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Abstract: The pivotal mechanism induces truthful revelation of users’ preferences for public goods. However, joining the project under this mechanism may make some users worse off, in comparison to the situation without the public good. In addition to exploring the pivotal mechanism from pricing aspects, based on a Swedish census project with excludability, a mechanism is proposed to elicit public good users’ true preference. The welfare impacts of the pivotal mechanism and the exclusion mechanism are compared. Moreover, through a two-stage approach, users may have partial control over the fixed fee with the truthful revelation property retained. The conditions established ensure consistent preference revelation in both stages. This paper may have implications on pricing of road congestion.
1. Introduction

This paper discusses mechanisms for allocating discrete public goods. The market mechanism is generally regarded as a reliable means to allocate resources efficiently, but Samuelson (1954) points out that efficiency is lost when public goods are involved. With public goods present, the market system is not able to elicit users’ true willingness to pay (WTP). The difficulties lie in the non-rival nature of public goods, which arouse opportunistic behaviors. Clarke (1971) proposes a mechanism that assesses public good users a two-part tariff to elicit true WTP.
 The tariff includes a fixed fee and a variable charge. The fixed fee intends to cover the total cost of the project, while the variable charge, “Clarke tax,” ensures truthful revelation of preferences (Mueller, 1989: 127). 

Clarke’s design, also called the pivotal mechanism, gives each public good user the choice of either leaving the outcome as it is or changing it at a cost equal to the net loss of the others. A user has to pay the Clarke tax whenever his participation changes the outcome of the rest of the group, that is, when he is pivotal. In this mechanism, any public good user must keep the Clarke tax in mind when deciding to be pivotal. The payment that a user makes is independent of his valuation of the public good. The fixed fee is pre-assigned by a central planner and the Clarke tax is the net cost a user imposes on the rest of the group. Exploring the pivotal mechanism from a pricing viewpoint shows that the price of a public good has three components: a designated cost share, the total cost net of the benefits to others, and the Clarke tax imposed on a pivotal user who forces the others to forgo the public good. 

Inspired by a Swedish census project with excludability and by the pivotal mechanism, this paper proposes a mechanism that is able to induce users’ true demand for an excludable and discrete public good. To be exact, revealing true preferences is a weakly dominant strategy in the mechanism. The welfare impacts of the two mechanisms are compared. Under certain circumstances, joining the pivotal mechanism may hurt some of the users. On the other hand, in the proposed mechanism, allowing some users to be excluded may result in welfare loss and budget deficit, if the public good is offered. 

The fixed fee has a direct impact on the welfare of public good users; therefore, the exogenous fixed fee is an important issue to be addressed. Users may affect the fixed fee by considering it as a function of their reports. As a result, the fee function is not independent of users’ valuations. In order to avoid the potential distortion of their WTPs, users are required to report in two stages, instead of one. Furthermore, to retain the truthful revelation property of the proposed mechanism, the fee function has to satisfy certain conditions.

2. Efficient Decision and Pivotal Pricing


Only welfare-improving public good projects are desirable. A feasible criterion of providing public goods is inspected below. Suppose that there are n users involved in a public good project. Each user has a quasi-linear utility function. A central planner will determine whether to carry out the project based on users’ reported WTPs. Assume that there are two options on the project: to do or not to do. The total cost of the project is c and the central planner will launch the project if and only if 
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where rj is user j’s reported WTP, j = 1, 2,…, n. Let y be the level of the public good; y = 1 denotes that the public good is provided, while y = 0 means that it is not provided. There is also a private good. For j = 1, 2,…, n, xj denotes user j’s consumption of the private good. Given (y, xj), user j’s utility is the benefit derived from the public good plus the private good he can consume.

Uj(y, xj) = vj(y) + xj.



(1)

User j’s endowment of the private good is mj. Given Uj((), user j’s true WTP, wj, for the public good is determined by Uj(1, mj - wj) = Uj(0, mj). From (1),





wj = vj(1) – vj(0).



(2)

Undertaking the project is Pareto improving if 
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 = c. The utility with the public good offered is Uj(1, mj - tj) = vj(1) + mj – wj + (
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- c)/n > 0, Uj(1, mj - tj) > Uj(0, mj) for all j. The analysis shows that the criterion outlined above leads to efficient decisions on the project, assuming that all users truthfully reveal their WTPs. 

The pivotal mechanism elicits true preference through a pricing scheme, which levies a fixed fee and a variable charge on users of public goods. The fixed fee for user j, cj, is collected only when the public good is provided, while the variable charge is levied regardless of the provision of the public good. The sum of every user’s fixed fee covers the total cost, that is, 
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= c. Given any report profile r = (r1,…, rn), the decisions on the public good by all users and all users but j are defined as d(r) and d-j(r), respectively.

d(r)  = 
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d-j(r) = 
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As stated before, assuming true preference revelation, d(r) = 1 implies that for all users to provide the public good is a more efficient outcome than otherwise. Similarly, d-j(r) = 1 implies that for all users but j providing the public good is a better result than conversely, considering the fixed fee and their WTPs. 

The difference d-j(r) - d(r) determines whether the decision of providing the public good changes because of j’s participation. If d-j(r) - d(r) is not equal to zero, user j is pivotal. Given r, the net cost imposed on other people by a pivotal user j is (d-j(r) – d(r)) (
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), which is not less than zero for all r. The total price user j has to pay, under report profile r, is:




pj(r) = d(r)cj + (d-j(r) – d(r))(
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(3)

Revising pricing formula (3) may shed light on the actual price components of the pivotal mechanism, as shown in the following theorem.


Theorem 1: Let r = (r1,…, rn) be any report profile. Then,


pj(r) = d(r) max {cj, c - 
[image: image15.wmf]å

¹

j

i

i

r

} + d-j(r)(d-j(r) – d(r))(
[image: image16.wmf]å

¹

j

i

i

r

 - 
[image: image17.wmf]å

¹

j

i

i

c

).
(4)

Proof: Suppose d(r) = 1 and d-j(r) = 0. Then, j is pivotal. The price given by (3) is pj(r) = cj - 
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) > cj. Hence, the price given by (4) is also c - 
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d(r) = 0 and d-j(r) = 1; user j is pivotal and the public good is not offered with his participation. In this case, pj(r) = 
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d(r) = d-j(r) = 0, then both (3) and (4) are equal to zero. If d(r) = d-j(r) = 1, (4) is equal to cj because 
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. From (3), pj(r) = cj. Hence, the prices derived from (3) and (4) are again the same. Q.E.D.

Remark 1: Given r = (r1,..., rn), d-j(r)(d-j(r) – d(r)) ( 0 if and only if d-j(r) > d(r), that is, if and only if d(r) = 0 and d-j(r) = 1. Thus, by (4),

pj(r) = d(r) max {cj, c - 
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Remark 2: Equation (4) points out the distinct pricing scheme of the pivotal mechanism. The price has three components: a designated cost share, cj, the total cost net of the benefits to others, c - 
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, and the Clarke tax imposed on a pivotal user who forces the others to forgo the public good. 

3. The Exclusion Mechanism

The public good discussed in this section is non-rival but excludable. To enjoy the public good via the exclusion mechanism, each user has to pay a price that depends on his as well as others’ reports. The exclusion mechanism involves strategic interactions among users, but unlike the pivotal mechanism, it denies the access to those who are not willing to pay the assigned price. 

This exclusion mechanism is motivated by a Swedish census project, undertaken in 1982, which divided users of the data into two groups. Members of one group paid a certain percentage of their WTPs, while the others paid a fixed fee. If the first group members reported a zero WTP or those in the second group stated a WTP less than the fixed fee, they would not get the data nor did they pay for the census (Bohm, 1984). In the exclusion mechanism, payment is assessed only when the public good is provided. The price that user j pays under report profile r is an assigned fixed cost share or the cost not paid by other people, whichever is greater. 



pj(r) =
d(r) max {cj, c - 
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(6)

The public good will be provided, if the sum of all users’ WTPs is not less than the total cost. From (4) and (5), the price formula (6) is closely related to (3). 

The exclusion mechanism induces a game in which user j’s strategies are non-negative reports. Given report profile r, user j’s utility, Uj(r), is the net benefit derived from the public good plus his endowment and minus the price paid, if the public good is provided and j is not excluded. That is,

Uj(r) = 
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For j = 1, 2,…, n, r(j is a weakly dominant strategy, if for all rj and all r-j, Uj(r(j, r-j ) ( 

Uj(rj, r-j) (Campbell, 1995: 143). In the exclusion mechanism, truthful revelation is a weakly dominant strategy, as shown in the following theorem. 


Theorem 2: True preference revelation is a weakly dominant strategy under (6) 

and (7).

Proof: For any j, one needs to show that wj is weakly dominant. Let rj and r-j be given. When wj(wj, r-j) < pj(wj, r-j) and rj < pj(rj, r-j), by (6) and (7), Uj(rj, r-j) = Uj(wj, r-j) = vj(0) + mj. When wj ( pj(wj, r-j) and rj ( pj(rj, r-j), again by (6) and (7), Uj(rj, r-j) = Uj(wj, r-j) if d(wj, r-j) = d(rj, r-j). Otherwise, either d(wj, r-j) = 1 and 

d(rj, r-j) = 0 or d(wj, r-j) = 0 and d(rj, r-j) = 1, from (6) and (7), Uj(wj, r-j) ( 

Uj(rj, r-j). Consider the case where wj ( pj(wj, r-j) and rj < pj(rj, r-j). If d(wj, r-j) = 0, Uj(wj, r-j) = Uj(rj, r-j) = vj(0) + mj. Otherwise, Uj(wj, r-j) = vj(1) + mj - pj(wj, r-j) ( Uj(rj, r-j). Similarly, Uj(wj, r-j) ( Uj(rj, r-j), if wj < pj(wj, r-j) and rj ( pj(rj, r-j). Thus, truthful revelation is at least as good as reporting any other nonnegative WTP. Q.E.D.

Theorem 2 indicates that, under the exclusion mechanism, reporting true WTP makes a user at least as well off as any of his other strategies. In other words, it can reveal users’ true demand for the public good. To induce true WTP, the pivotal mechanism uses the Clarke tax, while the exclusion mechanism employs excludability. The example below shows the impact of excludability and the Clarke tax on users’ net benefits. 

Example 1: Suppose the number of public good users, n, is not less than two. The 

assigned fixed fee is c/n and true WTP is (n - 1)c/n2, for all j. Consider a report profile 
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(n - 1)c/n2 – c/n = -c/n2 < 0. In other words, understatement makes j better off than reporting true WTP. Under the exclusion mechanism, however, user j can exclude himself by reporting true WTP, which is less than the assigned price, preserving his utility at the level that the public good is not provided. On the other hand, under the pivotal mechanism, j’s understatement makes him pivotal and subject to the Clarke tax, (n - 1)c/n2, rendering him a lower net benefit than that with truthful revelation. Thus, the excludability and the Clarke tax encourage truth telling in distinct ways.

4. Comparison


Both the pivotal and the exclusion mechanisms are able to induce truthful preference revelation, but they potentially cause inefficiencies in some other respects, such as unbalanced budget and welfare loss. In the pivotal mechanism, the charge to users includes fixed fees and the Clarke tax. Since fixed fees already cover the total cost of the public good, the project may generate budget surplus, which needs to be disposed of. As for the exclusion mechanism, the excluded users do not pay for the good to which they have no access; as a result, further financing may be necessary to fill in the possible shortfall in collection. Regarding the welfare loss issue, in the pivotal mechanism, some users may be forced to pay for a good too expensive relative to their WTPs, as will be shown in the examples below. On the other hand, in the exclusion mechanism, once the public good is provided, denying some users the access may cause welfare loss to society. To be sure, the excluded user considers the public good not worthy of his assigned price. For example, bike paths facilitate the flow of bicycles, but paying for the access to bike paths would not bother a person who uses other forms of transportation. That is, excluding non-bikers the use of bike paths may not have significant welfare impact on society. On the other hand, compelling non-bikers to join the bike path project may make them worse off.

The following numerical examples compare the pivotal mechanism and the exclusion mechanism. Since both mechanisms can elicit truthful revelation, the comparison is made with true WTPs. In each case, there are three users, the total cost of the project is $60, and the fixed fee for each person is $20. The Clarke tax column is the net loss a user imposes on the others; collection shows the payment levied on each user; and gain indicates each user’s net benefit, which is his WTP minus the price he is 

required to pay, depending on his eligibility. 

In Example 2, users’ WTPs are 9, 30, and 40. According to the provision criterion, the public good is provided. The collection via the pivotal mechanism is $61, which is more than the total cost, while that of the exclusion mechanism is $41. Therefore, a further financing for the public good is necessary due to the excludability. For user 1, the public good is too expensive to afford and joining this project makes him worse off in the pivotal mechanism. On the other hand, in the exclusion mechanism, the excludability enables users to sustain the net benefits they get when the public good is not provided and renders them better off altogether. The total gains under the pivotal and the exclusion mechanisms are 18 and 29, respectively. Since the public good is offered, denying user 1’s access to the public good results in a welfare loss of 9, while forcing him to participate causes him a loss of 11. The gain under the exclusion mechanism would have been 38 and the budget deficit could also be reduced.





Example 2



Pivotal Mechanism


Exclusion Mechanism
	
	   wj
	   Clarke tax
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	 Gain
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	Collection
	 Gain

	1
	9
	0
	20
	-11
	20
	-10
	0
	0

	2
	 30
	0
	20
	10
	20
	11
	20
	10

	3
	40
	1
	21
	19
	20
	21
	21
	19


In the following example, users’ WTPs are 9, 12, and 32. The rest of the specification is the same as before. The public good is not provided based on the provision criterion. Note that in the pivotal mechanism the total collection is positive even when the public good is not provided. Users 1 and 2 have to pay the Clarke tax because they are pivotal. In addition, users 1 and 2, who consider the public good too costly to afford, pay the Clarke tax, while person 3, who regards the project desirable, pays nothing. This case shows that joining a public good project may make some users worse off under the pivotal mechanism. As for the exclusion mechanism, in this case, no payment is collected since the public good is not offered. 

Example 3



Pivotal Mechanism


Exclusion Mechanism

	
	      wj
	Clarke tax
	Collection
	 Gain
	  cj
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	Collection
	 Gain

	1
	9
	4
	4
	-4
	20
	16
	0
	0

	2
	12
	1
	1
	-1
	20
	19
	0
	0

	3
	32
	0
	0
	0
	20
	39
	0
	0


The examples above illustrate that allowing excludability renders users at least as well off as they are without the public good, but the possible budget deficit because of the extra option may make the central planner worried about finances. Also, excluding some users from using the public good may result in inefficiency. On the other hand, the budget is at least balanced in the pivotal mechanism, but some users may be forced to pay for a service they would rather forgo.


Generally, excluding anyone from using an existing public good causes efficiency loss. However, that may not be the case for toll roads. In metropolitan areas, the concentration of population and businesses results in serious traffic jams and numerous environmental issues, such as pollution and noise. To alleviate traffic congestion, toll roads have been introduced in Norway, Sweden, southern California, and other areas (The Economist, 1997b). In southern California, drivers who treasure the value of their time more could pay the tolls to get on the toll roads, saving their travel time. Their use of the toll roads also reduces the traffic flow on other freeways, benefiting those drivers not willing to pay for the tolls. In this case, those who are not willing to pay the tolls, and thus excluded from the toll roads, may actually be better off. 

The construction costs of highways are becoming more and more expensive in urban areas (The Economist, 1997a). Toll roads give private enterprises incentives to invest in public transportation to make up the gap left by local governments, improving traffic flow. Toll roads were popular in California in the late nineteenth century, but the motives for building them could have been quite different then and now (Klein and Yin, 1996). Some economists are concerned about the welfare lost due to exclusion and are against mechanisms with any exclusion. To alleviate road congestion, however, paying for the use of roads seems to be a trend in London (The Economist, 2002).

5. Replacing Single-Valued Fixed Fees with Fee Functions and Two-Stage Report

The fixed fees are treated as parameters in both mechanisms. Any change in the parameters has an impact on users and affects the distribution of gain from providing the public goods. To see this, write d, d-j, and pj introduced earlier as functions of both fixed fees c = (c1,..., cn) and reports r = (r1,..., rn). Consider a different assignment c( = (c(1,..., c(n) where c(j > cj. Thus, c(i < ci for at least one i ( j. Since 
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, we have d(c, r) = d(c(, r) and d-j(c, r) ( d-j(c(, r) for all r. By (4), pj(c(, r) ( pj(c, r) for all r. Therefore, user j’s net benefit decreases as cj increases in the pivotal mechanism. From (6) and (7), the same result applies to the exclusion mechanism. The problem addressed in this section is to assign fee functions, of which the size depends on users’ reports. Hence, each user has partial control over the fixed fee. 

In this case, users have to report in two stages instead of one. The two-stage process is necessary to avoid users’ distortion of their preferences. Users’ intentions to misrepresent their WTPs can be easily detected, if there is any inconsistency in the reports of both stages. After soliciting the report for the first stage, users will be required to report their WTPs for the second stage. Whether the public good will be provided or not is contingent on the second stage report; whereas any users’ share of the cost of the public good is determined by their reports in both stages, as discussed below.

Denote a generic report profile in stage one by r1 and that of stage two by r2. Let cj(r1, r2) be the fee function assigned to user j under report profile (r1, r2). Under the fee function, the price and the utility are: 


pj(r1, r2)  = d(r2) max {cj(r1, r2), c - 
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Uj(r1,r2) = 
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 (9) 
The theorem below shows that reporting true WTP in the second stage is a weakly dominant strategy regardless of the first stage report and truthful revelation in both stages is a subgame-perfect equilibrium outcome, when the fee functions satisfy certain conditions.
Theorem 3: Suppose that for all j, r1, and r2, cj(r1, r2) satisfies

     (i) If 
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, then cj(r1, (r2j, r2-j)) = cj(r1, (r(2j, r2-j)).

Then, under (8) and (9), reporting true WTP in stage two is weakly dominant given any stage one report profile, and truthful revelation in both stages is a subgame-perfect equilibrium outcome.

Proof: Let r1 and r-j2 be given. The result is trivial if the public good is not provided. To prove that reporting true WTP is weakly dominant in the second stage, one needs to show

Uj(r1, r2) ( Uj(r1, (wj, r2-j))

(10)

for all rj2. Suppose wj ( pj(r1, (wj, r2-j)). Then, wj ( c - 
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Uj(r1, (wj, r2-j)). If r2 j < pj(r1, r2), Uj(r1, r2) = vj(0) + m j. Hence, Uj(r1, (wj, r2-j)) ( Uj(r1, r2) in both cases. 

Suppose now that wj < pj(r1, (wj, r2-j)). Then, Uj(r1, (wj, r2-j)) = vj(0) + mj. When r2j < pj(r1, r2),  Uj(r1, r2) = Uj(r1, (wj, r2-j)). When r2j ( pj(r1, r2), r2j ( c - 
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 and Uj(r1, r2) = vj(1) + mj – pj(r1, r2). If wj ( c - 
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, again by (ii), 

pj(r1, r2) = pj(r1, (w j, r2- j)). Thus, Uj(r1, r2) < Uj(r1, (wj, r2-j)). If wj < c - 
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, from (8) and (9), Uj(r1, r2) < Uj(r1, (wj, r2-j)). Therefore, Uj(r1, (wj, r2-j)) ( Uj(r1, r2) for all r2 j.

 
Now prove that reporting true WTP is a Nash equilibrium for the entire game. Since wj is weakly dominant in the second stage regardless of the first stage reports, it suffices to show that 

Uj((r1j, w-j), w) ( Uj(w, w)


(11)

for all r1j. Since in the non-trivial case the public good is provided, by (i), 

cj((r1j, w-j), w) ( cj(w, w). Thus, pj((r1j, w-j), w) ( pj(w, w), which implies that (11) holds for all r1j. Q.E.D.

Inconsistent reports imply lying at least in one stage and thus should bear a higher cost, as indicated by condition (i). As for condition (ii), it says that as long as user j’s report in stage two makes up the cost not paid by others, then he will be assigned a constant cost. 

Remark 3: Suppose cj(r1, r2) ( cj for all r1 and r2, j = 1, 2,…, n, where cj is a constant. Then, cj(() satisfies conditions (i) and (ii) for all j.

Since any constant is always greater than or equal to itself, it follows that condition (i) and (ii) are satisfied by fixing cj(r1, r2) as a constant, implying that a mechanism with pre-assigned fixed fees induces true preference as established in Theorem 3.

Remark 4: The result of Theorem 3 holds by replacing condition (ii) with the stronger (ii(): for all r1, r2, cj(r1, r2) ( c -
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, if rj2 ( c -
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If r2j and r(2j are both not less than c - 
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, by (ii(), pj(r1, r2) = pj(r1, (r(2j, r-j2)), which is exactly what condition (ii) implies. Hence, the result of Theorem 3 still holds by replacing condition (ii) with (ii(). Note that condition (ii() is stronger than (ii): (ii() imposes an upper bound on the price of the public good, while (ii) does not specify any limit. 

Consider the formula below.

cj(r1, r2) = 
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(12)

Applying (12) to (8), pj(r1, (r2j, r2-j)) = pj(r1, (r(2j, r2-j)) holds for the price with this fee function. Hence, reporting true WTP is weakly dominant in stage two, according to the proof of Theorem 3. If condition (ii() is imposed, then pj(r1, r2) = c - 
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 and pj(r(, r) = pj(r, r) with (12) as the fee function. In other words, again by the proof of Theorem 3, truthful revelation is a Nash equilibrium for the entire game. Consequently, the fee function induces truthful revelation under some circumstances. Since the price with this fee function induces true WTP in equilibrium, the upper bound imposed implies that 
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( c must be true. In this case, the fixed fee for user j is equal to wjc/
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in equilibrium; every user pays his fair share, which is his true demand relative to that of the whole group. However, if 
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> c, the conditions on the price will be violated and there will be incentives for users to understate their WTPs. 
Many researchers have inspected efficient provision of public goods from experiments, such as Falkinger et al. (2000) and Menezes et al. (2002). On the other hand, Al-Najjar and Smorodinsky (2000) look at the potential roles of pivotal players. A simple, efficient, and readily applicable mechanism is still to be found. Further research in this area may disclose a fee function or other approaches that can induce public good users’ true WTPs. 

6. Conclusion


This paper has inspected the pivotal mechanism from a pricing perspective and studied a related mechanism based on a Swedish census project with excludability. The pricing scheme of the pivotal mechanism includes three components: a designated cost share, the total cost net of the benefits to others, and the Clarke tax imposed on a pivotal user who forces the others to forgo the public good. By substituting excludability for the Clarke tax, the exclusion mechanism also induces public good users to reveal their true preferences. The Clarke tax and the exclusion option play important roles in revealing the demand for public goods. This paper has compared the welfare impacts of both mechanisms and found that the exclusion mechanism guarantees users a minimum utility level due to the excludability, but further financing may be necessary for the potential budget deficit. Also, prohibiting some users the access to the public good causes Pareto inefficiency when the public good is offered. On the other hand, the pivotal mechanism ensures cost coverage, but under certain circumstances it may hurt some of the users, in comparison to the utility they obtain when the public good is not provided. 

Part of the pricing of the pivotal mechanism depends upon fixed fees, but it does not specify how they might be determined. Through a two-stage approach, the exclusion mechanism explores the possibility of setting the fixed fees by fee functions. Under certain conditions users can influence the fixed fees, but the truthful demand revelation property is still retained. The conditions ensure consistent preference revelation in both stages. 
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� Groves (1973) independently discovered a broader class of mechanisms, of which Clarke’s mechanism is a special case. We choose to develop Clarke’s mechanism because it closely resembles market mechanism.
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