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Abstract Papers that introduce centralized monetary exchange into the Lagos and Wright (2005) usually assume that terms of trade are determined by competitive pricing. The imposition of competitive equilibrium is innocuous in a frictionless Arrow-Debreu economy where the classic core theorem holds. However, doing so may not be without loss of generality in a frictional monetary economy where limited commitment is present. This paper takes the mechanism design approach and explores the best allocation that can be achieved in such an environment without imposing a particular trading mechanism. This is implemented by solving a planner’s problem subject to resource constraints and the incentive constraints implied by limited commitment. It is shown that the competitive allocation is the best incentive-compatible allocation and therefore, imposing the competitive market structure is not restrictive only on one secenario: if side trades cannot be prevented and agents cannot be excluded from future participation in the mechanism. Keywords: Mechanism Design; Monetary Economy; Competitive Equilibrium; Limited Commitment JEL: D4; D8; E0 The author thanks participants at the Chicago Fed Summer Workshop on Money, Banking and Payment System, the Canadian Economic Association Annual Meetings and the North American Summer Meeting of the Econometric Society for helpful discussions and comments. The views expressed in this paper are those of the author. No responsibility should be attributed to the Bank of Canada. y Bank of Canada and University of Manitoba; [email protected]
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Introduction



Lagos and Wright (2005) has become a popular framework for research in monetary economics. The main features of the model are as follows. The economy alternates between two stages, say night and day. Agents are anonymous so it is impossible to directly record agents’ past actions. At the night stage, agents are matched in pairs and there is a lack of double coincidence of wants problem; this together with anonymity, makes money essential as a medium of exchange. At the day stage, agents have quasi-linear preferences and interact in a centralized Walrasian market. The model is explicit about the frictions that make money essential and the assumption of quasi-linear preferences makes the model tractable. Due to these two nice properties, the model is widely used by many researchers.1 In Lagos and Wright (2005), trading at night occurs within pairs of agents, and the terms of trade are determined by Nash bargaining. Researchers have later adopted the framework and extended the model by changing the trading protocol at the night stage. Most keep pair-wise trading but replace Nash bargaining with di¤erent trading mechanisms such as price posting with directed search and price posting with undirected search. Several papers discard pair-wise trading and assume that agents trade in a centralized market at the night stage. Examples are Rocheteau and Wright (2005), Berentsen, Camera and Waller (2007), Andolfatto (2010), Faig and Li (2009) and Dressler (2011). As pointed out in Rocheteau and Wright (2005), anonymity and the lack of double coincidence of wants is enough to make money essential even if agents trade in a centralized market. In all the papers that feature centralized night stage exchange, the terms of trade are assumed to be determined by competitive pricing. Hu, Kennan and Wallace (2009) point out two problems with the current literature that uses the Lagos and Wright framework. The …rst is that there is no explicit mentioning of limited commitment, or agents cannot commit to future actions. However, limited commitment is critical for the essentiality of money (see Kocherlakota 1998a; 1998b). The second is that the trading mechanism at the night stage is exogenously chosen and doing so may not be without loss of generality. Hu, Kennan and Wallace address these two problems maintaining the pair-wise trading structure. They use a mechanism design approach to explore all implementable outcomes when agents are anonymous and cannot commit to future actions. The …nding is that imposing a certain trading protocol such as Nash bargaining has important implications 1



See Williamson and Wright (2010) for a detailed review of the literature that adopts the Lagos and Wright framework. See Nosal and Rocheteau (2011) for a textbook treatment of the framework.
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about whether the …rst-best allocation can be achieved and whether the Friedman rule improves welfare. In this paper we intend to follow the spirit of Hu, Kennan and Wallace (2009) to be explicit about limited commitment and to adopt the mechanism design approach. The purpose is to study whether imposing competitive equilibrium is without loss of generality in a frictional centralized monetary economy with limited commitment. The mechanism design approach allows us to explore the best allocation that can be achieved subject to the resource constraint and the participation constraint imposed by the existence of limited commitment without restricting to a certain trading mechanism such as competitive allocation. We show that with constant money supply, focusing on competitive allocation is not restrictive if agents cannot be prevented from side trades and agents cannot be excluded from participation in the mechanism. In other words, the only coalition-proof allocation is the allocation that can be achieved through competitive markets. The paper is also related to di¤erent versions of the core equivalence theorem. Aumann’s (1964) core equivalence theorem shows the equivalence between core allocations and Walrasian equilibrium allocations in an atomless economy. Hammond (1987, 1989), Haubrich (1988), Townsend (1989) extend the core equivalence result to environments with private information. In all three papers, limited commitment does not play a role. In this paper, We investigate the core equivalence theorem in an environment with limited commitment. In a sense, the paper shows that the core equivalence theorem holds in the monetary economy with …xed money supply. The paper proceeds as follows. Section 2 describes the environment. Section 3 solves the competitive monetary equilibrium. Section 4 studies allocations under monetary mechanisms and discusses whether imposing competitive equilibrium is restrictive or not. Section 5 concludes.
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Environment



The framework is a variant of the quasi-linear environment suggested by Lagos and Wright (2005). Time is discrete and runs from 0 to 1: Each period consists of two subperiods or stages: night and day. Both stages have centralized markets. There is a continuum of agents of measure 1. At night, agents are each endowed with y units of night goods and are subject to a preference shock. With probability 1=2; an agent 3



has high marginal utility from consumption (call the agent a high-valuation agent or a high type) and the utility function is u(c) where > 1 and the function u( ) satis…es u(0) = 0; u00 < 0 < u0 and u0 (0) = +1. With probability 1=2; the agent has low marginal utility from consumption (call the agent a low-valuation agent or a low type) and the utility function is u(c). The realization of the types is public information. During the day, all agents can produce or consume the day good, and share the same linear preference over the good. Let x be the amount of consumption (production x is negative). The utility from consumption (disutility from production if x is negative) is x. To simplify wording, we keep the high (low) type label even during the day. One should note when we refer to a high (low) type agent during day, we mean an agent who had high (low) valuation at the preceding night stage. We focus on symmetric stationary allocations with the allocation pro…le being stationary over time. All agents are treated the same ex ante and each type is treated the same ex post after the preference shock is realized. Let ch and xh represent the night-stage the next-day-stage consumptions for high-valuation agents, respectively. Similarly, let c` and x` be the night-stage and the next-day-stage consumptions for low-valuation agents, respectively. The ex ante lifetime utility of agents at a stationary allocation (ch ; c` ; xh ; x` ) is given by W = 21 1 1 [ u(ch ) + xh + u(c` ) + x` ]. The …rst-best allocation (ch ; c` ; xh ; x` ) maximizes W subject to the resource constraints ch + c` = 2y and xh + x` = 0. To simplify notation, we introduce two variables, night-stage transfer from low type to high type, n = y c` = ch y, and day-stage transfer from high type to low type, d = x` = xh . A stationary allocation can be denoted as ( n ; d ). The lifetime utility of a representative agent can be expressed as W(



n;



d)



The …rst-best allocation (



=



1 1 21
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+ u(y



n ):



is characterized by



u0 (y +
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= u0 (y



n ):



Since > 1; the night-stage transfer n > 0. The day stage transfer, d , can take any value due to linear preferences in day stage good. At the optimal allocation, in each period after the preference shock is realized, each night-stage low-valuation agent transfers n units of his endowment to high-valuation agents. The …rst-best allocation can be implemented if agents can commit to participating 4



in the mechanism. If agents lack commitment, the …rst-best allocation can only be achieved if there is some form of memory technology that allows information about agents’actions to be passed across time (see Kocherlakota, 1998a; b). Suppose agents are anonymous so that it is impossible to directly record the information. In this case, money can be used as a substitute for the missing record-keeping technology. Money is de…ned as a durable, divisible, concealable and non-counterfeitable tokens and can only be issued by the planner (or government). At the beginning of period 0, the planner endows every agent with 1 unit of money, and then keeps money supply …xed at 1. The assumption of …xed money supply is used to avoid the complication involved with changing money stock such as how to inject (retire) money into (from) the economy. A constant money supply also minimizes intervention on the part of the planner.
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Competitive Monetary Equilibrium



In this section solve the competitive monetary equilibrium. Use superscript “+” to denote next period values. Let m and m ^ be the day and night demand for nominal money holdings, respectively. Let p and p^ be the day and night price levels, respectively. Let U be the value function at the beginning of the day, and Vh and V` be the value function of a high and low-valuation consumer at the beginning of the night stage, respectively.



3.1



Day Stage Decision



During day, agents choose day consumption x and the money balances to take into the night market, m, ^ to maximize the expected value function at the night stage: m m ^ 1 ^ + V` (m)] ^ subject to: x = ; U (m) = maxx + [Vh (m) x;m ^ 2 p or U (m) = max m ^



m



m ^ p



1 + [Vh (m) ^ + V` (m)]: ^ 2



The …rst-order condition is: 1 0 1 [Vh (m) ^ + V`0 (m)] ^ = if m ^ > 0: 2 p 5



Note that since m does not enter into the …rst-order condition, the choice of m ^ is independent of m; i.e., everybody takes the same amount of money into the night 0 stage. The envelope theorem gives U (m) = 1=p:



3.2



Night Stage Decision



At night, agents choose night stage consumption c and money holdings m+ for the following day stage. The two types of agents may make di¤erent decisions. The high type solve the following problem: Vh (m) ^ = max+ u(ch ) + U (m+ h ); ch ;m



subject to: m+ h ; p^ 0 (cash constraint);



ch = y + m+ h or Vh (m) ^ = max u y+ +



m ^



mh



where is:



m ^



m+ h p^



+ U (m+ h)+



+ h mh ;



is the multiplier associated with the cash constraint. The …rst-order condition u0 (ch ) = U 0 (m+ h)+ p^



h



=



p+



+



The envelope theorem implies that Vh0 (m) ^ = u0 (ch )=^ p: The low type solve the problem V` (m) ^ = max+ u(c` ) + U (m+ ); c` ;m



subject to: m+ ` ; p^ 0 (cash constraint);



c` = y + m+ `



m ^
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h:



or V` (m) ^ = max u y+ + m`



m ^



m+ ` p^



+ U (m+ ` )+



+ ` m` :



The …rst-order condition is: u0 (c` ) = U 0 (m+ ` )+ p^



`



=



p+



+



`:



0



Envelope theorem implies that V` (m) ^ = u0 (c` )=^ p:



3.3



Equilibrium



We focus on stationary equilibrium where all real variables are stationary over time. With a constant money supply, the nominal variables are also stationary over time. A stationary equilibrium is de…ned as a set of allocations (ch ; c` ; mh ; m` ; m; ^ x h ; x` ) and prices (p; p^), such that all agents maximize taking prices as given and all markets clear. The conditions for maximization are given in the above two subsections. There are two money market clearing conditions: (mh + m` )=2 = 1 during day and m ^ =1 at night. There are two goods market clearing conditions: xh + x` = 0 during day and ch + c` = 2y at night. With constant money supply, the real rate of return of money is 1. In this case, the cash constraint for the high type binds so mh = 0 (and m` = 2 by using the night stage money market clearing condition). The constraint for the low type is slack so 0 p = =p+ . Combining this with the day stage …rst-order condition ` = 0 and u (c` )=^ and the two night stage envelope results gives: u0 (c` ) p^ u0 (ch ) = = : 2 p Using the market clearing conditions gives p^ 1=(ch y) = = p 1=xh



d



:



n



The competitive equilibrium allocation can be characterized by the pair (^n ; ^d ) that satis…es u0 (y + ^n ) u0 (y ^n ) ^d = = : 2 ^n Comparing the condition for competitive allocation and the condition for …rst7



best allocation shows that ^n < n : I.e., in the competitive equilibrium, the high type consume too little and low type consume too much in comparison with the …rst-best allocation. Most papers that introduce centralized night-stage exchange to the Lagos and Wright (2005) framework assume competitive allocation. While the assumption of competitive equilibrium is without loss of generality in a frictionless Arrow-Debreu economy (according to the classical core Theorem), the assumption may not be innocuous in a frictional monetary economy where agents cannot commit to future actions. In other words, there may exist other incentive compatible monetary mechanisms that can implement higher welfare than the competitive equilibrium allocation.
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Monetary Mechanisms



In the absence of a record-keeping technology, money is used as a memory device to communicate information across time. The planner (or mechanism designer) tries to infer the participation history of each agent by checking the agent’s money balance. A monetary mechanism has three ingredients: checking the money balance of each agent at the beginning of each stage, proposing monetary exchange in each stage and penalizing non-participating agents. We will again restrict to stationary symmetric allocations. To achieve a stationary symmetric allocation, it is logical that the monetary mechanism requires each participant to show the same amount of money while entering into the night stage (before the preference shock is realized). With constant money supply, this means that every participant should enter the night stage with $1. At night, the planner proposes exchange opportunities to each type of agents. For agents with realized high preferences, the proposal is to use n to exchange for $1. For low-valuation agents, the proposal is to use $1 to exchange for n goods. During day, agents who were low type in the preceding night stage are required to show $2 to participate in the day stage exchange. Agents who were high type in the preceding night stage are not required to show money balances to participate in the day exchange because they would enter the day with $0 if they follow the planner’s recommendation to trade at the preceding night stage. The day stage exchange opportunities proposed by the planner is such that the high type is given the opportunity to use d units of goods to exchange for $1, and the low type has the chance to use $1 to exchange for d units 8



of goods. Imagine all agents accept the planner’s recommendation. Everyone enters the night stage with $1. After the realization of the preference shock, low-valuation agents make the transfer n at night, enter the day stage with $2, receive the transfer d during day and leave the day stage with $1. At the same time, high-valuation agents receive the transfer n at night, enter the day stage with $0, make the transfer d during day and leave the day stage with $1. The same process is repeated in each period. In the presence of limited commitment, agents must …nd it in their own bene…ts to accept the planner’s proposal instead of choosing not to participate. The planner must design the mechanism to be incentive compatible and the allocations must satisfy the participation constraints (PCs). The form of the participation constraints depend on whether the planner can spot non-participation and how much penalty can be imposed on deviants. Here we assume that the most severe punishment is perpetual autarky. Imposing perpetual autarky is feasible only if the planner can detect non-participation and exclude non-participants from all future trades, including exchange in the central mechanism administered by the planner and side trades with other individuals. In this section, we consider four possible situations which are distinguished by whether exclusion from the central mechanism can be implemented and whether sides trades are permitted. We call the mechanism a "closed" mechanism if agents can be excluded from the mechanism, and an "open" mechanism if otherwise. Under a closed mechanism, imagine there is a bouncer checking agents’money holdings before admitting them into the mechanism. For side trades, imagine black markets where agents can engage in mutually bene…cial trading with each other. The four situations are (1) closed mechanism without side trades, (2) open mechanism without side trades, (3 )closed mechanism with side trades and (4) open mechanism with side trades. The planner’s objective is to propose ( n ; d ) to maximize the ex ante lifetime utility of a representative agent W ( n ; d ) = 21 1 1 u(y + n ) + u(y n ) subject to PCs. The form of the PCs is di¤erent in each situation.



9



4.1



Situation I: Closed Mechanism without Side Trades



Under a closed mechanism, the planner can exclude an agent from the central mechanism once the planner spots the agent as a deviant in the past by checking the agent’s money holdings. If side trades can be prevented at the same time, the planner can impose perpetual autarky on deviants as long as deviants can be detected in all future periods. We determine the form of the participation constraints in the following. First consider the night stage. For low-valuation agents, if they skip the night stage because they do not want to make the transfer n , they will leave the night stage with $1 and will have to give up the exchange opportunity during day as well because their money holdings are less than the required $2. However, the deviating agents have no problem coming back to future night stages to take advantage of the night stage transfer if they turn out to have high valuation because they have the required $1 to enter the night stage. The planner cannot spot the deviation because the agent has $1 and can come back to participate in the mechanism to ask for nightstage transfer if he becomes a high-valuation agent at the following night stage. For a high-valuation agent, expecting that he has to work at the following day stage in exchange for higher consumption at night, he may choose not to participate at the current stage, hold on to his $1 and come back to the mechanism in the future if he turns out to be a low type. In view of this, the participation constraints at the night stage can be written as: u(y



n)



+



d



+ W



u(y) +



u(y +



2(1



n)



) d



[ u(y +



n)



d



u(y),



+ u(y)], for low type; for high type.



At the day stage, there are also two PCs. High-valuation agents enter the day stage with $0. By requesting agents to show $1 before they enter all subsequent night stages, the planner can spot and exclude from the mechanism those who receive n at night but refuse to participate at the following day stage. Agents who made the transfer in the pervious night stage (the low type) enter the day stage with more than $1, and they will not participate the day stage unless they receive a positive good transfer. The day-stage participation constraints are therefore: d



W0 , for high type;



+W d



for low type;



0, 10



1 1 21



where W0 autarky.



[ u(y) + u(y)] is the life-time utility associated with perpetual



Note that if n > 0; for night-stage low-valuation agents, the night-stage PC implies the day-stage PC. It can also be shown that the two night stage PCs do not contradict with each other for an allocation if n > 0. An improvement upon autarky must have n > 0. In the rest of the paper, we will focus on allocations with n > 0. If n > 0. it is su¢ cient to use the day-stage PC for high-valuation agents and the night-stage PC for low-valuation agents, which can be rearranged as d



[u(y)



d



W



u(y



n )]=



W0 ,



, for low type, for high type.



The …rst-best allocation can be achieved if and only if



u(y) u(c` )



+W



W0



0, or



2[u(y) u(c` )] u(ch ) u` + (1 )u(y)



0



Since competitive equilibrium can only achieve allocations that imply lower welfare than the …rst-best allocation irrespective of the value of , we can conclude that imposing competitive equilibrium is restrictive in situation I.



4.2



Situation II: Open Mechanism without Side Trades



Now let us consider situation II, in which the planner does not exclude agents from participating in the mechanism irrespective of their money holdings and participation histories. We will maintain the feature of no side trades. Following a similar argument as in Situation I, we only need to consider participation constraints for agents who are suggested to make transfers, i.e., low-valuation agents at night and high-valuation agents during day. The participation constraint for the low-valuation agents at night remains the same as before (remember the low type can skip the night stage and the following day stage and maintain $1 of money holding to participate in future periods). The constraint for the low-valuation agents at day will change from W0 to d+W d +W



0+



u(y) + u(y 2



n)



+



2 (1



) 11



u(y) + u(y + 2



n)



+



d



+ u(y



n)



to re‡ect that the planner cannot exclude low-valuation non-participants from the central mechanism. With an open mechanism, the deviant can do better than perpetual autarky because he is now free to come back to future night stages. If the agent chooses not to restore his money holding by working during day, he must think that restoring his money balances at night is more desirable. In other words, he chooses not to work during day and hopes to replenish his money holdings if he turns out to be low-valuation consumer in the following night stage, where he can make the transfer n , earn $1 and skip the day stage to restore his eligibility to participate in the mechanism at night. If he turns out to be a high valuation person at that stage, he consumes his endowment at night, skips the day stage and waits for the chance that he becomes a low-valuation consumer in the future.2 The PC for the low type can be simpli…ed as d



2



[u(y +



n)



u(y)] :



It can be shown that the …rst-best allocation can be achieved if and only if so imposing competitive equilibrium is again restrictive in this situation.



4.3



0,



Situation III: Closed Mechanism with Side Trades



Now consider the closed mechanism that permits side trades. The opportunities to engage in side trades can undermine the power of the planner to impose perpetual autarky. With the possibility of side trades, the planner has to respect multilateral incentive constraints to remove the incentive to engage in group deviation from the recommended allocation. In a symmetric equilibrium, all agents are treated the same ex ante and all agents of the same type are treated the same ex post after the realization of preference shocks. After the realization of the preference shock, the economy has only two types of agents: high-valuation agents and low-valuation agents. Each type is asked to make a transfer: low type at night and high type during day. Agents may consider not participating in the central mechanism if they think the transfer is too high. If one type of agents think the requested transfer is too high, they can form a coalition to side trade among themselves to improve their wellbeing. 2 Note the agent cannot exchange goods for money at night because the planner will not o¤er the trading opportunity to a high type. If the agent comes to the day with 0 money, he will skip the day to be consistent with what he did before to refuse to replenish money holding by working during day.
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Consider potential side trades among low type at night. All participants have the same allocation and all non-participants have the same allocation. The gains from trade can only be derived from exchange between participants and non-participants. The period utility for participants is u(y n) + d , and the period utility of nonparticipants is u(y) + 0. A mutually bene…cial trade must involve participants receiving night good from participants and transferring day good to nonparticipants at the following day stage. However, in a world with limited commitment, those who give up goods …rst (nonparticipants) must receive money for the goods. The problem is that if participants transfer some money to nonparticipants, the money holdings of participants will be short of $2. In a closed mechanism, this means participants will not be able to participate during day. Under a closed mechanism, agents will not choose to side trade even if the planner permits them to do so. Similar argument holds for the high type. The participation constraints in Situation III therefore remain the same as in Situation I. In this situation, assuming competitive equilibrium is again restrictive.



4.4



Situation IV: Open Mechanism with Side Trades



In this subsection, we show that imposing competitive equilibrium is not restrictive if the planner cannot exclude nonparticipants from the central mechanism and side trades cannot be prevented either. Let us check the participation constraints for low-type agents …rst. The period utility for participants is u(y n) + d , and the period utility of non-participants is u(y) + 0. As argued in Situation III, a mutually bene…cial side trade involves nonparticipants exchange good for money at night and exchange money for good at the following day stage. Under an open mechanism, the planner does not check agents’money balances before they enter the mechanism. As a result, participants are free to accept proposed trade ($1 for d goods) from the planner at the day stage even if they have less than $2. Unlike in situation III with a closed mechanism, the open mechanism makes it possible to participate in the central mechanism and engage in side trades at the same time. We use a graph to characterize the potential gains of trade between participants and nonparticipants. De…ne G(c; x) u(c)+ x. In …gure 1, the allocation for participants is labeled as point A(y n ; d ). The allocation for non-participants is marked by point A0 (y; 0). The utilities of participants and nonparticipants can be expressed as G(y n ; d ) and G(y; 0), respectively. The curve 13



through points A and A00 is the indi¤erence curve through participants’ allocation bundle. If the slope of AA0 = d = n < u0 (c` )= ; low type can form a coalition and consume at a point between AA00 which gives higher utility than the recommended allocation A. Note that by changing the fraction of participants and nonparticipants, the coalition can achieve any point on AA0 : Let be the fraction of participants and 1 be the fraction of non-participants. The post-exchange consumption of an agent in the coalition is [ (y )y; d ] (note that participants and n ) + (1 nonparticipants must have the same post-collusion allocation if 0 < < 1). The exchange occurring within the coalition is as follows. At the night stage after the realization of the preference shocks, participants use $1 to buy c = (1 ) n units of night good from nonparticipants. At the following day stage, nonparticipants use $1 to buy d = n units of day good from participants. To prevent side trades among low-valuation agents, it is required that d



u0 (c` )



:



n



Figure 1 Low type side trade if |slope of AA’| = x
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τ d u ' (c l ) < τn β
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A’: opt out y



y −τ n
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Alternatively, we can derive the incentive constraint for low-type agents as follows. The objective of the coalition is to choose the composition of the coalition ( ) to maximize the utility of its members. To induce full participation, the planner must design ( n ; d ) such that the deviating coalition chooses = 1 as the optimal
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composition of the coalition. The coalition solves the following problem maxG(c; x; ) = u[ (y



n)



+ (1



The condition to remove the incentive to side trade is u0 (y n ) : 0 or nd



)y] + dG j =1 d



d:



= u0 (y



n )(



)



n+



d



Now let us turn to potential collusion among high type. During day, the planner suggests high-type agents to make a transfer of d to earn $1. If high type participate in the mechanism, their utility in the following period is d



+



[ u(y +



n)



d]



+ [u(y 2



n)



+



d]



.



If the agent refuses to participate in the mechanism, he goes to the next night stage with 0 money. Suppose the agent follows the following strategy and then colludes with participants. If he is a low type at the following night stage, he makes the night good transfer n , earns $1 and skips the following day stage. If he is a high type, he skips the night stage consuming his endowment y and makes the day good transfer d at the following day stage to earn $1. After one period, the agent has $1 and is able to participate in the mechanism again. His ante-collusion utility in the following period is [ u(y) d ] + [u(y n ) + 0] : 0+ 2 2 De…ne H(x; c1 ; 1 ; c2 ; 2 ) = x + u(c12)+ 1 + u(c2 )+ . We can rewrite the ante2 collusion utility of participants as H( d ; y+ n ; d ; y n ; d ) and the ante-collusion utility of nonparticipants as H(0; y; d ; y fracn ; 0). Consider a coalition with tion of participants and 1 fraction of nonparticipants. The consumption bundle of an agent in the coalition is given by [ )y; d ; y d ; (y + n ) + (1 n; d ]. The coalition solves the problem



maxH(x; c1 ;



1 ; c2 ;
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1 f u[ (y+ 2



n )+(1



)y]



The condition that removes the incentive to side trade is 1 0 or n) n + 2 d u0 (y + n ) d : 2 n



d ]g+



dH j =1 d



1 fu(y 2



=



d



+



n )+



1 2



u0 (y +



In situation IV, to eliminate the incentive to side trade, it is required that u(c` ) 15



dg



u0 (ch ) . 2



The best possible incentive compatible allocation is characterized by 0 u(c` ) = nd = u2 (ch ) , which is exactly the condition that characterizes Competitive equilibrium allocation. In situation IV, imposing Competitive equilibrium is not restrictive. d n
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Conclusion



In this paper we investigate whether imposing competitive monetary equilibrium is innocuous in a monetary economy with limited commitment. We show that in a quasilinear environment with constant money supply, imposing competitive equilibrium is not restrictive only when side trades cannot be prevented and the planner cannot prevent agents from future participation in the central mechanism. If one of the two conditions is violated, then focusing on competitive monetary equilibrium is not without loss of generality in the sense that there exist mechanisms that can achieve better allocations than competitive equilibrium. The competitive equilibrium can be viewed as an open mechanism that permits side trades.
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