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Abstract

This paper provides an economic explanation for the increasing reliance of the state on
revenue from user charges on excludable public goods. We develop a model with many
identical countries. The government of each country levies a capital tax on the domestic
production sector and supplies an excludable public good to heterogeneous households. Under
immobile capital, the price on the public good is zero. Under mobile capital, in contrast, the
countries engage in tax competition and each country chooses a strictly positive price on the
public good. With quasi-linear preferences, the reliance on user charges is shown to increase
as tax competition becomes more intensive.

JEL classification: H41, H73, H77.

Keywords: excludable public goods, tax competition.

Bernd Huber Marco Runkel
University of Munich University of Munich
Department of Economics Department of Economics
Ludwigstr. 28, Vgb., 111 Ludwigstr. 28, Vgb., 111
80539 Munich 80539 Munich
Germany Germany

huber.sekretariat@lrz.uni-muenchen.de marco.runkel@lrz.uni-muenchen.de



1 Introduction

For many public goods, potential users can be excluded from consumption, if they are
not willing to pay the user charge or user fee. Examples for such excludable public
goods include highways, schools, universities, national parks and television programs.
The supply of these goods is attractive for the government since the user charge offers
an additional source of revenue. In the US, for example, it is common that state and
local governments levy user charges for public education on the primary or secondary
level (Wassmer and Fisher 2002). Students of public universities have to pay tuition
fees, not only in the US (Canton 2002). Moreover, almost all European countries
run public broadcasting stations which are often financed by user fees (O’Hagan and
Jennings 2003). Another example is road pricing which has a long tradition in Europe
and which the European Commission plans to intensify (European Commission 2001).

In most countries, taxes still account for the largest part of government revenue. But
the reliance on user charges is important as well. Table 1 provides evidence from the US.

The reliance on charges is the highest on the local level where more than 15% of general

Table 1: US government reliance on current charges by percentage of general revenue

Fiscal year 1976-1977 1981-1982 1986-1987 1991-1992 1996-1997 2000/2001

Federal 8.8 9.3 11.5 10.5 n.a. n.a.
State 7.1 6.4 7.6 8.7 8.5 8.9
Local 10.7 11.4 13.2 14.6 15.9 15.3

Source: Wassmer and Fisher (2002, p. 88); US Department of Commerce, Bureau of Census

revenue currently stem from user charges. At all levels of government, the importance
of user charges significantly increased over the past 30 years.! Of course, these figures
include not only revenue from public goods, but also from publicly provided private
goods like e.g. water or electric power supply. But we find similar evidence if we focus
on selected governmental services which have substantial public good properties. For

example, on the local level in the US the revenue from user charges on parks and

!Under broader definitions of user charges, estimations for state and local governments in the fiscal
year 1986-87 even range from 22% (Tannenwald 1990) up to 35% (Netzer 1992, Downing 1992).



recreation activities as a percentage of expenditures on these goods increased from
14.1% in 1962 to 23.4% in 1989. For highways and parking this ratio even raised from
14.0% to 35.5% (Netzer 1992).

One economic rationale for user charges (or prices) on public goods are externalities
caused by the consumption of these goods. Most importantly, public goods are often
subject to congestion. The limited capacity and the use of one consumer generate time
or opportunity cost to other consumers. Such congestion externalities are especially
relevant for highways and universities. They cause an inefficiently high consumption
of the public good which can be corrected for by user fees (e.g. Oakland 1987). En-
vironmental pollution is a further kind of externality which may justify user charges.
Such an argument is often applied to road pricing (e.g. Calthrop and Proost 1998).

This paper presents another economic explanation of the widespread use of prices
on public goods, namely (capital) tax competition among countries. We develop a
model of a world economy with many identical countries. The government of each
country levies a unit tax on capital input of the domestic production sector. Capital
is inelastically supplied by households. Moreover, the government provides a public
good to households which differ in their preferences for this good. The public good
is assumed to be excludable. Thus, the government has to decide not only about the
quantity of the good, but also whether households should be charged with a price
or whether consumption of the public good should be for free. If a positive price is
charged, households have to decide how much of the public good they want to consume.

Within this framework, we investigate the policy chosen by the welfare-maximizing
government of a representative country under alternative assumptions regarding capital
mobility. Under immobile capital, the government sets the price on the public good
equal to zero. The reason is that the capital tax is then effectively a lump sum tax
which ensures an efficient provision of the public good according to the Samuelson
rule. In contrast, under mobile capital the capital tax becomes a distortionary tax.
The countries engage in tax competition since an increase in the domestic tax rate
leads to an outflow of capital. The government then imposes a positive price on the
public good since this generates additional revenue such that the underprovision (which

would occur for a zero price or, equivalently, for pure, nonexcludable public goods) is



mitigated. For the special case of quasi-linear preferences, we also show that the public
good price and the reliance on user charges increase if tax competition is intensified.
Since empirical evidence suggests that capital has become more mobile over the past
decades, our results can help to explain the above-mentioned widespread and increasing
use of prices on public goods.

Since the seminal work of Zodrow and Mieszkowski (1986), a vast literature on tax
competition has been developed. Recent contributions are, for example, Huber (1999)
or Mintz and Smart (2004). Surveys can be found in Wilson (1999), Fuest et al. (2003)
and Wilson and Wildasin (2004). To the best of our knowledge, however, an analysis of
tax competition in the presence of excludable public goods is not available. There is also
a steadily growing literature on excludable public goods. See, for example, Brito and
Oakland (1980), Burns and Walsh (1981), Fraser (1996), Schmitz (1997) and Cremer
and Laffont (2003). But this line of literature does not account for tax competition.
Related to our study is the paper of Blomquist and Christiansen (2001). They show
that the price on an excludable public good may be positive if the government employs
a nonlinear income tax under asymmetric information. Our approach is different since
in our model tax competition is responsible for positive prices on public goods.

The paper is organized as follows. In Section 2, we describe the basic model. Section
3 investigates the government’s policy under immobile capital. In Section 4, we turn to
the case of mobile capital and tax competition. Section 5 derives further results under

the additional assumption of quasi-linear preferences and Section 6 concludes.

2 The Model

We consider a model of a world economy with many identical countries. A representa-
tive country is populated by n > 1 households which are described in more detail below.
For the moment, we note that each household is endowed with & > 0 units of capital
which it inelastically supplies at the capital market. In addition, each household owns
a fraction of 1/nth of the representative firm in the country. The firm’s production
technology is described by X (k) where £ > 0 denotes the firm’s capital stock. The
production function X is twice continuously differentiable and satisfies X'(k) > 0 and

X"(k) < 0. The government of the representative country levies a unit tax 7 > 0 on
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the firm’s capital input. Denoting the interest rate in the representative country by

r > 0, profit of the production firm is
(k) = X(k) — (r + 7)k.

The firm takes as given the tax rate and the interest rate and chooses the capital stock
in order to maximize profit. The first-order condition X'(k) = r + 7 determines the
firm’s demand for capital as a function of the tax rate and the interest rate. Let this
capital demand be denoted by K (r+ 7). Differentiating the first-order condition yields
K'=1/X" < 0. An increase in 7 or r thus reduces the firm’s capital demand.

We will consider two different versions of capital mobility. As a benchmark, attention
is paid to the case where capital is totally immobile. The capital supply in each country
is then fixed at nk. Equilibrium at the representative country’s capital market requires
nk = K(r +7) = k* where k* stands for the equilibrium amount of capital. Since the
capital supply is fixed at nk, an increase in the domestic tax rate induces a fall of the
domestic interest rate in order to maintain the capital market equilibrium. Formally,
the equilibrium condition implies dk* /dr = 0. Under immobile capital, the capital tax
therefore represents a lump sum tax which leaves undistorted the production decision
of the representative firm.

In the second case, capital is mobile. From an individual country’s perspective, the
capital tax then becomes a source-based tax on capital and the countries play a tax
competition game: Denoting by 7 the world interest rate, interest arbitrage under
capital mobility implies » = r, i.e. the domestic interest rate equals the world interest
rate. We assume that each country is sufficiently small such that it acts as a price taker
on the world capital market and takes as given the world interest rate. The equilibrium
capital stock in the representative country is then determined by k* = K(r* + 7) and
an increase in the domestic tax rate no longer induces a reduction in the domestic
interest rate. Instead, the tax increase ceteris paribus leads to an outflow of capital
amounting to dk*/dr = K' < 0. We concentrate on a symmetric equilibrium of the tax
competition game. Of course, the symmetry assumption implies that, in equilibrium,
the capital stock in each country equals nk, as under immobile capital.

Total available resources in the representative country consist of the output of the

domestic firm and the sum of capital endowments plus interest payments. These avail-
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able resources may be used to produce a private good and a public good. We assume
linear production technologies. Units are chosen such that producing one unit of the
private good requires exactly one unit of the available resources and producing one
unit of the public good uses up a > 0 units of the available resources. The parameter
a therefore reflects the marginal production cost of the public good.

Consider now the households in the representative country. Each household earns
income from the profit of the firm and from the endowment with capital. For simplicity,

we ignore other sources of income. Total income of a household then amounts to

Y(r) = (k") + (L + 1)k, (1)

n

where k* = nk under immobile capital while k* = K (r” 4+ 7) and r = 7% under mobile
capital. The first term in (1) is the income from the household’s share of the firm’s
profit and the second term stands for capital endowment plus interest payments. Total
income is the same for all households. Differentiating yields Y'(7) = —k*/n < 0 where
in case of mobile capital we employed the first-order condition of profit maximization.

While all households have the same income, they differ with respect to their prefer-
ences for the public good. These preferences constitute the type of a household and are
expressed by the parameter . Higher values of [ indicate stronger preferences. The
parameter 3 is distributed over the interval [0, 5] with the distribution function F(3)
and the density function f(3) which satisfy F(0) =0, F(3) = 1 and f(8) = dF(B)/dp.
The utility of a household of type (3 is given by the twice continuously differentiable
and quasi-concave utility function U(c, g, 5) where ¢ > 0 denotes consumption of the
private good and g > 0 is the quantity of the public good. Marginal utility of the
private good is positive and non-increasing (U, > 0, U,.. < 0). Marginal utility of the
public good is positive and strictly decreasing (U, > 0, Uy, < 0). Stronger preferences
for the public good mean that the marginal utility of the public good increases while
the marginal utility of the private good is non-decreasing, i.e. the cross derivatives of
the utility function satisfy Uys > 0 and U, < 0. Both goods are assumed to be normal.

The government supplies a quantity g, > 0 of the public good. The public good
is nonrival in consumption, but we assume that (costless) exclusion is possible. The
government may therefore charge a user fee or price p per unit of the public good.

An individual household is allowed to consume only those units which she has paid



for. Using the private good as numeraire, the household’s budget constraint is given
by y = ¢+ pg where total income y = Y (7) is defined in (1). Taking as given this
income and the price of the public good, the household has to decide how much of the
public good she wants to consume. The maximum amount the household can consume
is g5, the quantity supplied by the government. Taking into account this constraint,

the utility maximization problem of a type  household may be written as

max Uly —pg,9,6] st g<gs (2)

The constraint ¢ < ¢, may or may not be binding depending on the household’s
preferences for the public good. In case the constraint is binding, the household is
effectively rationed, i.e. at price p she would like to consume more than g,. Such a
household is said to be quantity-rationed. In contrast, if the constraint is not binding,
the household’s demand falls short of the government’s supply. The household is then
said to be price-excluded since she consumes less than the total supply g;.

Let us first consider the solution of the utility maximization problem (2) when the
household is price-excluded. Since the constraint g < g, is not binding in this case, the

first-order condition for a utility maximum can be rearranged to

U - y Y
MRS’ (s,p.5) = VPR, (3)

where the marginal rate of substitution MRSP reflects the household’s marginal willing-
ness-to-pay for the public good. Equation (3) states that this willingness-to-pay equals
the price of the public good. It implicitly defines the household’s uncompensated
demand for the public good as a function of the price, the income and the preference
parameter. This function is denoted by G(y, p, 5). Since we assume the public good to
be normal, it follows G, > 0 and, by the Slutzky decomposition, G, = GZ -GG, <0
where GZ < 0 is the derivative of the compensated demand function with respect to
the price of the public good. Moreover, applying the implicit function theorem to (3)
vields Gg = —(Uys — pUes)/A > 0 with A = Uy, + p*U,. — 2pU,, < 0 due to the
second-order condition of utility maximization. The positive sign of Gg confirms the
intuitive result that the demand for the public good is the larger, the larger are the

preferences for this good. The indirect utility function of a price-excluded household is

Vp(yapa 5) - U[y _pG(yapa 5)7 G(yapa ﬁ)aﬁ]
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It satisfies the standard properties V() = U.(-) > 0, V(-) = —G(-)Uc(-) < 0 and
Roy’s identity G(-) = =V (:)/VP(:).

Consider next the solution of the utility maximization problem (2) when the house-
hold is quantity-rationed. In this case, the optimal demand for the public good equals
gs independent of the household’s type. Since the constraint in (2) is binding, the

first-order condition for the utility maximum can be written as

Uy(y — pYs, gs, B) A
MRSY(y, p, g5, B) = =2 =p+ > p, 4
(y:p: 95, 9) Ue(y — pgs, s, B) Uc(y — pYs, 95, B) (4)

where A\ > 0 is the Lagrange multiplier associated with the constraint ¢ < g,. Equation
(4) confirms that a quantity-rationed household is willing to pay more for the public

good than she actually has to pay. Her indirect utility function is

Vq(yapa Js, B) - U[y — DPYs, Gs, B]

We obtain VI(:) = Uc(-) > 0, VJ(-) = —gsUc(-) < 0 and V() = V(-)[MRS?(:) —
p] > 0. Note that Roy’s identity is true also for a quantity-rationed household since
VIOV = g

Depending on their preferences for the public good, households can be either price-
excluded or quantity-rationed. The marginal household has preferences 5™ such that
her marginal willingness-to-pay for the public good supply g¢s equals the price p, i.e.
MRS?(y, p, gs, B™) = p or, equivalently, V!(y,p, gs, 3™) = 0. The unrestricted public
good demand of this household is just equal to the quantity supplied so that

G(y,p, ™) = gs. (5)

Equation (5) implicitly defines the marginal household as a function of the income, the
price and the supplied quantity of the public good. Formally, we have ™ = B(y, p, gs)
with B, = -G,/Gz < 0, B, = —G,/Gz > 0 and B, = 1/Gz > 0. Moreover, (5)
together with G5 > 0 implies that G(y,p, 8) = g, if and only if 5 = ™. Hence, all
households with public good preferences in the interval [0, 5] are price-excluded while
households with public good preferences in the interval [3™, 5] belong to the group of
quantity-rationed households. If consumption of the public good is for free, we obtain
f™ = B(y,0,gs) = 0 since the first-order condition of utility maximization implies

A =U,(-) > 0 for all 8 €0, []. All households are then quantity-rationed.
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Let us now turn to the government of the representative country. Social welfare in

the country is given by the Utilitarian welfare function

g™ B
W(r,p.gs) = n / V?(y,p, B)dF(B) + n / V9(y,p, g, B)AF (B), (6)

0 m
with ™ = B(y,p,gs) and y = Y(7). The two terms in the welfare function (6)
reflect the utility of the price-excluded and the quantity-rationed households. The
governmental budget constraint reads

ags = np 06 G(y, p, B)AF (B) + npgs[1 — F(B™)] + Tk, (7)
with k* = nk under immobile capital and k* = K (r* + 7) under mobile capital. The
LHS of (7) equals the government’s expenditures on the public good. The government’s
revenue is reflected by the three terms on the RHS. They represent the payments of
price-excluded households for the public good, the payments of the quantity-rationed
households for the public good and the tax revenue, respectively. The government of
the representative country chooses the tax rate on capital and the price and quantity
of the public good such that these variables maximize social welfare (6) subject to the
budget constraint (7). The Lagrangean for this problem is

g™ B
L= o [ Vi BFE) +n [ V(.5 (0)

m

ﬂm
Fu [np / Gy, p, B)AF(B) + npgs[L — F(B™)] + 7k* — ag, |,
0

where the Lagrange multiplier g > 0 represents the marginal cost of public funds. We
assume an interior solution with respect to the capital tax and the supplied quantity of
the public good, but allow for corner solutions with respect to the price of the public
good. The first-order conditions of welfare maximization can then be written as

e ] . g TE
L, =—k [/ Vyde—i—/V;}qu]—f—uk {l—p/ GydF — ]:0, (8)
0 Bgm 0 r+T

g™ B g™
Lp:n/ ‘/;7de+”/‘/;7qu+/1/|:”/ (G+pGp)dF+ngs[1—F(ﬁm)]] <0, (9)
0 pgm 0

pL, =0, (10)



B
Lg:n/%qu+u[np[1—F(6m)]—a =0, (11)

m

6m
L,= np/ G dF + npgs[1 — F(™)] + 7k* — ags = 0, (12)
0

where, for notational convenience, we suppressed the arguments of the functions when
there is no risk of misunderstanding. ¢ = —[dk*/d(r + 7)] - (r + 7)/k* > 0 is the
elasticity of the equilibrium capital input with respect to r + 7. This elasticity may
be interpreted as a measure of the degree of (outward) capital mobility. It is assumed
to be non-decreasing in r + 7, i.e. de/d(r + 7) > 0.2 With the help of (8) to (12) we
now investigate the solution to the government’s welfare maximization problem under

different assumptions regarding capital mobility.?

3 Immobile Capital

Under immobile capital, the equilibrium capital stock of the representative country
does not depend on the tax rate. Formally, we have dk*/dr = 0 and ¢ = 0. To
characterize the solution of the government’s problem in this case, we ask whether the
welfare maximum is reached if the government sets the price of the public good equal
to zero. Under a zero price, the marginal household ™ is zero, too, and all households
are quantity-rationed. The first-order condition (8) then implies y = IOB VJ/dF,ie. the
marginal cost of public funds equals the mean of the households’ marginal utility of

income. Inserting this and V! = V., MRS? into (11) yields

B B
n / VMRS’ dF = a / Vi dF. (13)
0 0

2In the special case of quasi-linear preferences which we consider in Section 5, this assumption is
sufficient for the welfare function to be concave in the tax rate 7. The assumption is satisfied by a
large class of production functions. For example, if X (k) = k7, thene = 1/(1—~) and de/d(r+7) = 0.
For X (k) =In(k +1) we obtaine =1/(1 —r —7) and de/d(r +7) = 1/(1 =7 —7)? > 0.

31t is straightforward to show that in the welfare optimum g, < G(y,p, ) so that B™ lies in
the interval [0, 3]. Suppose the opposite, i.e. g5 > G(y,p, 3) or, equivalently, g; > G(y,p,3) for all
B € [0,/]. All households are on their demand curve for the public good. But the government may
then relax its budget constraint by reducing the public good supply ¢s. For a given tax rate, the
price of the public good may be lowered with the consequence that utility of all households increases

according to V)7 < 0. The reduction of g5 does not have a welfare effect since V* is independent of gs.
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For the time being, suppose the marginal utility of the private good does not depend
on the preference parameter 3, i.e. U,g = 0. The marginal utility of income, V7 = U,,

is then independent of the household’s type and (13) simplifies to
B
n/ MRS?dF = a. (14)
0

This is the familiar Samuelson rule stating that the sum of the households’ marginal
willingness-to-pay just offsets the marginal cost of the public good. It is well known
that this condition characterizes the first-best optimum chosen by a benevolent social
planner, and it is straightforward to show that this is true also in our model with an
excludable public good (see the appendix). Hence, the best strategy the government
can pursue in case of immobile capital and U,z = 0 is to finance its expenditures
solely by the capital tax and to supply the public good free of charge. Indicating

welfare-maximizing values by a star, this result is summarized in

Proposition 1. Suppose capital is immobile and U3 = 0. Then the government
chooses p* = 0 and 7" = ag’/nk > 0 where the public good supply g* is determined by
the Samuleson rule (14).

The intuition of Proposition 1 is as follows. If capital is immobile, the countries do not
engage in tax competition. The domestic capital stock is not affected by tax changes
and the tax leaves undistorted the production decision of the domestic firm. The
capital tax is therefore effectively a lump sum tax which on its own ensures an efficient
supply of the public good according to the Samuelson rule. This is the reason why no
additional charge on the consumption of the public good is needed.

It should be noted that Proposition 1 cannot be generalized to the case where the
marginal utility of the private good is strictly decreasing in the preference parameter
(U < 0). Implicitly contained in the Utilitarian welfare function (6) is a distribu-
tional goal. The government wants to equalize the marginal utility of income across
households. If U.,g = 0 and p = 0, this goal is realized since all households are quantity-
rationed and the marginal utility of income, V! = U,, does not depend on the household
type 8. But if U,s < 0, then the marginal utility of income differs between households
even if the price of the public good is zero and all households are quantity-rationed.

In this case, it can be shown that setting p = 0 results in an underprovision of the

10



public good relatively to the Samuelson rule.* It may then be welfare-enhancing for
the government to levy a positive price on the public good in order to overcome this
underprovision. For U, < 0, the optimal price of the public good may therefore be

positive even under immobile capital.

4 Mobile Capital

Suppose now that capital is mobile. The equilibrium capital stock in the represen-
tative country is then k* = K(r" 4+ 7). The countries engage in tax competition
since an increase in the domestic tax rate ceteris paribus reduces the capital stock by
dk*/dr = K' < 0. The elasticity of capital is strictly positive (¢ > 0). In case of
pure (nonexcludable) public goods, it is well known from the literature that such tax
competition typically leads to an equilibrium with inefficiently low tax rates and an
underprovision of the public good. This result can be proven also in our model: If
exclusion is not feasible, the price of the public good is fixed at zero. The welfare-
maximizing policy is then determined by (8), (11), (12) and p = 0. By conducting a
comparative static analysis, it is straightforward to show that an increase in ¢ from
zero (no tax competition) to a positive value (tax competition) reduces the optimal
tax rate 7* and the optimal public good supply g:.

As preparation for the subsequent analysis, we now investigate how this underprovi-
sion result is affected if the price is parametrically moved from zero (pure public good)

to a positive value (excludable public good). The result is contained in

Lemma 1. Suppose capital is mobile and p is equal to zero. A marginal increase in p

then reduces T* and increases g;.

Proof: If p is treated as parameter, the welfare-maximizing policy is determined by

(8), (11) and (12). The impact of p can then be obtain by a comparative static analysis

4To be more specific, U.s < 0 implies that V,l = U, depends on 3. Equation (13) can then be
rearranged to n fOB MRS?dF = a—n-cov[V}], MRS?]/V,! where V;! = fOB V,} dF'is the average marginal
utility of income. V3 = Uz < 0 and MRS}, = (UysU, — UepU,) /U7 > 0 imply that the covariance in
this expression is negative. Hence, there is an underprovision relatively to the Samuelson rule.

5We skip the formal proof of this result because it is standard in the tax competition literature.

See the articles already referred to in the introduction.

11



of these conditions. Totally differentiating and applying Cramer’s rule yields

dr” = LTPLZ# + LypuLryLgg — Loy LipgLgy — LygLgy Ly, (15)
@ _ Lngfu + Ly, LogyLrr — LygLy, Ly — LypLg,Lry (16)

where we have used L,, = 0 and where |#| is the determinant of the bordered Hessian
of L, = L, = L, = 0. It has to be positive due to the second-order conditions
of welfare maximization. Computing the second derivatives of the Lagrangean and

evaluating them at p = 0 yields

2 B pk* er® de
L,s = Vi dF — L 17
n /0 vy rw—l—T{rw—l—TjLTdT} (17)
L., = —k* 3vq dF, L., — —k* Bvq iF. L, =k — N 18
™ — o yp ) T — 0 yg ) T — _7”“]—|—7', ( )

B B
L,, = n/‘/;,"g dF +pun, Ly, =ngs, Ly = n/V:q‘fq dF, Ly, =—a, (19)
0 0
where we used L, = 0 to simplify L,,. From the definition of V9, we obtain

V;}q = Uc > 07 Vi = Ucc < 07 Vy%) = _gsUcc > 07 Vi

vy vg

ch - pUcc Z 07
- 2
Vi =—U,—gV8 <0, Vi =p?Ue—2pUcq + Ugy < 0.

The sign of VI follows from the second-order condition of individual utility maxi-
mization and the sign of V,¢ is due to G, > 0. From (17) to (19) we then obtain
L., <0,L,y<0,L, >0 Ly <0and Ly, <0. Ly, > 0 follows from the first-
order condition (8). Equation (9) together with p = 0 implies p = IOB U.dF and
Lpg = —ng; fOB Vi dF < 0. Taking into account all these derivatives of the Lagrangean
in (15) immediately proves d7*/dp < 0. To check the sign of (16), note that

* B
9 _ ngsTek* Ly,
Lg U= Loyl = =4 |V dF >0 (20)
arek® [P angspuk* [ er? de
L, L,,.L..—L.,L,,L,,=—— V4 dF - —1 > 0. (21
Prak L rw+T/0 w8 rY 4T |:7"w+7'+7-d7':| (21)

Remember that de/dr > 0. Inserting (20) and (21) into (16) yields dg’/dp > 0. |
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Lemma 1 shows that, at the margin, a positive price reduces the welfare-maximizing
capital tax rate compared to the case of a zero price or, equivalently, to the case of a pure
public good. Hence, the exclusion property of the public good aggravates the tendency
to undertaxation. However, the positive price also generates additional revenue for
the government, and this additional revenue more than outweighs the revenue loss
caused by the decline in the tax rate. At the margin, exclusion therefore mitigates the
underprovision of public goods.

With this insight, it is straightforward to answer the question whether capital mo-
bility induces the government of the representative country to charge households with

a positive price for the public good. We obtain

Proposition 2. Suppose capital is mobile. Then the government sets p* > 0.

Proof: Suppose the opposite is true, i.e. p* = 0. Then ™ = 0 and the first-order
condition (8) yields

. 5
_ VIdF. 2
g 1—7'5/(7"’“+7')/0 v (22)

Note that 1 — 7¢/(r" + 7) > 0 according to (8). Inserting (22) into L, from (9) and

cancel common terms, we obtain

B
LFM/V;C[DO,
r¥+r1—71e Jy
where Roy’s identity g, = —V;,‘I/V;/q has been used. This contradicts the first-order
condition (9). It follows p* > 0. |

Proposition 2 states that under mobile capital the government has always an incentive
to impose a positive price on the consumption of the public good. In view of Proposition
1 and Lemma 1 the intuition is obvious. Under mobile capital, the capital tax distorts
the production decision of the domestic firm and ceteris paribus leads to outflow of
capital into the rest of the world. If the price of the public good is set equal to zero
or, equivalently, if exclusion is not feasible, the distortionary effect of the capital tax
causes an underprovision of the public good. Pricing the public good is an appropriate
measure for the government to mitigate this underprovision. It generates additional
revenue such that the government may supply more of the public good and, at the

same time, further reduce the capital tax.
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5 Quasi-Linear Preferences

Proposition 2 is a general result since it holds for all specifications of our model. Un-
fortunately, a further analysis in the general case is intractable. In what follows, we
therefore confine ourselves to the case of quasi-linear preferences. The utility function
of household § is U(c,g,8) = ¢+ fH(g) with H > 0 and H” < 0. For price-
excluded households, the income effect of the public good is then zero, i.e. G, = 0 and
G, = GZ =1/BH"(g) < 0. The indirect utility function of a price-excluded household
simplifies to V?(y,p, 8) =y — pG(p, B) + BH|G(p, #)] implying V? =1 and VP = —G.
The indirect utility function of a quantity-rationed household reads V(y,p, g5, 5) =
y — pgs + BH(g,) such that V,{ = 1, V! = —g, and V! = 3H'(g;) —p = A > 0. The
marginal household equals ™ = p/H’(gs). It is independent of income (B, = 0) and
we obtain B, = 1/H'(gs) > 0 and B, = —™H"(gs)/H'(gs) > 0.

The main question we want to investigate in this special case is what impact the
degree of capital mobility has on the welfare-maximizing policy of the government. As
mentioned above, the degree of capital mobility may be measured by the elasticity ¢
of equilibrium capital with respect to r* 4+ 7. The larger this elasticity is, the larger is
capital mobility. If, for simplicity, £ is assumed to be a constant, a comparative static

analysis of the first-order conditions (8) to (12) yields

Proposition 3. Suppose capital is mobile and preferences are quasi-linear. Then

d *
<0 and i

dp* 0 dr* dg:
de de

> <0 > 0.
de ’ de ’

Proof: Totally differentiating the first-order conditions (8) to (12) for p > 0 and
applying Cramer’s rule yields

ng - _% [Lnggu - ngLPu] ; (23)
CZ: - (741)/17—7% [2Lp9LguLpu - Lzzngg - LguLpp] , (24)
% - % |:LPPL9N - Lngpu] ’ (25)
Cid—/f - _% {LPPLM - Lf)g] ) (26)
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where || is the determinant of the bordered Hessian of (8) to (12). It has to be
negative due to the second-order conditions of welfare maximization. The negative
semi-definiteness of the (unbordered) Hessian of (8) to (12) implies that du*/ds > 0.

It remains to determine the signs of (23) to (25). The second derivatives of L are

k* w d
L. =— i { °r —|—T—6:| <0, L;=0L=0,
rY+71|rv+71 dr
* Tk m m m
Lru:k _’I“w—|—7'>0’ Lpg:_/“lﬁ f(ﬁ )+(M_1)n[1_F(5 )]<07
B™ B™ m
pnf(B™)
Lpp:(Qu—l)n ) Gde—F/MLp ) Gpde+m<0

.
L= [ (G+pGy) dF + ng.[L = F(3™)] >0, Ly, = npft = F(8"™)] = <0

Ly, =nH"(gs) ;ﬁ dF + unB™ f(B™)H"(g5) <0, L, =0.

The signs of the derivatives L., L,, and Ly, follow from the second-order conditions
of welfare maximization. The signs of the remaining expressions follow from (8) to
(12). Taking into account the second derivatives of the Lagrangean L in (23) to (25)
completes the proof of the proposition. [ |
According to Proposition 3, there is a monotonic relationship between the degree of
capital mobility, on the one hand, and the optimal capital tax and the optimal price of
the public good, on the other hand. If capital becomes more mobile, the government
further decreases the already inefficiently low tax rate. In this sense, tax competition
further intensifies. At the same time, the government generates additional revenue by
increasing the price on the public good. The additional revenue is used to compensate
the loss in tax revenue. However, Proposition 3 also shows that an increase in the
degree of capital mobility always induces a decline in the public good supply. Hence,
the additional revenue from the increased price on the public good only partly outweighs
the loss in tax revenue and never leads to an overprovision of the public good. This
may also seen from the marginal cost of public funds which increases if tax competition
becomes more fierce.

The intuition of this result can further be explained by deriving a modified Samuel-
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son rule. Under quasi-linear preferences, the first-order condition (11) becomes
67}1

B
/OBH'(gi) dF = a+ (p" = 1o — (u* = Dnp*[L = F(6™)] + i BH'(g3) dF,  (27)

where p* = 1/[1 — 7¢/(r* + 7)] > 1 from (8) and € > 0. Equation (27) differs from
the Samuleson rule in the three last terms on the RHS. The term (u* — 1)« represents
the tax distortion cost under mobile capital. It is positive and, thus, tends to an
underprovision of the public good. The term —(u* — 1)np*(1 — F') indicates that the
revenue from the user charge on the public good is used to relax the governmental
budget constraint and to reduce the tax distortion cost. It tends to an overprovision of
the public good since it is negative. The term foﬁmﬁH’(g;‘) dF is included in the modified
Samuelson rule since the user charge excludes some of the households from (a part)
of the public good. It is positive and tends to an underprovision of the public good.
The sum of all three additional terms is unambiguously positive because (11) implies
a—np(1—F) > 0. This is an alternative proof of the result that tax competition leads
to underprovision even in the presence of excludable public good.

In Proposition 3, we have shown that the optimal price on the public good is in-
creasing in the degree of capital mobility. This may be seen as a first indication for
the empirical finding that the revenue from user charges has become more important
as a source of government revenue. Strictly speaking, however, the empirical evidence
presented in the introduction refers to the reliance on user charges. This reliance is
defined as the revenue from user charges either as a fraction of total government rev-
enue or as a fraction of government expenditures on the public good which is charged.
In our model, both ratios coincide since total revenue equals the expenditures on the

(only) public good. Hence, the reliance on user charges may be defined as

-
n / PG(p*, B) dF + np*g?[1 — F(5™)

_ . 28
p e (28)

On the one hand, an increase in the elasticity of capital exerts a positive effect on p*
since the optimal price of the public good increases and ceteris paribus leads to a raise
in the revenue from the user charge. But on the other hand, the price increase enforces
exclusion and reduces the demand of price-excluded households. Both effects ceteris

paribus cause a decline in the reliance on user charges. Furthermore, the optimal public
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good supply is reduced as the elasticity of capital increases. This reduces the expen-
ditures on the public good, but also lessens the revenue from the user charge. Several
opposing effects therefore determine whether the reliance on user charges increases or
decreases in response to a higher capital mobility. However, differentiating (28) with
respect to € yields
dp* 1
de  ag:

g™ dp* np* am dg:
G *G,)dF M—-FB™)]|— — GdF =,
{n/o (G +p'Gy)dF +ng;[L — F(8 )]} de  ag? /0 de

The bracketed term is positive owing to L, = 0. From Proposition 3 we know dp*/de >

0 and dg}/de < 0. This immediately proves

Proposition 4. Suppose capital is mobile and preferences are quasi-linear. Then

dp*/de > 0.

According to Proposition 4, there is an unambiguous effect of tax competition on the
reliance on user charges. As capital mobility increases and tax competition becomes
fiercer, not only the optimal price on the public good increases, but also does the
revenue from the user charge as a fraction of government expenditures. This result is
consistent with the empirical findings reported in the introduction.

It should finally be noted that comparative statics with respect to the number of
households (n) and the marginal production cost («) produce few determinate results
only. The optimal public good supply can be shown to be increasing in the number
of households and decreasing in the marginal production cost. The effects of n and
« on all other variables, especially on the reliance on user charges, are indeterminate.
Although this result is not very satisfactory from a theoretical point of view, it yet
confirms empirical findings. According to Netzer (1992) there is a large variation in
the reliance on user charges among US states and among different kinds of public goods,
and there is no clear correlation between the reliance on user charges and the size of

the state or the production cost of the public goods.

6 Conclusion

User charges or user fees are usually justified by externalities like congestion or en-

vironmental pollution. This paper presents another explanation for the widespread
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reliance of the state on such charges. It develops a model of a world economy with
many identical countries. The government in each country chooses a unit tax on capi-
tal and the quantity and price of an excludable public good supplied to heterogeneous
households. Under immobile capital, the price on the public good is set equal to zero
since the capital tax is lump sum and ensures an efficient supply of the public good.
In contrast, under mobile capital each government chooses a positive price since the
capital tax becomes a distortionary tax and the countries engage in tax competition.
The rationale of this result is that the positive price generates additional revenue which
mitigates the underprovision tendencies under tax competition. For the special case
of quasi-linear preferences, it turns out that this relation between the optimal price on
public goods and tax competition is monotonic and that the reliance on user charges
(defined as revenue from the user charges divided by expenditures on public goods)
increases as capital mobility is increased and tax competition becomes more intensive.
These results are confirmed by the anecdotal evidence from the US which we reported
in the introduction. We hope that our analysis stimulates further empirical research

on this topic in the US as well as in other countries.

Appendix

In this appendix we show how a social planner determines the first-best welfare opti-
mum in the representative country. The social planner maximizes welfare subject to
the resource constraint and the constraint that the public good consumption of every

household must not exceed the public good supply. Her maximization problem is

B
max n/o Ule(B),9(B), BldF(B)

9s,c(8),9(8)
Belo,5]

subject to

B
n /0 c(B)dF(B) + ag, = X (nk) + n(1 + r)k,

g9(B) < gs for all Belo,n,
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where ¢(f) and ¢(f) are household’s  consumption of the private and public good,
respectively. The resource constraint states that the resources needed to produce the
private and the public good must not exceed the total available resources. The La-

grangean of this problem is

B B B B
L= U[cw),g(ﬁ),mdm)+9[X(nk>+n(1+r>k—n | e@rar) - ag.

B
i / B(8)lgs — 9(B)AF (B).

The first-order conditions can be written as

—af + n/j Y(B)dF(5) =0, (29)

Uyle(B), 9(B), B) = ¢(B) forall B € [0,5], (30)
Ucle(B),9(8), 8] =0 forall B e€0,5], (31)

95— 9(8) =0, ¥(B)lgs—g(B)]=0 forall Bel0,p] (32)

Equation (30) implies ¢(8) > 0 which together with (32) yields g(5) = gs for all

g € [0, 5]. Inserting (30) and (31) into (29) gives

B
n /0 MRS (8)dF(8) = a. (33)

Equation (33) is the familiar Samuelson condition. Notice that the marginal utility of

the private good has to be the same for all households according to (31).
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