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individual is the decisive voter in a tax regime, while an individual
with preferences above the median generally determines the fee
in a fee regime. Numerical solutions indicate that populations with
uniform or left-skewed distributions of preferences choose taxes,
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1. Introduction

Many excludable public goods are provided by the dtate. Examples in the U.S. include
nationd, date, and loca paks date and federd wildlife programs that stock and monitor fish
and game for sportsmen, and outdoor recregtion areas for hiking, backpacking, bicycling, or
cross-country skiing. In Europe, reception of public televison broadcasts requires households to
purchase a license. Issues related to both the levd of provison and financing method are
increesingly the subject of public debate because the posshility of excluson permits both tax-
based provision and fee-based provision by the state’ Under tax-based provision, dl individuds
pay through taxes. Once the good is provided, dl individuds may consume the good a no
additional charge. Under fee-based provision of public goods, individuas may opt out and pay
no fee, but are then excluded from consuming the good.

From a normative standpoint excluson of individuas under a fee-based system indicates
an inefficiency if the margind cost of additiond consumers is zero. Whether taxes are superior
or not, however, depends adso on the levd of the provison under each regime and the
progressivity of the financing. Fraser (1996) therefore congders the welfare ranking of tax versus
fee-based public provison regimes for an excludable public good. He shows that when
governments st the fee or tax to maximize utilitarian socid wefare, the good is underprovided
under fees reative to tax-based provison. Often, however, we observe that fee-based financing
schemes find strong public support, even from those who are most likdy the consumers.
Congder the recent dtatement by Derrick Cranddl, Presdent of the American Recredtion

Coadlition (ARC), to the U.S. Senate Committee on Energy and Natural Resources:

! For example, compare the positive response of Fretwell (1999) and Crandall (in U.S. Senate, 1999) to increased
use of fees by the U.S. National Park Service to the negative response of a number of other organizations. A list of
organizations opposed to the fees can be found at http://www.freeourforests.org/opposition.html .




We perceive fees as one element in assuring the public that their visits to their lands will
be enjoyable and safe. The recreation community enjoys free lunches just as much as any other
interest group, but we have come to understand that it is hard to demand a great meal when you
aren't paying. And we certainly understand that quality recreation on federal lands really isn't a
free lunch: the costs have simply been borne by general taxes, not user fees. However, there is a
real downside to that situation. We've seen that during recent periods of financial pressure on
the federal government, recreation programs are placed in jeopardy...Americans across the
country made clear that they were willing to pay reasonable fees for quality recreation
opportunities -- just as they will pay reasonable costs for quality sleeping bags and boats. (U.S.
Senate, 1999, p. 9)

The support for fees seems difficult to reconcile with the normative perspective. In this
paper we consgder a political economy gpproach to explain this stylized fact. In contrast to
Fraser, we show that when the financing instrument and level of provison are chosen through
mgority-rule voting, fees can provide a higher levd of the public good redtive to taxes in some
cases. Furthermore, fees may be preferred by amgority of individuas in these cases.

The main logic behind these findings derives from the ingght that individuas with srong
preferences for the good prefer and vote for higher fees or taxes than individuds with low
preferences. If tax financing is chosen, strong preference individuds face resstance from all
low-preference individuas to an increase in the tax rate because everyone has to pay a tax. Thus,
the equilibrium tax can be no higher than that mos preferred by the individud with the median
preferences. However, because low-preference individuals have the ability to opt out under fees,
they become indifferent over marginal changes in a fee if the current level already exceeds their
maximum willingness to pay. Therefore, some low preference individuas abgtain from voting
over increases. Hence, strong preference individuals face less opposition to fee increases than
tax increases. This explains how the equilibrium fee can be higher than the fee most preferred by
the individud with the median preferences. In addition, low-preference individuds may vote
together with high-preference individuds in favor of fee financing because it dlows them to

avoid tax payments that are too high from their standpoint.



The latter result depends on the overal digribution of preferences. We use numerica
techniques to gain further ingght. When preferences are didtributed uniformly or are left-skewed,
implying a population where mogt individuds have relatively strong preferences for the good, a
mgority of individuads prefers tax-based provison. When preferences are right-skewed, the
mgority may prefer fee-based provison. The levd of public good provison under fee financing
is lower rddive to tax financing when the digribution of preferences is uniform or |eft-skewed,
but may exceed that under tax financing when the didribution of preferences is right-skewed.
While our man focus is to andyze the provison from a podtive viewpoint, we aso rank
politicad and welfare maximization outcomes in terms of utilitarian welfare.

Our andyss builds on severd previous works. A vast literature on club theory, as
introduced by Buchanan (1965), focuses on the potentid for excludable public goods to be
efficiently provided by a private, decentraized, competitive network of clubs. Brito and Oakland
(1980) examine the quedtion of private market provison of an excludable public good under
conditions of a monopoly and find that a monopoly leads to underprovison relative to the
socidly optimd leve. Our andyss differs from the club literature by consdering goods for
which naurd, locationd, or jurisdictional barriers prevent free entry by potentid providers. For
exanple, Ydlowstone Nationa Park has unique factors of production that are not readily
avalable to potentid competitors. Although the andyss consders a single provider, it differs
from that of Brito and Oakland because it is primarily concerned with those goods that are
publicly rather than privately provided, and, therefore, can potentidly ke funded by taxes as well
asfees.

Our work has a clear link to the literature on public versus private provison of education.

Mogt of these papers consder the ability of households to opt out of public education for a



private dterngtive when the level of public education is unsatisfactory. The ‘ends agang the
middle voting outcomes in Epple and Romano (1996) bear srong resemblance to voting
outcomes derived here, but for sgnificantly different reasons In Epple and Romano, a codition
of high and low-income households opposes higher expenditures for public education, while
middle-income households prefer higher expenditures. Low-income households oppose higher
expenditures for public education because of the high opportunity cost of increased expenditures,
while high-income households oppose higher expenditures because they prefer to opt out of
public education for a higher qudity private dternative. In the current anayss, low-preference
individuds prefer fees to taxes because they can opt out under fees, while high-preference
individuds may prefer fees to taxes when fees provide a higher qudity of the public good than
taxes. This can generate asmilar ‘ends againgt the middl€’ voting outcome.

Hedey and Strange (1998) examine the drategic interaction between a private
government and the public sector. Private governments are “voluntary, exclusve organizations
that supplement services provided by the public sector” (p. 281). Private governments form when
a group of consumers is disstisfied with the levd of a public service being provided by the
public sector. In the Heldey and Strange analysis, consumers determine the level of public good
provison by supplementing public provison levels, while consumers in the current andyss
determine the levd of public good provison by choosng the form and leve of public funding.
Oakland (1972), Laux-Mieselbach (1988), and Silva and Kahn (1993) al address the degree and
optimdity of excluson. Here, it is assumed that excluson is perfect and codtless to the providing
agency.

The paper is structured as follows. Section 2 presents the genera model and characterizes

the levd of the tax and fee, respectively, under mgority voting. In section 3 we identify those



individuas who prefer a fee regime to a tax regime. In section 4 we use specific functiond forms
to find out if and under what circumstances the people who favor a fee regime have a mgority.
Section 5 solves for the firg-best tax and fee levels, and compares overdl wdfare under the first-
best policy and the paliticaly determined fee and tax. Section 6 concludes and discusses future
research. Technica derivations are found in an appendix.
2. The Model

The basic modd is adopted from Silva and Kahn (1993). A population of sSize one is a
continuum of individuds who derive utility from a nonriva, excludable shared good, G, and a
pure, compodte, private, numeraire good, m. Each individud is endowed with m, units of the
numeraire. Individuals have heterogeneous preferences for the public good. The utility of a type
g individud that consumes m units of the private good and G units of the collective good is

U(m,G;q) =m+ap(G). D)

The function v(G) is assumed to be smooth, drictly increasing, and grictly concave and is the

samne for dl individuds We dso assume v(0) =0. Individud type q is didributed with
continuous, aomless didribution function F(q)and dendty function f(g)on the interva
gl [a,g] withg3 Oand g<q<¥.

We consider two types of regimes for financing good G .2 In a fax regime esch individua
pays a tax ¢ and private consumption is my — t. Inthe fee regime an individud who subscribes

pays a fee s and spends the remainder on the private good. The budget constraint faced by each

individud takesthe form

2 To make our point as simple as possible, we consider only two easily implemented financing schemes. We abstract
from more complicated revelation mechanisms that could be beneficial when information about preferencesis
incompl ete.
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whered is an indicator varisble which tekes the vaue of 1 if the individud subscribes and O
otherwise.

The public agency providing G is assumed to be non-profit and to have a balanced
budget. The margind cost of additiond units of G is assumed to be constant, equal to 1, and
known by everyone. Thus, recdling that the population is normadized to 1, the government

budget condraint is of the form

_‘[tif tax

G=i .
isn if fee,

3

where n represents the fraction of the population that subscribes.

Through the political process society decides via mgority rule whether a tax or fee
regime is implemented and determines the leve of the fee or tax. We can modd this as a three-
dage process. At Stage 1, individuads choose the method of financing provison of the public
good, ether through taxes or fees. At Stage 2 individuas choose the leve of the tax or fee that is
imposed. If fees were chosen at Stage 1, each individud also decides at Stage 3 whether or not to
pay the fee and consume the public good, or spend his entire endowment on the private good. No
decison has to be made under the tax regime in Stage 3.

The three-stage public choice process is solved using backward induction. We assume
tha dl individuds vote sncerdy, that is, a Stages 1 and 2 each individua votes for the policy
that gives highest utility. In the remainder of this section, we solve for Stages 2 and 3 under both

regimes.



2.1 Tax-based Provision

Under tax-based provison the public good is financed via a mandatory, non-negative,
lump-sum head tax ¢1 [0,m,] pad by dl individuas in the population. The pool of consumers
under a tax is the entire population. Furthermore, because utility from the public good is non
negetive and consumption requires no additiond cogt to the individud, dl individuds find it
optima to consume the good. Combining conditions (1)-(3), the utility of a type q individud
paying atax of ¢ is, therefore,

Um, - £:0) = my - t+0p(0). (4)

An individud’s most preferred tax rate depends on . Maximizing (4) with respect to the tax

rate gives the most preferred tax rate

i0 if v'(0) <1/q
(@) =1 a) it V(02 1/g° vi(m) ©)
%mo if v'(my) >1/q

Assuming for a moment that #(q) is drictly between O and m,, we find by differentiating the

middle branch of (5) that most preferred tax rates are an increasing function of q,

@ _-v&@) .,
Ta  ok@)

(6)

The equilibrium tax ¢ under mgority-rule voting is the tax tha defeats any dternative tax in a

pairwise vote. Note that preferences over tax rates are single-pesked on the interval [0, m,]

because (4) is strictly concave in ¢. Hence the median voter result can be invoked.® This leads to

the following result. In a tax regime, the equilibrium tax under majority-rule voting is the

tax most preferred by the individual with the median preferences q” ,i.e. t° =#(Q") .

3 See Downs (1957) or Black (1958).



2.2 Fee-based Provision

All individuas desiring access to the public good must pay a one-time subscription fee, s.
Heredfter, we refer to individuds choosing to pay the fee and consume the good as subscribers.
Nonsubscribers are individuals who choose to @t out in the fee regime. We assume that access
to the public good is characterized by imperfect or coarse excluson (Heldey and Strange, 1991),
which implies that subscribers cannot be charged differently based on ther intensty of use or
number of uses. The utility of atype q individud under fee-based provison thereforeis

U(mq,5,G;q)) = max my,m, - s +p(G)] = m, +max 0- s + p(G)] Y

We now wish to characterize the outcome in the third stage. The first gep is to find the
number of subscribers for arbitrary levels of the fee and public good. This requires identifying
the margind consumer who is just indifferent between subscribing and not subscribing. Note that

utility in (7) is nontdecreasng in g and drictly increesng in g when qv(G) > s . Therefore there
exigsa q suchtha q=s/v(G)and dl g2 q subscribe. For G >0, the individud with type g

isthe margind consumer where,

iq if g>s/v(G)
q(s,G) = {s/v(G) if qEs/v(G)£Eq 6)
19 it q<s/vG),

and c](s,O) =q. All individuds with type 3 d choose to subscribe to the public good, while al
individuas with type g <c] do not subscribe. The supply of the public good depends on the fee s
and the number of subscribers. For any levelsof s and (i the supply of the public good is

Gls.a)=sl1- F@), ©)



where n =[1- F(q)]is the proportion of individuds with q3d (i.e. those who choose to

subscribe). For any fee s, conditions (8) and (9) smultaneoudy determine G and (i Let the
solution be G(s)and q(s). The par G(s)=0 and q(s) =q dways satisfies (8) and (9) and
hence asolution exigts.

Without further assumptions the demondration and characterization of an equilibrium fee
under majority-rule voting is difficult due to the smultaneity of conditions (8) and (9). In the
gopendix we derive conditions for sngle-peakedness of preferences. We show aso that there
exigs a Imple necessry condition that characterizes the equilibrium fee. We discuss this
condition below and check in our numerica andyss that an equilibrium indeed exids. We
relegate the more technical derivation of these conditions to the appendix.

We dhould note an important assumption in our andyss Condder a dStudion in which
individuas vote over two different fees and some individuals would opt out under both. Whet is
ther voting behavior? We assume that these individuds abstain from voting, perhaps because of
gndl but postive voting costs, or vote for ether fee with probability one hdf. Other voting
behavior could lead to different outcomes, but our assumption has intuitive gppedl.

The necessxy condition that an equilibrium fee s must stidy is quite intuitive The
number of people who prefer a fee higher than s must be equal to the number of people
who prefer a smaller fee and choose to pay s, that is, the equilibrium fee is the one chosen

by the median of non-abstainers. This condition can be written as follows
1- Fla(s)) = Flas)- Flaes)), (10)
where q(s) is the individua who most prefers s, and ci(s) is the margind consumer type a .

Figure 1 presents the necessary condition for an equilibrium fee graphicdly. In the figure, ™



represents the overdl median preference individud, but q(s) represents the median of the

subscribers at the fee s and satisfies (10).

Figure 1. The necessary condition for an equilibrium fee s

nom subscribes

- Y GR® = YaYa Yo Yo Yo Vo YVa Va W0 VY Yo Y Y Yo Vs Yo Vs Ya®

g als) a”  q(s) q

= Yo YaYaYa Yo S0 YR a® = 3434 Y03 Ya Yy ¥ Ya Yu®
@) - Fals) 1 Fid(sY

prefer a lower feethans = prefer a higher fee than s

In the gppendix we show that there dways exidts a fee that solves (10) and, if there are more than
one, an equilibrium fee will be the smdlest of dl feesthat fulfill (10).

Condition (10) is ussful in characterizing the equilibrium. In fact, we can now dae one
ingght that is readily apparent from Fgure 1. If all individuals subscribe at the most
preferred fee by the individual with median preference, then the equilibrium fee is the one
preferred by the median person. Otherwise the equilibrium fee, when one exists, is higher

than the one preferred by the median person. Thisfollows from (10).

We now turn to the main question of the andyss. Which of the two financing methods is chosen
under mgority vating?
3. Tax versus Fee: The Equilibrium Policy Choice

Let s and G(s°)be the fee and corresponding public good level predicted in Stage 2
under fee-based provison. Smilaly, let “and G(¢°) be the tax and corresponding public good

level predicted in Stage 2 under tax-based provison. Individuals use the outcomes to the second

10



stage as a basis for voting for fees or taxes in the firs stage. An important result follows now
from the previous section. When the person with median preference is the decisive voter in
the fee regime, then the fee and the tax are the same, provide the same level of the public
good, and all individuals subscribe, i.e., s° =s(Q") =¢(Q") =t and G(s°)=G(°). This
result holds because under the fee the equilibrium number of consumers is the entire population,
as under the tax regime.

In generd, however, the equilibrium fee and tax will differ when a postive number of
individuas opt out a s(g”). To say more, we need to identify those individuals who prefer fees
over taxes. Using (4) and (7), an individud of type gqdtrictly prefersfees over taxesiif

maq 0,- s +al(G(s))] > - 1* +a(G (1)), (11)
and drictly prefers taxes if the inequality is reversed. Equation (11) indicates that there are
potentidly two groups of individuds who may prefer fees to taxes, one group of non-subscribers
and one group of subscribers.

Group 1 individuds are nonsubscribers under the equilibrium fee who experience a net

utility loss (relative to their endowment) under atax. For Group 1 individuas we have

my>mg - s° +C1V(G(Se)) (12)

my 3 my - 1 +ap(G (). (13)
What is the size of Group 1 individuds? The size is given by min{ F(Q(s*)), F(q,""" )], where
q" " =t Iv(G(°)) is the vaue of q for which (13) holds with equdity, and

(i(s") =s°1v(G(s¢)) isthe margind consumer for which (12) holds with equdity.

11



Group 2 individuads are subscribers under the equilibrium fee who dso receive greater

surplus under fee-based provison than under tax-based provison. For Group 2 individuds

therefore the following conditions hold

my - s +p(G(s*))3 m, (14)
and

my - s° +qv(G(se))3 my - t¢ +qv(G(tf)). (15

A necessary condition for Group 2 individuals to exist is that either the fee is lower than the

tax, or the fee regime provides more of the public good than the tax. In the first case the

public good levd is lower as wdl (i.e, s° <t and G(s°) <G(¢°)). In this case, dl subscribers

~

with g £ " will prefer fees to taxes, where q"/“" isthe vaue of q for which (15) holds with

equdity. The proportion of Group 2 individuds voting for fees is given by

max| 0, F(q %" (s*,t%))- FIq(s*))).

In the second case the fee is necessarily higher than the tax (i.e,s® >¢“and
G(s°)>G(t9)). If g <q, dl subscribers with g2 q™“% prefer fess to taxes. The
proportion of Group 2 individuds  voting for fees is gven by

min{ 1- Flg7 o (s¢,6)) 1- Flaes))).

Beyond this formd characterization that we utilize in the next section, we can say more
about the preferences of the individuds belonging to those two groups. Individuads with low
types have weak preferences for the public good. Therefore, they tend to prefer the policy that

presents the lowest cost to them, which is, of course, fee-based provison because they dways



have the option of opting out and paying nothing. Thus, Group 1 individuals are always the
lowest types. Individuas with high types have srong preferences for the public good. Therefore,
they tend to prefer the policy that provides the greatest amount of the good. However, ether a
fee or tax can provide the most public good, depending on the outcome to Stage 2. Group 2
individuals are the highest types when fees provide more of the public good, but may be
middle types when taxes provide more of the public good. Table 1 summarizes the

characteristics of Group 2 individuas depending on the outcome to Stage 2 of the voting process.

Table 1. Group 2 conditions and characteristics

1) (&) 3)

Outcome to s¢ >t 5>t s¢<t¢
Stage 2 G(s*) <G () G(s*) > G(t°) | G(s*) <G ()
GI’OUp 2 £ s¢ -t q° s¢ -t qE£ s¢ -t
condition WG(s)- v{Ge) WGs9)- VG| AG6)- vae)
Conclusion NO Group 2 Some Group2 | Some Group 2

individuas exig. individudsmay | individuas may

exid. exid.

An equilibrium policy in Stage 1 is the policy that receives a least 50 percent of the
votes. The proportion of individuas voting for fees is a codition of Group 1 and Group 2
individuals. If the coalition of Group 1 individuals (non-subscribers who prefer paying
nothing under fees to paying a tax 7°) and Group 2 individuals (subscribers under the fee
who prefer the fee s° over the tax ‘) exceeds 50 percent of individuals, then fee-based
provision is the equilibrium policy under majority-rule voting. Otherwise, tax-based
provision is the chosen policy. To shed more light on the szes of groups 1 and 2, we now

undertake numerica andyss.

13



Before we proceed, it is interesting to note that the codition of individuds preferring fees
to taxes can include individuas with a variety of different preferences depending on the outcome
to Stage 2 of the game. When taxes provide more of the public good, we may have low and
middle types preferring fees, with high types preferring taxes. However, when fees provide more
of the good we can have low and high types preferring fees, with middle types preferring taxes,
an ‘ends againg the middl€’ result smilar to Epple and Romano (1996).

4. Numerical Results

In this section we solve a numericd example to show that an equilibrium under fee-based
provison does exist* The numericd approach dlows us to examine how variaions in the
digribution of individud preferences affect the equilibrium policy choice. Solving the modd
numericaly requires specifying functiond forms for v(G) and F(Q), ahd assuming specific
parameter values. The function that is used for v(G) throughout is

v(G) = 1+C;G (19)

where 43 0. For 4=0, we have v(G) =G . For 4>0, v(G) is drictly concave, with the
degree of concavity incressing as A rises. To alow for skewed preferences while at the same
time mantaning a farly smple didribution function, we use a ‘sepwise uniform’ digtribution

function for preferences where

Fo) =429 " 0E£QE—

@) P q 2+9) o0
_1 Q(2+g)-a n q_ ~

F@Q) =<+ <q£q

2 2q(1+9) (2+0)

* All numerical solutions were solved using MAPLE. A MAPLE transcript of all calculations and solutionsis
available from the authors upon request.

14



with - 1£g<¥ . This didribution function was formed by teking a uniform digtribution

between g and E] sting g to zero, and defining the median preferences to be (2? ).This
g

functiond form is chosen because it dlows us to examine the effect of skewed preferences by

changing only the parameter g. °
While fadilitating the numerica cdculdions, the use of this didribution function aso has

intuitive apped. For g=0 we have a smple uniform digribution of types between 0 and (_q with

median preferences of % For g>0, preferences become right-skewed (i.e. the didribution of

preferences becomes more dense on the low end). The individud with the median preferences
has a type that approaches zero as g gpproaches infinity. Graphicaly, the didribution of

preferences with positive g has the right- skewed shape of Figure 2.

Figure 2. A right-skewed distribution of preferences

f(a)
(2+9)
2q
(2+9)
2q(1+9)
q _
2+9) d d

® Numerical examples with other functional forms were investigated. However, alternative functional forms greatly
increased the complexity of the calculations without generating any real additional insight.

15



However, left-skewed preferences can be analyzed by setting g between 0 and -1. The median
consumer has a type that approaches c_1 as g approaches negative one. The didribution of
preferences becomes more dense on the high end when g is negative.

Table 2 presents the equilibrium vdues of ", ¢ =#q™), and G(¢t°) for specific
parameter values of 4, g, and g. The solutions are generated using 4 =0.25, g =100, and
leting g vay from -0.6 (indicating left-skewed preferences) to 18 (indicating significantly right-
skewed preferences). For g =0, preferences ae amply uniformly digtributed and are symmetric

and unskewed.

Table 2. Tax-based provision - Equilibrium values for q", t* =#(Qq"),and G(¢°) under
alternative parameterizations of the model.

Skewness Left Unskewed | Right Right Right
Parameter @ @ ©) @) ©)
Vaues o=-0.6 o=0 g=2 o=8 =18
q” 714286 |50 25 10 5

£ 20.8062 | 24.2843 16 8.6491 4.9443
G(t9) 298062 | 242843 |16 86491 | 49443

The results shown in Table 2 indicate thet, as expected, the equilibrium tax and public good
levels fdl as the median individud type fdls (i.e as g increases). Note that it does not matter for
the equilibrium tax how individuds aove or bedow the median preference individud ae
distributed.

Under fee-based provison, the entire didribution matters. When individuals congder

dternative fees, they mug factor in how many individuads would subscribe a each fee. Table 3

gives the equilibrium vaues of g™, q(s®), s°, d(s"), and G(s°) under fee-based provision,
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usng the same parameter vaues as in the tax cae® We derived these vaues by using the
properties established in Propostion 2 in the gppendix and verifying that condition (A3) in the
gopendix holds for al fees below the smallest fee satisfying (10).” This was the case for each of
the scenarios examined in our numericd solutions, implying that an equilibrium does indeed

exist for each of the scenarios®

Table 3. Fee-based provision - Equilibrium values for ", q(s°), (i(s" ), s°yand G(s°)
under alternative parameterizations of the model.

Skewness Left Unskewed Right Right Right
Parameter @) ) 3 4 5
Values o=-0.6 =0 o=2 =8 o=18
q” 714286 | 50 25 10 5

q(s9) 731424 | 53.6730 33.7508 | 35.9884 485217
Ci( s°) 8.5689 7.3460 5.8339 57752 45812
¢ 30.0204 | 25.0670 188072 | 17.4768 10.9432
G(s°) 282191 | 23.2248 16.6132 12.4305 5.9299

Severd important results shown in Table 3 are worth emphasizing. Fird, the equilibrium fee in

each case is a fee mogt preferred by an individua who has preferences above the median. For

® Note that the sufficient condition G®s) <0 issatisfied in each case, implying single-peaked preferences. That
is, G(s) isstrictly concave.

" Condition (A3) was verified numerically by first determining the appropriate expressions for q , Ci(s(D ,and

Ci(s) . Theright-hand-side of (A3) was then subtracted from the left, and it was verified that the resulting

expression remained positive for all fees below the smallest fee that satisfies (10). Thiswastrue for all of the
parameterizations used here.

& Note that (i(S) isincreasing and convex for the lowest g solution in each case (there are two (], G solutions to
(8) and (9). See appendix.) However, the function isrelatively flat for the range of fees bel ow the smallest fee that

satisfies (10). These properties of the marginal consumer function can be seen by plotting q for the parameter
values that we used.

17



example, when Q™ =71.43, the equilibrium fee is 30.02 and is most preferred by an individua
with type q=73.14. When " =5, the equilibrium fee is 10.94 and is most preferred by an
individud with type = 48.52. Second, the rdative distance between the median preference
individud and the individud who mogt prefers the equilibrium fee increases as the didribution of
preferences becomes more right-skewed.

Having found the outcomes for the tax and fee in Stage 2, the equilibrium policy choice
can now be solved for. Note that a comparison of the public good levels (G(¢°)and G(s°)in
Tables 2 and 3, respectively), shows that provison of the public good is lower under fees in the

left-skewed and uniform scenarios, but exceeds that under taxes in each of the three right-skewed
scenarios. For example, when " =50 (the uniform digribution case), G(s°) =23.22 is lower
than G(¢) =24.28. But when Q" =10 (a right-skewed didribution), G(z°) is only 8.65 while
G(s®) is 1243. This result is paticulaly important for determining the codition of individuas
that prefers fees to taxes in the policy choice stage.

Table 4 uses the conditions described in Section 2 regarding Group 1 and Group 2
individuals to cdculate the proportion of individuds preferring fee-based provision to tax-based
provison. Uniform and left-skewed didtributions of preferences generate very little support for
fee-based provision. For left-skewed preferences (g =-0.6), non-subscribers with type q £ 8.45
prefer fees and, therefore, belong to Group 1. There are 5.92% of individuds in that group. For
uniformly didributed preferences (g:O), non-subscribers with type q £ 7.07 prefer fees and,
therefore, belong to Group 1. Group 1 contains 7.07% of al individuals in that case. Because the
tax provides more of the public good than the fee a a lower individua cost in both the left-

skewed and uniform scenarios, no Group 2 individuds exist. The percentage of individuds
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belonging to Group 1 increeses as preferences move from left-skewed to uniform, but remains

much less than amgority. Therefore, the equilibrium policy choiceisatax.

Table 4. Equilibrium policy outcomes.

Skewness Left Unskewed Right Right Right
Parameter @ 2 3 (4) Q)
Vdues g=-06 | g0 g2 o8 o118
c’itLOW q£845  q£707 |q£500 |g£316 | g£223
condition

%inGroupl | 5.92 7.07 10.00 15.81 22.36

a HIGH NA NA g3 118.02 g3 3033 | g3 3346
condition

%inGroup2 | 0.00 0.00 0.00 38.71 35.02

% Votefor 5.92 7.07 10.00 54.52 57.38
fee

Equilibrium TAX TAX TAX FEE FEE
Policy

As preferences become more right-skewed, two things happen: (1) the percentage of
Group 1 individuds increases, and (2) the ranking of provison levels of the public good under
taxes and fees reverses The equilibrium fee remans higher than the equilibrium tax, and,
eventudly, the higher fee actudly provides more of the public good than the tax. Although the
fee provides more public good than the tax in the g=2 scenario, the difference is too smdl to
generae a pogtive number of Group 2 individuds. However, for g=8 and g =18, the higher
provison under fees is sufficient to draw 38.71% and 35.02% of dl individuds into Group 2,
respectively. Combined with the 15.81% and 22.36% of Group 1 individuds the codition

commands a mgority, and fees are the equilibrium policy choice.
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5. Welfare comparisons

In this section we compare overdl wefare under the equilibrium tax and fee for each of
the five numerica cases. We aso cdculate the optima (first-best) tax and optima fee, according
to a socid planner’s problem, and their respective wefare levels, to include in the comparisons.
We ae paticulaly interested in ranking wefare under the four outcomes (optima tax, optima
fee, voting tax, voting feg). Table 5 presents the numerical solutions to these outcomes for each
of the five preference didributions. At this point we are ignoring Stage 1 of the previous

andyss. That is, we are mply comparing welfare under the four plausible outcomes.

Table S. Welfare comparisons.

Skewness Left Unskewed Right Right Right
Parameter ) ) ©) (4) ©)
Vaues g=-0.6 o=0 o=2 o=8 o=18
Optima tax | 27.1677 24.2843 20.4949 17.9089 16.9761
(184.5216) 1 | (147.4315) 1 | (105.0102) 1 | (80.1822) 1 | (72.0476) 1
Voting tax 29.8062 24.2843 16 8.6491 49443
(184.3157) 2 | (147.4315) 1 | (104) 2| (73.4035) 4 | (55.8624) 4
Optimal fee | 28 25.0670 215727 18.7665 10.9507
(183.7143) 3 | (146.4696) 4 | (103.4646) 3 | (75.8940) 2 | (57.2527) 2
Voting fee 30.0204 25.0670 18.8072 17.4768 10.9432
(183.5869) 4 | (146.4696) 4 | (103.1819) 4 | (75.8320) 3 | (57.2526) 3

The optima tax and fee are the tax or fee that maximizes utilitarian socid wefare as given by
the integrd of the consumer utility function from g to (_q The number in parentheses below each

tax or fee is the levd of socid wefare provided a that tax or fee minus the endowment levd.
This number represents the tota surplus wefare (beyond the endowment level) generated by that

tax or fee. The third bold number in each entry is the respective ranking of the policy for that
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case. For example, the bold number “1” in the optima tax entry for case one indicates that the
optimal tax provides the highest level of socid welfare of the four different policies.

Severd of the results shown in Table 5 are important. Firdt, consgtent with the results in
Fraser (1996), the optima tax provides the highest level of socid wedfare in dl four cases. More
importantly, however, are the reaive wdfare rankings of the remaning three policies. In the
scenario with the mogt left-skewed preferences, the equilibrium voting tax provides the next
highest level of socid wefare, followed by the optima fee and vaoting fee, in that order. In the
second cae with a smple uniform (unskewed) didribution of preferences, the optimad and
voting taxes are identica and, therefore, provide identicd levels of socid wefare. Smilarly, the
optimal and voting fees are identicd, but provide a level of socia welfare below that of the two
tax regimes.

The three right-skewed cases provide the most interesting results. In the least right-
skewed case the rankings again are optimd tax, voting tax, optima fee, voting fee, in that order.
However, for cases four and five when the right-skewness is more extreme, the voting tax fals
from second-best to fourth-best. In both cases, welfare under the voting fee exceeds that of the
voting tax. Furthermore, as demondrated in Section 4, a voting mgority is d<o likdy to prefer a
feeto atax in both cases.

6. Conclusions

Previous andyses of dternative methods of providing excludable public goods focus
gther on socid wdfare maximization or on profit maximization. Potentid consumers ae
confronted with a tax or fee levd that is determined by some means other than a democratic
political process. However, when the public good in question is being provided by the dtate or

some other form of representative government, it becomes necessary to consder he mechanisms
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and forces that are likely to impact how and a what levd the good is provided. These are,
namey, the political process and the preferences of individua voters in the populaion. To the
extent tha mgority-rule voting provides a reasonable approximation of the decison-meking
process for many goods that are publicly provided, the results from our modd have important
implications for awide-range of goods from recreation to education.

The modd demongrates that, under mgority-rule voting, the digtribution of preferences
for a public good is criticd both in defermining the level of provison under tax and fee
dterndives, and in determining the policy preferred by the mgority of individuds. Although the
individua with the median preferences determines the equilibrium tax, an individud with
preferences stronger than the median generdly determines the equilibrium fee, when one exids.
When preferences are digtributed uniformly or are |eft-skewed, the mgority of individuds
prefers tax-based provison. Uniform and left-skewed digtributions of preferences are dso
consgtent with higher public good provison and higher socid welfare under taxes. However,
when preferences are right-skewed, the mgority may prefer fee-based provison. Furthermore,
the level of provison of the public good, as well as socid wefare, may actudly be higher under
fees than under taxesin the latter case.

We made several assumptions that should be reconsdered in future research. For
example, we assumed that individuds differ in preferences, but have identicd incomes.
Introducing heterogeneous incomes does not matter in the present modd because utility is linear
in m, and hence the sze of the endowment does not affect individua preferences over the leve
of a tax or fee An dternative formulation of the modd would be to assume a different utility
function and have heterogeneous endowments or income. Individua tax contributions could then

vary with income. It would be interesting to see whether our findings are robust to these changes.



It is ds0 worth emphasizing that the modd assumes no externdities from the public
good; non-subscribers are perfectly excluded and receive no utility from the public good.
Clearly, many public goods have both excludable and nonexcludable characteristics. For
example, Ydlowstone Nationa Pak is vadued by pak vistors because of the variety of
camping, hiking, and Sght-seeing opportunities they can enjoy. However, the park is arguably
vadued by many nontvigtors for its mere ‘existence’. For the present purposes, we define the
public good in question more narrowly; we include only those aspects of the good that benefit
subscribers. Another important extenson would be to dlow for congestion externdities. In this
case we suspect that the fee regime becomes even more attractive because the fee serves an

important function to limit congestion.
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Appendix
In this section we present the details and proofs of the results contained in Section 2.2,

which characterizes the equilibrium fee under mgority-rule voting.

Multiple Solutions

Multiple values for d and G (equations (8) and (9)) may be possible for the same fee

because of the interdependence between the margind consumer type and the levd of G that is

provided. We pick the solution involving the lowest value for ci (i.e the equilibrium that has the
greatest number of subscribers) which corresponds to the highest public good provison. The
greater the number of subscribers a a given feg, the higher the utility recaved by dl exiding
subscribers because more public good is provided a the same cost to the individud. Also, the
additiond subscribers have higher utility because they previoudy had utility equa to my, but by
reveded preference, must have higher utility than my, if they choose to subscribe. The utility of

remaning non-subscribers is unchanged when additiond individuas choose to subscribe.

Single-Peakedness of Preferences

In order to examine the exisence and characteridics of an equilibrium fee, we firg
characterize the ordering of most preferred fees by individuds of different types and then
identify a st of fees that would defest any margindly larger or smdler fee in a parwise vote
These fees serve as focd points for identifying an overal equilibrium fee, if one exigs, and are
referred to as locd candidates. Findly, we characterize an overdl equilibrium fee theresfter. An

individua of type q prefers the fee that maximizes equation (4) subject to (8) and (9). We use
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the function s(q) to denote the most preferred fee of an individud with type g. We now

edtablish a preiminary result.

Proposition 1: If G(s) is not too convex, then preferences over fees are single-peaked and

s(Q) is non-decreasing in q.

Proof: If aninterior solution s 1 (0, 7z,) for an individual’s maximization problem exists, it is
characterized by

- 1+qv€G(s))G¥s) = 0. (Al)
The second order condition q[v€G(s))G®s)+vE#G(5))(G¢s))’1 <0 is saisfied if
G®s) < - vG(s))(G&s)) 1V (G(s)) , that is, G(s)is not too convex. The interior solution applies
if v'(0)G'(0)>1/q and v'(m,)G'(m,) <1/q.When v'(0)G'(0) <1/q, the optima fee is O, and
if v'(m,)G'(m,) >1/q, the optima fee is m,. In these boundary cases the most preferred fee is

condant in . For interior optimal fees, most preferred fees are drictly increesng in g. To see
this, differentiating (A1) shows that ds(q)/dq>0 if G(s) fulfills the convexity condition. Strict

concavity of the maximization problem implies that preferences are angle-peaked. Q.E.D.

Proposition 1 is an important property to keep the modd tractable. Note that the
assumption on  G(s) is aufficient but not necessary to induce concavity of the induced
preferences, which in turn is sufficient but not necessary for sngle-peakedness. It is difficult to

dae in tems of fundamentds what makes G(s) not too convex. The condition is useful
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neverthdess for our computationd andyss where it is shown to hold. For the following
theoretical andysswe assumetha G(s) satisfies the desired property.

Individuds with rdatively strong preferences for the public good prefer to have higher
fees imposed than individuas with relatively week preferences. We can invert the function s(Q)
and find for a gven fee s the individud type who mos prefers this fee Denote this
correspondence of most preferred fees to types as (s), which for an interior solution to the

1 9

problem aboveyidds q(s) = m .

Necessary Conditions for Existence

We now wish to characterize the equilibrium fee. An equilibrium fee s¢ under mgority-
rule vating is the fee that defeats any dternative fee s 1 s°in a parwise vote. When congdering
two fees, s' and s°, an individud of type q votes for the fee that yields higher utility. This
means, an individua that would opt out a s*, but not at s*, must have higher utility under s?,
and therefore, votes for s*. An individua who would opt out a both fees has utility of 2, under

both fees, and is, therefore, indifferent between s* and s%. In such cases we assume that the

individua abstains from voting. *°

® Note that |(is) will technically be afunctiononly if s(q]) isstrictly increasing in (] for al q. If arange of
individuals prefer azero fee, then () issimply acorrespondence. Our results hold in either case.

19 This would be optimal if there was asmall cost of voting. Alternatively, one could assume that individuals opting
out at both fees vote for each fee with probability one half. In amodel in which these individual s are assumed to
vote for the fee they would prefer ifthe fee were mandatory, it can be shown that fees are never chosen over taxes
by amagjority.
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Proposition 2: Assume that s(q) < s(0) and more than half of the population prefers a fee
strictly between 0 and m,.
(a) A necessary condition for an equilibrium fee s is that s solves
1- Fla(s) = Flats)) - Flaes)), (A2)
where ((s) is the individual who most prefers s, and Ci(s) is the marginal consumer type

at s.
(b) There exists at least one fee for which (A2) holds.

(c) If an equilibrium fee exists, the equilibrium fee is the smallest of all fees that fulfill (A2).

Proof: (8) In condition (A2), the term 1- F(q(s )) is the proportion of subscribers with type
grester than g(s)who prefer a higher feg, while F(q(s))- F(ci(s)) is the proportion of
subscribers with type less than q(s) who prefer a smdler fee. Suppose condition (A2) does not
hold in a mgority vating equilibrium. Then there exigs a fee in the neighborhood of s which
would win in a pairwise vote agangt s. If  1- F(q(s)) < F(a(s))- FI4(s)), then a slighty

gndler fee than s wins A dightly higher fee wins in a parwise vote if the inequdity is

reversed.

(b) Propostion 1 established that s(q) is a continuous function. We assumed dso that F(Q) is
continuous. Begin by conddering the most preferred fee of the lowest type individuad s(Q). No
individuas prefer a lower fee than s(q), while by assumption a mgority of individuds prefer a

drictly higher fee. Therefore, s(g)would lose to a dightly higher fee in a parwise vote
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However, a the most preferred fee of the highest type individud s(q), a mgority of people

would prefer a dightly lower fee, while no subscriber prefers a higher fee. Therefore, s(q) would

lose to a dightly smdler fee in a parwise vote. By the Intermediate Vaue Theorem, there must
exig a less one fee for which the proportion of individuds prefering a dightly higher fee

exactly equasthe proportion of individuas preferring adightly lower fee.

(c) Suppose that s* and s® solve equation (9) and s* < s?. This implies by Proposition 1 that the
individud types who prefer s* and s® sdify q(s*) <q(s?). In addition, we know then that
F@(sY) <F(Q(s®)). This together with the fact that both fees solve (A2), implies
F@(s*) - F@(™) =1- F@(s*) <1- F@(s) = F@lsh) - F@lsh).
Notice that this requires F(Q(s*)) £ F(q(s%)), and hence implies dso that q(s*) £q(s?). It can
now be shown that s* wins agang s2. Suppose that q(s?) <q(s*). All individuds with type
between q(s*) and q(s*) vote for s. In addition, some individuals of a type dightly higher than
q(s') vote for s' aswel. Let q denote the individud who is just indifferent between s and
s2. 1t must be the case that q(s*) <q <q(s?), and hence F(q) > F(q(s')). The fee s* winsa
mgority  if F(@)- FQGY) >1- F@Q). This is the  case  because
F@)- F@A(sY) > FE(sY) - F@GY) =1- F@(sY) >1- F@).

Alternatively, suppose that q(s?) >q(s*). For s' to win a mgority it is sufficent to
show that FQ(s?) - FQ(sY) >1- FA(s?)). This holds because

F@(s?) - F@QGsY) > F@@sY) - F@sY) =1- F@(sY) >1- F@Q(s?) . QED.
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The intuition for part (c) is that an overdl equilibrium fee mugt fird be a locd candidate that
satidfies (A2), othewise it would lose to a dightly larger or smdler fee in a parwise vote.
Moreover, only the smalest of the local candidate fees can be an overal equilibrium because a
smdler locad candidate will defeat a larger locd candidate in a pairwise vote. This is because the
gndler loca candidate fee gets the vote from dl subscribers beow the individud who most
prefers the smdler fee, and the smdler fee picks up some additional votes from a subset of
individuas with only dightly higher q types. In fact, if the nonconvexity assumption of Lemma
1 holds throughout, as we assume it does, then the smalest locad candidate will defest any larger
proposed fee in a parwise vote. This is because preferences will be sngle-pesked, implying the
margina consumer will necessrily be norntdecreasing in s, and the smdlest locd candidate will

amply gain votes againg any larger opponent by the same argumert as above.

The identity of the decisive voter

Propogition 2 provides a necessary condition for an equilibrium fee to exist. However, the
result does not rule out the posshility tha a much smdler fee would beat in a parwise
comparison the smdlest of dl fees that iy (A2). Hence, a mgority voting equilibrium may

fal to exist. A sufficient condition for the candidate fee s to beat any other smaller fee s is

1- F@)> F@)- mn{F@(s9). F@(s))] (A3)
where a is the individud who is indifferent between s and sd. It is easy to show that the
aufficient condition is satidfied if d(scp >d(s). However, this case is not likey to hold as we
show laer in numericd smulaions When d(s(y <6|(s), it is difficult to prove that (A3) holds

for dl possble digributions F(q). We therefore proceed under the assumption that the sufficient
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condition is indeed satisfied. Generally spesking, this is the case if the function q(s) is reldively

flat because then the dternative fee s¢ picks up few voters at the lower end and hence loses
agang s. Our numerica smulations show that thisis the case.

Thisleads directly to the following result:

Proposition 3: If all individuals subscribe at the most preferred fee by the individual with
median preference, then the equilibrium fee is the one preferred by the median person.
Otherwise the equilibrium fee, when one exists, is higher than the one preferred by the

median person.

Proof: If dl individuds subscribe a s(Q™), then s(g™)is the lowest locd candidate, and no
dternative lower fee can be introduced which defeats s(q™) because there are no additiona
individuals to subscribe. In that case, s(Q™) sidfies dl of the equilibrium conditions, and we

have s° =s(Q™). However, if a podtive number of individuas opt out a s(q™), then tha fee

cannot be an equilibrium fee under mgority-rule voting. In that case, 50 percent of individuds
prefer a dightly higher fee, while less than 50 percent prefer a lower fee because some

individuals opt out and are indifferent. Q.E.D.
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