
    /HelveticaNeue-BoldCondObl
    /HelveticaNeue-BoldExt
    /HelveticaNeue-BoldExtObl
    /HelveticaNeue-BoldItalic
    /HelveticaNeue-Condensed
    /HelveticaNeue-CondensedObl
    /HelveticaNeue-ExtBlackCond
    /HelveticaNeue-ExtBlackCondObl
    /HelveticaNeue-Extended
    /HelveticaNeue-ExtendedObl
    /HelveticaNeue-Heavy
    /HelveticaNeue-HeavyCond
    /HelveticaNeue-HeavyCondObl
    /HelveticaNeue-HeavyExt
    /HelveticaNeue-HeavyExtObl
    /HelveticaNeue-HeavyItalic
    /HelveticaNeue-Italic
    /HelveticaNeue-Light
    /HelveticaNeue-LightCond
    /HelveticaNeue-LightCondObl
    /HelveticaNeue-LightExt
    /HelveticaNeue-LightExtObl
    /HelveticaNeue-LightItalic
    /HelveticaNeueLTStd-Md
    /HelveticaNeueLTStd-MdIt
    /HelveticaNeue-Medium
    /HelveticaNeue-MediumCond
    /HelveticaNeue-MediumCondObl
    /HelveticaNeue-MediumExt
    /HelveticaNeue-MediumExtObl
    /HelveticaNeue-MediumItalic
    /HelveticaNeue-Roman
    /HelveticaNeue-Thin
    /HelveticaNeue-ThinCond
    /HelveticaNeue-ThinCondObl
    /HelveticaNeue-ThinItalic
    /HelveticaNeue-UltraLigCond
    /HelveticaNeue-UltraLigCondObl
    /HelveticaNeue-UltraLigExt
    /HelveticaNeue-UltraLigExtObl
    /HelveticaNeue-UltraLight
    /HelveticaNeue-UltraLightItal
    /Helvetica-Oblique
    /Helvetica-UltraCompressed
    /HelvExtCompressed
    /HelvLight
    /HelvUltCompressed
    /Humanist521BT-Bold
    /Humanist521BT-BoldCondensed
    /Humanist521BT-BoldItalic
    /Humanist521BT-ExtraBold
    /Humanist521BT-Italic
    /Humanist521BT-Light
    /Humanist521BT-LightItalic
    /Humanist521BT-Roman
    /Humanist521BT-RomanCondensed
    /Humanist521BT-UltraBold
    /Humanist521BT-XtraBoldCondensed
    /Humanist531BT-BlackA
    /Humanist531BT-BoldA
    /Humanist531BT-RomanA
    /Humanist531BT-UltraBlackA
    /Humanist777BT-BlackB
    /Humanist777BT-BlackCondensedB
    /Humanist777BT-BlackItalicB
    /Humanist777BT-BoldB
    /Humanist777BT-BoldCondensedB
    /Humanist777BT-BoldItalicB
    /Humanist777BT-ExtraBlackB
    /Humanist777BT-ExtraBlackCondB
    /Humanist777BT-ItalicB
    /Humanist777BT-LightB
    /Humanist777BT-LightCondensedB
    /Humanist777BT-LightItalicB
    /Humanist777BT-RomanB
    /Humanist777BT-RomanCondensedB
    /Humanist970BT-BoldC
    /Humanist970BT-RomanC
    /HumanistSlabserif712BT-Black
    /HumanistSlabserif712BT-Bold
    /HumanistSlabserif712BT-Italic
    /HumanistSlabserif712BT-Roman
    /ICMEX10
    /ICMMI8
    /ICMSY8
    /ICMTT8
    /Iglesia-Light
    /ILASY8
    /ILCMSS8
    /ILCMSSB8
    /ILCMSSI8
    /Imago-Book
    /Imago-BookItalic
    /Imago-ExtraBold
    /Imago-ExtraBoldItalic
    /Imago-Light
    /Imago-LightItalic
    /Imago-Medium
    /Imago-MediumItalic
    /Industria-Inline
    /Industria-InlineA
    /Industria-Solid
    /Industria-SolidA
    /Insignia
    /Insignia-A
    /IPAExtras
    /IPAHighLow
    /IPAKiel
    /IPAKielSeven
    /IPAsans
    /ITCGaramondMM
    /ITCGaramondMM-It
    /JAKEOpti-Regular
    /JansonText-Bold
    /JansonText-BoldItalic
    /JansonText-Italic
    /JansonText-Roman
    /JansonText-RomanSC
    /JoannaMT
    /JoannaMT-Bold
    /JoannaMT-BoldItalic
    /JoannaMT-Italic
    /Juniper
    /KabelITCbyBT-Book
    /KabelITCbyBT-Demi
    /KabelITCbyBT-Medium
    /KabelITCbyBT-Ultra
    /Kaufmann
    /Kaufmann-Bold
    /KeplMM-Or2
    /KisBT-Italic
    /KisBT-Roman
    /KlangMT
    /Kuenstler480BT-Black
    /Kuenstler480BT-Bold
    /Kuenstler480BT-BoldItalic
    /Kuenstler480BT-Italic
    /Kuenstler480BT-Roman
    /KunstlerschreibschD-Bold
    /KunstlerschreibschD-Medi
    /Lapidary333BT-Black
    /Lapidary333BT-Bold
    /Lapidary333BT-BoldItalic
    /Lapidary333BT-Italic
    /Lapidary333BT-Roman
    /LASY10
    /LASY5
    /LASY6
    /LASY7
    /LASY8
    /LASY9
    /LASYB10
    /LatinMT-Condensed
    /LCIRCLE10
    /LCIRCLEW10
    /LCMSS8
    /LCMSSB8
    /LCMSSI8
    /LDecorationPi-One
    /LDecorationPi-Two
    /Leawood-Black
    /Leawood-BlackItalic
    /Leawood-Bold
    /Leawood-BoldItalic
    /Leawood-Book
    /Leawood-BookItalic
    /Leawood-Medium
    /Leawood-MediumItalic
    /LegacySans-Bold
    /LegacySans-BoldItalic
    /LegacySans-Book
    /LegacySans-BookItalic
    /LegacySans-Medium
    /LegacySans-MediumItalic
    /LegacySans-Ultra
    /LegacySerif-Bold
    /LegacySerif-BoldItalic
    /LegacySerif-Book
    /LegacySerif-BookItalic
    /LegacySerif-Medium
    /LegacySerif-MediumItalic
    /LegacySerif-Ultra
    /LetterGothic
    /LetterGothic-Bold
    /LetterGothic-BoldSlanted
    /LetterGothic-Slanted
    /Life-Bold
    /Life-Italic
    /Life-Roman
    /LINE10
    /LINEW10
    /Linotext
    /Lithos-Black
    /LithosBold
    /Lithos-Bold
    /Lithos-Regular
    /LOGO10
    /LOGO8
    /LOGO9
    /LOGOBF10
    /LOGOSL10
    /LOMD-Normal
    /LubalinGraph-Book
    /LubalinGraph-BookOblique
    /LubalinGraph-Demi
    /LubalinGraph-DemiOblique
    /LucidaHandwritingItalic
    /LucidaMath-Symbol
    /LucidaSansTypewriter
    /LucidaSansTypewriter-Bd
    /LucidaSansTypewriter-BdObl
    /LucidaSansTypewriter-Obl
    /LucidaTypewriter
    /LucidaTypewriter-Bold
    /LucidaTypewriter-BoldObl
    /LucidaTypewriter-Obl
    /LydianBT-Bold
    /LydianBT-BoldItalic
    /LydianBT-Italic
    /LydianBT-Roman
    /LydianCursiveBT-Regular
    /Machine
    /Machine-Bold
    /Marigold
    /MathematicalPi-Five
    /MathematicalPi-Four
    /MathematicalPi-One
    /MathematicalPi-Six
    /MathematicalPi-Three
    /MathematicalPi-Two
    /MatrixScriptBold
    /MatrixScriptBoldLin
    /MatrixScriptBook
    /MatrixScriptBookLin
    /MatrixScriptRegular
    /MatrixScriptRegularLin
    /Melior
    /Melior-Bold
    /Melior-BoldItalic
    /Melior-Italic
    /MercuriusCT-Black
    /MercuriusCT-BlackItalic
    /MercuriusCT-Light
    /MercuriusCT-LightItalic
    /MercuriusCT-Medium
    /MercuriusCT-MediumItalic
    /MercuriusMT-BoldScript
    /Meridien-Bold
    /Meridien-BoldItalic
    /Meridien-Italic
    /Meridien-Medium
    /Meridien-MediumItalic
    /Meridien-Roman
    /Minion-Black
    /Minion-Bold
    /Minion-BoldCondensed
    /Minion-BoldCondensedItalic
    /Minion-BoldItalic
    /Minion-Condensed
    /Minion-CondensedItalic
    /Minion-DisplayItalic
    /Minion-DisplayRegular
    /MinionExp-Italic
    /MinionExp-Semibold
    /MinionExp-SemiboldItalic
    /Minion-Italic
    /Minion-Ornaments
    /Minion-Regular
    /Minion-Semibold
    /Minion-SemiboldItalic
    /MonaLisa-Recut
    /MrsEavesAllPetiteCaps
    /MrsEavesAllSmallCaps
    /MrsEavesBold
    /MrsEavesFractions
    /MrsEavesItalic
    /MrsEavesPetiteCaps
    /MrsEavesRoman
    /MrsEavesRomanLining
    /MrsEavesSmallCaps
    /MSAM10
    /MSAM10A
    /MSAM5
    /MSAM6
    /MSAM7
    /MSAM8
    /MSAM9
    /MSBM10
    /MSBM10A
    /MSBM5
    /MSBM6
    /MSBM7
    /MSBM8
    /MSBM9
    /MTEX
    /MTEXB
    /MTEXH
    /MTGU
    /MTGUB
    /MTMI
    /MTMIB
    /MTMIH
    /MTMS
    /MTMSB
    /MTMUB
    /MTMUH
    /MTSY
    /MTSYB
    /MTSYH
    /MTSYN
    /MusicalSymbols-Normal
    /Myriad-Bold
    /Myriad-BoldItalic
    /Myriad-CnBold
    /Myriad-CnBoldItalic
    /Myriad-CnItalic
    /Myriad-CnSemibold
    /Myriad-CnSemiboldItalic
    /Myriad-Condensed
    /Myriad-Italic
    /MyriadMM
    /MyriadMM-It
    /Myriad-Roman
    /Myriad-Sketch
    /Myriad-Tilt
    /NeuzeitS-Book
    /NeuzeitS-BookHeavy
    /NewBaskerville-Bold
    /NewBaskerville-BoldItalic
    /NewBaskerville-Italic
    /NewBaskervilleITCbyBT-Bold
    /NewBaskervilleITCbyBT-BoldItal
    /NewBaskervilleITCbyBT-Italic
    /NewBaskervilleITCbyBT-Roman
    /NewBaskerville-Roman
    /NewCaledonia
    /NewCaledonia-Black
    /NewCaledonia-BlackItalic
    /NewCaledonia-Bold
    /NewCaledonia-BoldItalic
    /NewCaledonia-BoldItalicOsF
    /NewCaledonia-BoldSC
    /NewCaledonia-Italic
    /NewCaledonia-ItalicOsF
    /NewCaledonia-SC
    /NewCaledonia-SemiBold
    /NewCaledonia-SemiBoldItalic
    /NewCenturySchlbk-Bold
    /NewCenturySchlbk-BoldItalic
    /NewCenturySchlbk-Italic
    /NewCenturySchlbk-Roman
    /NewsGothic
    /NewsGothic-Bold
    /NewsGothic-BoldOblique
    /NewsGothicBT-Bold
    /NewsGothicBT-BoldCondensed
    /NewsGothicBT-BoldCondItalic
    /NewsGothicBT-BoldExtraCondensed
    /NewsGothicBT-BoldItalic
    /NewsGothicBT-Demi
    /NewsGothicBT-DemiItalic
    /NewsGothicBT-ExtraCondensed
    /NewsGothicBT-Italic
    /NewsGothicBT-ItalicCondensed
    /NewsGothicBT-Light
    /NewsGothicBT-LightItalic
    /NewsGothicBT-Roman
    /NewsGothicBT-RomanCondensed
    /NewsGothic-Oblique
    /New-Symbol
    /NovareseITCbyBT-Bold
    /NovareseITCbyBT-BoldItalic
    /NovareseITCbyBT-Book
    /NovareseITCbyBT-BookItalic
    /Nueva-BoldExtended
    /Nueva-Roman
    /NuptialScript
    /OceanSansMM
    /OceanSansMM-It
    /OfficinaSans-Bold
    /OfficinaSans-BoldItalic
    /OfficinaSans-Book
    /OfficinaSans-BookItalic
    /OfficinaSerif-Bold
    /OfficinaSerif-BoldItalic
    /OfficinaSerif-Book
    /OfficinaSerif-BookItalic
    /OnyxMT
    /Optima
    /Optima-Bold
    /Optima-BoldItalic
    /Optima-BoldOblique
    /Optima-ExtraBlack
    /Optima-ExtraBlackItalic
    /Optima-Italic
    /Optima-Oblique
    /OSPIRE-Plain
    /OttaIA
    /Otta-wa
    /Ottawa-BoldA
    /OttawaPSMT
    /Oxford
    /Palatino-Bold
    /Palatino-BoldItalic
    /Palatino-Italic
    /Palatino-Roman
    /Parisian
    /Perpetua
    /Perpetua-Bold
    /Perpetua-BoldItalic
    /Perpetua-Italic
    /PhotinaMT
    /PhotinaMT-Bold
    /PhotinaMT-BoldItalic
    /PhotinaMT-Italic
    /PhotinaMT-SemiBold
    /PhotinaMT-SemiBoldItalic
    /PhotinaMT-UltraBold
    /PhotinaMT-UltraBoldItalic
    /Plantin
    /Plantin-Bold
    /Plantin-BoldItalic
    /Plantin-Italic
    /Plantin-Light
    /Plantin-LightItalic
    /Plantin-Semibold
    /Plantin-SemiboldItalic
    /Poetica-ChanceryI
    /Poetica-SuppLowercaseEndI
    /PopplLaudatio-Italic
    /PopplLaudatio-Medium
    /PopplLaudatio-MediumItalic
    /PopplLaudatio-Regular
    /ProseAntique-Bold
    /ProseAntique-Normal
    /QuaySansEF-Black
    /QuaySansEF-BlackItalic
    /QuaySansEF-Book
    /QuaySansEF-BookItalic
    /QuaySansEF-Medium
    /QuaySansEF-MediumItalic
    /Quorum-Black
    /Quorum-Bold
    /Quorum-Book
    /Quorum-Light
    /Quorum-Medium
    /Raleigh
    /Raleigh-Bold
    /Raleigh-DemiBold
    /Raleigh-Medium
    /Revival565BT-Bold
    /Revival565BT-BoldItalic
    /Revival565BT-Italic
    /Revival565BT-Roman
    /Ribbon131BT-Bold
    /Ribbon131BT-Regular
    /RMTMI
    /Rockwell
    /Rockwell-Bold
    /Rockwell-BoldItalic
    /Rockwell-Italic
    /Rockwell-Light
    /Rockwell-LightItalic
    /RotisSansSerif
    /RotisSansSerif-Bold
    /RotisSansSerif-ExtraBold
    /RotisSansSerif-Italic
    /RotisSansSerif-Light
    /RotisSansSerif-LightItalic
    /RotisSemiSans
    /RotisSemiSans-Bold
    /RotisSemiSans-ExtraBold
    /RotisSemiSans-Italic
    /RotisSemiSans-Light
    /RotisSemiSans-LightItalic
    /RotisSemiSerif
    /RotisSemiSerif-Bold
    /RotisSerif
    /RotisSerif-Bold
    /RotisSerif-Italic
    /RunicMT-Condensed
    /Sabon-Bold
    /Sabon-BoldItalic
    /Sabon-Italic
    /Sabon-Roman
    /SackersGothicLight
    /SackersGothicLightAlt
    /SackersItalianScript
    /SackersItalianScriptAlt
    /Sam
    /Sanvito-Light
    /SanvitoMM
    /Sanvito-Roman
    /Semitica
    /Semitica-Italic
    /SIVAMATH
    /Siva-Special
    /SMS-SPELA
    /Souvenir-Demi
    /Souvenir-DemiItalic
    /SouvenirITCbyBT-Demi
    /SouvenirITCbyBT-DemiItalic
    /SouvenirITCbyBT-Light
    /SouvenirITCbyBT-LightItalic
    /Souvenir-Light
    /Souvenir-LightItalic
    /SpecialAA
    /Special-Gali
    /Sp-Sym
    /StempelGaramond-Bold
    /StempelGaramond-BoldItalic
    /StempelGaramond-Italic
    /StempelGaramond-Roman
    /StoneSans
    /StoneSans-Bold
    /StoneSans-BoldItalic
    /StoneSans-Italic
    /StoneSans-PhoneticAlternate
    /StoneSans-PhoneticIPA
    /StoneSans-Semibold
    /StoneSans-SemiboldItalic
    /StoneSerif
    /StoneSerif-Italic
    /StoneSerif-PhoneticAlternate
    /StoneSerif-PhoneticIPA
    /StoneSerif-Semibold
    /StoneSerif-SemiboldItalic
    /Swiss721BT-Black
    /Swiss721BT-BlackCondensed
    /Swiss721BT-BlackCondensedItalic
    /Swiss721BT-BlackExtended
    /Swiss721BT-BlackItalic
    /Swiss721BT-BlackOutline
    /Swiss721BT-BlackRounded
    /Swiss721BT-Bold
    /Swiss721BT-BoldCondensed
    /Swiss721BT-BoldCondensedItalic
    /Swiss721BT-BoldCondensedOutline
    /Swiss721BT-BoldExtended
    /Swiss721BT-BoldItalic
    /Swiss721BT-BoldOutline
    /Swiss721BT-BoldRounded
    /Swiss721BT-Heavy
    /Swiss721BT-HeavyItalic
    /Swiss721BT-Italic
    /Swiss721BT-ItalicCondensed
    /Swiss721BT-Light
    /Swiss721BT-LightCondensed
    /Swiss721BT-LightCondensedItalic
    /Swiss721BT-LightExtended
    /Swiss721BT-LightItalic
    /Swiss721BT-Medium
    /Swiss721BT-MediumItalic
    /Swiss721BT-Roman
    /Swiss721BT-RomanCondensed
    /Swiss721BT-RomanExtended
    /Swiss721BT-Thin
    /Swiss721BT-ThinItalic
    /Swiss921BT-RegularA
    /Symbol
    /Syntax-Black
    /Syntax-Bold
    /Syntax-Italic
    /Syntax-Roman
    /Syntax-UltraBlack
    /Tekton
    /Times-Bold
    /Times-BoldA
    /Times-BoldItalic
    /Times-BoldOblique
    /Times-Italic
    /Times-NewRoman
    /Times-NewRomanBold
    /TimesNewRomanPS-BoldItalicMT
    /TimesNewRomanPS-ItalicMT
    /TimesNewRomanPSMT
    /Times-Oblique
    /Times-PhoneticAlternate
    /Times-PhoneticIPA
    /Times-Roman
    /Times-RomanSmallCaps
    /Times-Sc
    /Times-SCB
    /Times-special
    /TimesTenGreekP-Upright
    /TradeGothic
    /TradeGothic-Bold
    /TradeGothic-BoldCondTwenty
    /TradeGothic-BoldCondTwentyObl
    /TradeGothic-BoldOblique
    /TradeGothic-BoldTwo
    /TradeGothic-BoldTwoOblique
    /TradeGothic-CondEighteen
    /TradeGothic-CondEighteenObl
    /TradeGothicLH-BoldExtended
    /TradeGothicLH-Extended
    /TradeGothic-Light
    /TradeGothic-LightOblique
    /TradeGothic-Oblique
    /Trajan-Bold
    /Trajan-Regular
    /Transitional521BT-BoldA
    /Transitional521BT-CursiveA
    /Transitional521BT-RomanA
    /Transitional551BT-MediumB
    /Transitional551BT-MediumItalicB
    /Univers
    /Universal-GreekwithMathPi
    /Universal-NewswithCommPi
    /Univers-BlackExt
    /Univers-BlackExtObl
    /Univers-Bold
    /Univers-BoldExt
    /Univers-BoldExtObl
    /Univers-BoldOblique
    /Univers-Condensed
    /Univers-CondensedBold
    /Univers-CondensedBoldOblique
    /Univers-CondensedOblique
    /Univers-Extended
    /Univers-ExtendedObl
    /Univers-ExtraBlackExt
    /Univers-ExtraBlackExtObl
    /Univers-Light
    /Univers-LightOblique
    /Univers-Oblique
    /Utopia-Black
    /Utopia-BlackOsF
    /Utopia-Bold
    /Utopia-BoldItalic
    /Utopia-Italic
    /Utopia-Ornaments
    /Utopia-Regular
    /Utopia-Semibold
    /Utopia-SemiboldItalic
    /VAGRounded-Black
    /VAGRounded-Bold
    /VAGRounded-Light
    /VAGRounded-Thin
    /Viva-BoldExtraExtended
    /Viva-Regular
    /Weidemann-Black
    /Weidemann-BlackItalic
    /Weidemann-Bold
    /Weidemann-BoldItalic
    /Weidemann-Book
    /Weidemann-BookItalic
    /Weidemann-Medium
    /Weidemann-MediumItalic
    /WindsorBT-Elongated
    /WindsorBT-Light
    /WindsorBT-LightCondensed
    /WindsorBT-Roman
    /Wingdings-Regular
    /WNCYB10
    /WNCYI10
    /WNCYR10
    /WNCYSC10
    /WNCYSS10
    /WoodtypeOrnaments-One
    /WoodtypeOrnaments-Two
    /ZapfCalligraphic801BT-Bold
    /ZapfCalligraphic801BT-BoldItal
    /ZapfCalligraphic801BT-Italic
    /ZapfCalligraphic801BT-Roman
    /ZapfChanceryITCbyBT-Bold
    /ZapfChanceryITCbyBT-Demi
    /ZapfChanceryITCbyBT-Medium
    /ZapfChanceryITCbyBT-MediumItal
    /ZapfChancery-MediumItalic
    /ZapfDingbats
    /ZapfDingbatsITCbyBT-Regular
    /ZapfElliptical711BT-Bold
    /ZapfElliptical711BT-BoldItalic
    /ZapfElliptical711BT-Italic
    /ZapfElliptical711BT-Roman
    /ZapfHumanist601BT-Bold
    /ZapfHumanist601BT-BoldItalic
    /ZapfHumanist601BT-Demi
    /ZapfHumanist601BT-DemiItalic
    /ZapfHumanist601BT-Italic
    /ZapfHumanist601BT-Roman
    /ZapfHumanist601BT-Ultra
    /ZapfHumanist601BT-UltraItalic
    /ZurichBT-Black
    /ZurichBT-BlackExtended
    /ZurichBT-BlackItalic
    /ZurichBT-Bold
    /ZurichBT-BoldCondensed
    /ZurichBT-BoldCondensedItalic
    /ZurichBT-BoldExtended
    /ZurichBT-BoldExtraCondensed
    /ZurichBT-BoldItalic
    /ZurichBT-ExtraBlack
    /ZurichBT-ExtraCondensed
    /ZurichBT-Italic
    /ZurichBT-ItalicCondensed
    /ZurichBT-Light
    /ZurichBT-LightCondensed
    /ZurichBT-LightCondensedItalic
    /ZurichBT-LightExtraCondensed
    /ZurichBT-LightItalic
    /ZurichBT-Roman
    /ZurichBT-RomanCondensed
    /ZurichBT-RomanExtended
    /ZurichBT-UltraBlackExtended
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -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
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /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
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox false
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (U.S. Web Coated \050SWOP\051 v2)
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org)
  /PDFXTrapped /Unknown

  /SyntheticBoldness 1.000000
  /Description <<
    /FRA <>
    /JPN <FEFF3053306e8a2d5b9a306f30019ad889e350cf5ea6753b50cf3092542b308000200050004400460020658766f830924f5c62103059308b3068304d306b4f7f75283057307e30593002537052376642306e753b8cea3092670059279650306b4fdd306430533068304c3067304d307e305930023053306e8a2d5b9a30674f5c62103057305f00200050004400460020658766f8306f0020004100630072006f0062006100740020304a30883073002000520065006100640065007200200035002e003000204ee5964d30678868793a3067304d307e30593002>
    /DEU <>
    /PTB <>
    /DAN <>
    /NLD <>
    /ESP <>
    /SUO <>
    /ITA <>
    /NOR <>
    /SVE <>
    /ENU <>
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


