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This paper investigates the role of money in markets in which producers have private information
aboutthe quality of the goods they supply. When the fraction of high-quality producers in the economy is
given, money promotes the production of high-quality goods, which improves the quality mix and welfare
unambiguously. When this fraction is endogenous, however, we find that money can decrease welfare
relative to the barter equilibrium. The origin of this inefficiency is that money provides consumption
insurance to low-quality producers, which can result in a higher fraction of low-quality producers in the
monetary equilibrium. Finally, we find that most often agents acquire more costly information in the
monetary equilibrium than in the barter equilibrium. Consequently, money is welfare-enhancing because
it promotes useful production and exchange, but not because it saves information costs.

The recognition that information is imperfect, that obtaining information can be costly,
that there are important asymmetries of information, and that the extent of information
asymmetries is affected by actions of firms and individuals ... has provided explanations of
economic and social phenomena that otherwise would be hard to understand. Joseph
Stiglitz (2000)

1. INTRODUCTION

This paper studies the role of money in decentralized markets in which agents have private
information about the quality of the goods they supply. We address three issues that are at the
crossroads of the economics of information and the pure theory of money (see the Joseph Stiglitz
quotation above). First, we explore how money affects the supply of high-quality goods (the
quality mix) when the fraction of high-quality producers in the economy is exogenous. This
question is related toAkerlof’s (1970) paper on “lemons” and the adverse selection problem.
Second,we endogenize the fraction of high-quality producers and consider how money affects
agents’ incentives to engage in opportunistic behaviour,i.e. to become lemon producers. Along
the lines ofWilliamson and Wright(1994), this analysis investigates the role of money in
alleviating the moral hazard problem. Third, we consider how money affects agents’ decision
to acquire information. We investigate the validity ofBrunner and Meltzer’s (1971) andKing
andPlosser’s (1986) claim that money is a substitute for information acquisition.1

We analyse these issues by building a search model of money along the lines ofShi (1999,
2001) andBerentsen and Rocheteau(2003) in which money and goods are perfectly divisible

1. There is a voluminous literature that studies the functioning of markets with asymmetric information. For a
survey, seeStiglitz (1987). A recent strand of this literature pioneered byInderst(2001,2002) studies adverse selection
andsignalling in random-matching environments. Among the papers that consider the role of money when the quality of
goods is private information areBrunner and Meltzer(1971),Alchian (1977),King and Plosser(1986),Williamson and
Wright (1994),Banerjee and Maskin(1996) andTrejos(1999).
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and the terms of trade are determined endogenously in bilateral meetings. In contrast to most
matchingmodels of money, all agents in the market are endowed with money and production
opportunities, which allows them to finance their purchases through real production, money, or
both. In order to abstract from the double coincidence problem, we assume that a commodity
of a given quality provides the same utility to all agents. This setting allows us to focus on
private information, which, according toAlchian (1977), is the principal friction underlying the
institutionof monetary exchange.

We first show how money affects the terms of trade, defined as the quantities produced
and consumed in each meeting. We identify two effects. The first effect is related to the
recognizability property of money. With valued money, sellers can ask to be paid with money,
an object of universally recognizable quality, instead of with goods of uncertain quality. This
possibility crowds out the use of real production as a means to finance consumption. The
crowding out of real goods payments is what we call therecognizability effectof money.

The second effect is theinsurance effectof money. With money, buyers consume more
relative to what they consume in the barter economy because money disconnects what buyers
can buy from how they are perceived. In this sense, money acts as consumption insurance. In
particular, this insurance allows low-quality producers to consume even when they are recognized
as lemon producers. In contrast, in a barter economy, recognized low-quality producers cannot
consume because low-quality goods are worthless.

The first part of the paper investigates the adverse selection problem. We assume that
the fraction of high-quality producers is exogenous. Nevertheless, the quality mix, defined as
the ratio of the total production of high-quality goods to the total production of all goods, is
endogenous because the quantities produced are negotiated in bilateral meetings. The key result
of this section is that an increase in the real value of money improves the quality mix and
welfare unambiguously because increasing the real value of money promotes the production
of high-quality goods and reduces the production of lemons. Thus, money is a device to partially
overcome the adverse selection problem that arises in barter.

In the second part of the paper, we endogenize the fraction of high-quality producers
to study how money affects agents’ incentives to become lemon producers. We find that the
recognizability effect raises the benefit of being a high-quality producer, and therefore, induces
agents to produce high-quality goods more often. In contrast, the insurance effect increases the
benefit of being a low-quality producer. This effect, therefore, induces agents to take more risks,
i.e. to become lemon producers more often.

The severity of the information problem determines which effect dominates. If the
information problem is severe, then the recognizability effect dominates the insurance effect
and the fraction of high-quality producers is larger in the monetary equilibrium than in the
barter respectively non-monetary equilibrium. With increasing information, the recognizability
effect becomes relatively less important and is eventually dominated by the insurance effect.
Consequently, if the information problem is not severe, the fraction of high-quality producers
is smaller in the monetary equilibrium than in the barter equilibrium. Interestingly, for some
parameter values there is a positive fraction of lemon producers in the monetary equilibrium but
there are no cheaters in the barter equilibrium. Moreover, welfare can be strictly lower in the
monetary equilibrium than in the barter equilibrium.

In the third part of this paper, we endogenize the level of information by allowing agents
to invest in a costly inspection technology. This investment improves their ability to recognize
the quality of the goods supplied in the market. We find that there is always a positive
fraction of cheaters in equilibrium. Hence, heterogeneous quality is a natural outcome when
the information structure of the economy is endogenized. We show that for most parameter
values agents invest more in information in a monetary economy than in a barter economy.
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Moreover, when information costs are high there is no active non-monetary equilibrium, whereas
anactive monetary equilibrium always exists. Thus, in contrast toBrunner and Meltzer(1971)
andKing and Plosser(1986), our model suggests that investment in information and money are
complements.2

Our paper is most closely related to the random-matching models of money ofWilliamson
andWright (1994),Kim (1996), andTrejos(1999).3 Like Williamson and Wright(1994), we
consideran environment where in the absence of private information all agents produce high-
quality goods, which implies that there is a double coincidence of wants in each meeting. This
allows us to abstract from the double-coincidence-of-wants problem that is most often used
to explain money (e.g.Kiyotaki and Wright,1991,1993), as well as to focus on asymmetric
information as an explanation for why agents use fiat money. In contrast toWilliamson and
Wright (1994) andKim (1996), who consider environments where both money and goods are
indivisible and where agents can hold at most one object at a time, we have divisible money,
divisible goods, and no inventory restrictions on money holdings. In contrast toTrejos(1999),
in our analysis money is perfectly divisible and the cost of cheating is endogenous because it
depends on the equilibrium terms of trade. Moreover,Trejos(1999) rules out barter trades, which
implies that money has a welfare-improving role even in the absence of a private information
problem.Banerjee and Maskin(1996) consider the adverse selection problem in a Walrasian
framework, where each good can be produced in two qualities. They show that the commodity
that has the smallest discrepancy between the two qualities will emerge endogenously as the
medium of exchange. In this sense, they derive rather than assume the recognizability property
of money.

Finally, our paper complementsBerentsen and Rocheteau(2003). In that paper we consider
a complete information environment where the traders in bilateral meetings have asymmetric
tastes for each other’s good. The benefit of money arises because it generates larger gains from
trade relative to barter. In this paper, the asymmetries between matched traders arise from the
combination of heterogeneous quality and private information. In both models asymmetries are
the reason why fiat money can be valued. Unlike early random-matching models of money, our
framework does not rely on the indivisibility of money and inventory restrictions. Moreover,
divisible money allows us to study the effects of changes in the growth rate of the money
supply on the quality mix. Interestingly, it also greatly simplifies the typology of equilibria. In
particular, under the Friedman rule we generically find uniqueness of the monetary equilibrium.
Moreover, divisible money breaks the artificial link between the quantity of money and the
fraction of buyers. In fact, an important characteristic of the model is that money is neutral but
not superneutral as in most Walrasian models of money.

The remainder of the paper is organized as follows. InSection 2we present the environment.
Section 3describes the equilibrium, identifies the recognizability and the insurance effects
of money, and addresses the adverse selection problem. InSection 4, the fraction of lemon
producersand inSection 5the information level are endogenized.Section 6concludes.

2. MONEY AND THE TERMS OF TRADE

We consider a random-matching model with divisible goods and divisible money. Time is
discrete and goes on for ever. The economy is populated with a large number of infinitely lived

2. Quoting Brunner and Meltzer(1971, p. 799): “for individuals, money is a substitute for investment in
informationand labour allocated to search. By using money, individuals reduce the amount of information they must
acquire, process and store.”

3. Private information problems in search models of money have also been studied byCuadras-Morat́o (1994),Li
(1995),Green and Weber(1996),Haegler(1997),Trejos(1997), andVelde, Weber and Wright(1999). All these papers,
however, concentrate on issues quite different from the ones we treat.
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agents, which are randomly matched into pairs in each period. Each agent in a match has a
productionopportunity for a good desired by his trading partner, which he cannot consume
himself. However, each agent is either a high or a low-quality producer, where the type of the
trader is private information. For the moment we assume that the fraction of market participants
that produce high quality, denoted by5, is exogenous. Holding5 constant allows us to study
how money affects the production of low-quality goods through its effect on the terms of trade.
Later on we endogenize5 to see how money affects the decision to cheat.

In this section we discuss the formation of the terms of trade in the bilateral matches. We
first present our assumptions about preferences, the production technology and the information
available to the matched agents. We then characterize the incentive-feasible and the socially
efficient allocations in the bilateral meetings. Finally, we present the trading mechanism, which
we will use to analyse how money affects adverse selection, moral hazard and information
acquisition.

2.1. Technology and preferences

There is a continuum of non-storable goods, where each good can be produced in low or
high quality.4 Each agent has the technology to produce one good, and he derives utility from
consumingall high-qualitygoods other than his production good. Producingq units of a good of
high quality yields the instantaneous disutilityc(q) = q. Producing low-quality goods (lemons)
costs nothing. The instantaneous utility of consumingq units of a commodity of high quality is
u(q), whereu(q) is increasing and twice differentiable, and satisfiesu(0) = 0, u′(0) = ∞ and
u′′(q) < 0. Furthermore, there existsq∗ > 0 such thatu′(q∗) = 1. Consuming a lemon generates
no utility. Goods cannot be stored, and production is instantaneous.

In addition to the consumption goods, there is also an intrinsically worthless, storable and
fully divisible object called fiat money. In contrast to real goods, there is no uncertainty about the
quality of money,i.e. it cannot be counterfeited. At the beginning of each period, each market
participant holdsm units of money.

2.2. Information

We adopt the information structure suggested byAlchian (1977) andWilliamson and Wright
(1994). Each agent is able to recognize the quality of a commodity with probabilityθ andcannot
assess the quality of a commodity with probability 1− θ .

Consider agenti who is randomly matched to some partnerj . Let εi ∈ [0,1] (ε j ∈ [0,1])

denote the belief of agenti ( j ) about the quality of the good produced by his partner in the
match. More precisely,εi is the probability thati ’s partner is a high-quality producer conditional
on the information available toi . There are two cases to distinguish. First, agenti recognizes the
quality of the good produced by his partner in the match. Then,εi = 1 if i ’s partner is a high-
quality producer andεi = 0 otherwise. Second, agenti does not recognize the quality of the
good produced by his partner in the match. Then,εi = 5 where5 is the fraction of high-quality
producers in the economy. In summary, the prior beliefs in a match are(εi , ε j ) ∈ E ≡ {0, 5,1}

2.
Thus, some matches will be characterized by complete information, others by one-sided or two-
sided incomplete information.

When an agent decides which quality to produce he must anticipate how he will be assessed
by his partner in the match. LetfH (ε) denote the probability that an agent will be assessed

4. We assume the existence of a large number of goods to formalize the idea that agents cannot recognize the
qualityof all goods in the economy. Otherwise this assumption is unimportant for our analysis.
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according to the beliefε conditionalon being a high-quality producer and letfL(ε) denote the
probability that an agent will be assessed according to the beliefε conditional on being a low-
quality producer. The distributions of probabilitiesfH and fL satisfy

fH (0) = 0 fH (5) = 1 − θ fH (1) = θ

fL(0) = θ fL(5) = 1 − θ fL(1) = 0.
(1)

Equations (1) have the following interpretation. Conditional on agenti being a high-quality
producer, he is recognized as such with probabilityfH (1) = θ and with probability fH (5) =

1−θ the quality ofi ’s output is not recognized. The second line of (1) has a similar interpretation.
Theunconditional probabilityf (x) is defined as follows:

f (x) = 5 fH (x) + (1 − 5) fL(x) ∀x ∈ [0,1]. (2)

Note from (1) and (2) thatf (·) and fH (·) arerelated as follows:

x f (x) = 5 fH (x) ∀x ∈ [0,1]. (3)

2.3. Incentive-feasible trading mechanisms

In order to define an incentive-feasible trading mechanism, consider a match between agentsi
and j . The true type of agenti is denoted byχi ∈ {L , H} and the one of agentj by χ j ∈ {L , H},
whereχi = L if agent i is a low-quality producer andχi = H , if agent i is a high-quality
producer. Letmi ∈ <

+ andm j ∈ <
+ denote the money holdings of agentsi and j , and let

ωi andω j denote their marginal value of money, respectively. In all meetings the prior beliefs
(εi , ε j ) ∈ E, the money holdings, and the marginal values of money are common knowledge. A
match type is a list(εi , ε j , mi , m j , ωi , ω j , χi , χ j ) containing all this information.

A static trading mechanism is a functiono(εi , ε j , mi , m j , ωi , ω j , χi , χ j ) assigning to each
match type an outcome:5

o : E × <
4
+ × {L , H}

2
→ <

2
++ × <.

An outcome of a trading mechanism is an allocation(qi , q j , xi j ) where qi is the quantity
consumed byi and produced byj , q j is consumed byj and produced byi andxi j is the monetary
transfer from agenti to agentj . The outcome has to be physically feasible,i.e. the quantitiesqi

andq j must be non-negative and the transfer of money must satisfyxi j ∈ [−m j , mi ]. Agent i
cannot transfer more money than what he holds and he cannot receive more money than what his
partner holds.

A mechanism is incentive-compatible if no agent has an incentive to misrepresent
his type. Let us consider the incentive-compatibility constraints for playeri . For a given
(εi , ε j , mi , m j , ωi , ω j ), let (qk

i , qk
j , xk

i j ) be the allocation prescribed by the mechanism when

player i reportsk = H, L, and agentj reports truthfully. Note that the allocation(qk
i , qk

j , xk
i j )

is a function of the true type of agentj , χ j . Let Eχ j [1{χ j =H}u(qk
i ) − qk

j − xk
i j ωi ] be player

i ’s expected utility if he is a high-quality producer and reportsk = H, L. Accordingly, let
Eχ j [1{χ j =H}u(qk

i ) − xk
i j ωi ] be his expected utility if he is a low-quality producer and reports

k = H, L. Then, the incentive-compatibility constraints for playeri are

Eχ j [1{χ j =H}u(qH
i ) − qH

j − xH
i j ωi ] ≥ Eχ j [1{χ j =H}u(qL

i ) − qL
j − xL

i j ωi ], (4)

Eχ j [1{χ j =H}u(qL
i ) − xL

i j ωi ] ≥ Eχ j [1{χ j =H}u(qH
i ) − xH

i j ωi ], (5)

5. By including the prior beliefs we depart slightly from the standard definition of a static mechanism (e.g.
Ausubel, Cramton and Deneckere,2002).
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where1{χ j =H} is the indicator function that is equal to one ifχ j = H . The inequalities (4) and
(5) require that for playeri honestreporting is a best response. They imply that the difference
of the expected utilities of low-quality and high-quality producersEχ j [1{χ j =H}u(qL

i )− xL
i j ωi ]−

Eχ j [1{χ j =H}u(qH
i ) − qH

j − xH
i j ωi ] is at least equal toEχ j [q

H
j ]. Thus, any incentive-compatible

mechanism allows low-quality producers to extract a rent equal to at least the production cost of
high-quality producers.

In the following we will focus on pooling mechanisms for the following reasons. First,
the outcome of a separating mechanism may be inconsistent withex postindividual rationality
because the outcome reveals the true type of the low-quality producers.6 Second, as mentioned
above the rent obtained by low-quality producers in any incentive-compatible mechanism is at
leastEχ j [q

H
j ]. Thus, separating mechanisms do not eliminate the incentives to cheat.

Any incentive-feasible pooling mechanism must satisfy the participation constraints for the
players. For agenti , the participation constraint is

Eχ j [1{χ j =H}u(qi ) − 1{χi =H}q j − xi j ωi ] ≥ 0. (6)

According to (6), the expected surplus of playeri hasto be non-negative whereχ j , the type of the
partner in the match, is a random variable and where(qi , q j , xi j ) depends on the match type as
previously defined. The participation constraints of the high-quality producers are always more
restrictive than the participation constraints of the low-quality producers because low-quality
producers have no production cost. Consequently, the outcome of a pooling trading mechanism
has to satisfy the two following participation constraints:

εi u(qi ) − q j − ωi xi j ≥ 0, (7)

ε j u(q j ) − qi + ω j xi j ≥ 0. (8)

Obviously, there are many pooling mechanisms that satisfy (7) and (8) and we will need to further
restrictthe mechanisms which we consider in the paper. Before we do so, however, let us describe
the socially efficient trading mechanism.

2.4. Socially efficient allocations

For each match, we assume that the social planner chooses the allocation(qi , q j , xi j ) in order to
maximize the sum of the utilities of the matched players minus the costs of production,i.e.

(qi , q j , xi j ) = arg max{1{χi =H}[u(qi ) − qi ] + 1{χ j =H}[u(q j ) − q j ]}

s.t. −m j ≤ xi j ≤ mi .

The solution to this programme isqi = q∗ if χ j = H , andq j = q∗ if χi = H , whereq∗ satisfies
u′(q∗) = 1, i.e. the efficient allocation requires a high-quality producer to produceq∗. Note that
the production and consumption of low-quality goods and the transfer of money is irrelevant for
social welfare.

2.5. The Nash-pooling-mechanism

In the previous section we saw that the choice of a trading mechanism is arbitrary to a large
degree. For meetings with complete information a “reasonable” outcome is pairwise Pareto-
efficient and is independent from the identities of the players. In matches where agents are

6. If the traders are able to withdraw from the mechanism at theex poststage that arises after the agents have
announced their types and an outcome has been chosen, then the mechanism must satisfy theex postparticipation
constraints.
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symmetric (they produce the same quality and have the same money holdings) the unique
outcomethat satisfies the previous requirements is the symmetric Nash bargaining solution. In
contrast, for bilateral meetings with incomplete information, very few guidelines exist for the
choice of a trading mechanism.7 Our approach will be to choose a particular pooling mechanism,
whichhas properties that we find interesting, and then to discuss the robustness of our results with
respect to this choice throughout this paper.

We call our choice the Nash-pooling-mechanism because it coincides with the Nash
bargaining solution when there is complete information in a match. Consider a symmetric
equilibrium in which all agents holdm units of money and where the marginal value of money
for all households isω. If the prior beliefs of the agents areε = (εi , ε j ), then the allocation for
the match(qi , q j , xi j ) satisfies the following programme:8

(qi , q j , xi j ) = arg max[εi u(qi ) − q j − xi j ω][ε j u(q j ) − qi + xi j ω] (9)

s.t. −m ≤ xi j ≤ m,

whereqi is the quantity of goods delivered by agentj , q j is the quantity of goods delivered
by agenti and xi j is the quantity of money exchanged. Ifxi j > 0, agenti deliversxi j units
of money to agentj , and if xi j < 0, he receivesxi j units of money. In matches with complete
information, the solution to the above problem coincides with the Nash bargaining solution. In
matches with (one-sided or two-sided) incomplete information, the offer maximizes the product
of the expected surpluses of the two players given their prior beliefs, assuming that they are
high-quality producers.

The Nash-pooling-mechanism has the following properties. First, as its name suggests, it
is pooling: the outcome depends on the prior beliefs of the agents, but not on their true types.
Second, the mechanism is incentive feasible. It is physically feasible and the participation and
the incentive-compatible constraints of all player types are satisfied. Third, as for any incentive-
feasible static trading mechanism, the gain from cheating is equal to the production cost of
high-quality producers. Fourth, in matches where both players are recognized as high-quality
producers,i.e. (εi , ε j ) = (1,1), the allocation is pairwise Pareto-efficient and independent
from the identity of the players,i.e. (qi , q j , xi j ) = (q∗, q∗, 0). This allocation is of particular
interest to us because many results will depend on these complete information meetings only
(seeSections 4.4and5.2). Fifth, the bargaining power of the players does not depend on the
prior beliefs, which implies that the decision of an agent to produce high- or low-quality goods
does not affect his bargaining power in future meetings.

The solution to (9) implies that the terms of trade in anε-meeting,(qi , q j , xi j ), satisfy the
following two equations:

εi ε j u
′(qi )u

′(q j ) = 1 (10)

1

εi u′(qi )
=

ε j u(q j ) − qi + xi j ω

εi u(qi ) − q j − xi j ω
. (11)

In order to characterize the terms of trade as given by (10) and (11), note first that if neither
i nor j is constrained by their money holdings, thenqi = q∗

i andq j = q∗

j , whereq∗

k satisfy
εku′(q∗

k ) = 1, k = i, j . In asymmetric meetings (εi 6= ε j ), if εi > ε j (εi < ε j ), there is a
transfer of money from agenti to agentj ( j to i ) and in symmetric meetings (εi = ε j ) no money
is exchanged. There is no need for compensation, and consequently, in symmetric meetings the

7. For a review of bargaining games with incomplete information, seeAusubeletal. (2002).
8. The Nash-pooling-mechanism is loosely related to the mechanism proposed inHarsanyi and Selten(1972).

Theirmechanism is also pooling and it maximizes the product of the surpluses of all player types, where the “bargaining”
weights depend on how likely a particular type is.
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terms of trade are the same as in the non-monetary equilibrium. Note also that in a monetary
equilibriumthere is some positive production and consumption in all meetings except when both
agents are recognized as lemon producers (εi = ε j = 0). In contrast, in the non-monetary
equilibrium, if one agent is recognized as a low-quality producer (eitherεi = 0 or ε j = 0), no
trade takes place. Finally, the terms of trade in the non-monetary equilibrium are simply obtained
by settingω = 0 in equation (11).

2.6. The role of money

The goal of this paper is to investigate how money affects the quality mix, the incentive to
produce high-quality goods and the incentive to acquire information. Money influences these
decisions by modifying the quantities produced and consumed in the bilateral meetings. In order
to see how they are affected when the real stock of moneymω changes, consider a meeting
between agentsi and j , where j is more likely to be a high-quality producer thani (εi > ε j ),
and assume thati is constrained by his money holdings.9 Even though both agents produce and
consumein equilibrium, call agenti the buyer because he spends money, and agentj the seller
because he receives money. From (10) and (11) we have∂qi

∂mω
> 0,

∂q j
∂mω

≤ 0, and
∂xi j
∂mω

= 1.
Thus,increasingmω increases the production of those agents who are believed to be more likely
to produce high-quality goods (the sellers) and decreases the production of those agents who
are believed to be more likely to produce lemons (the buyers). Then rational expectations imply
that increasing the real stock of moneymω promotes the production of high-quality goods and
reduces the production of lemons.

In order to disentangle the effects of money on agents’ behaviour, we define the
recognizability and the insurance effects of money.

The recognizability effect of money. In the monetary economy, sellers can ask to
be paid with money—an object of universally recognizable quality—instead of goods of
uncertain quality. This possibility reduces the use of real production as a means of financing
consumption. Crowding out of payments with real production by monetary payments is termed
therecognizability effectof money.

The insurance effect of money. In the monetary economy, buyers can finance their
consumption with money. This possibility disconnects what buyers can consume from how they
are perceived by their trading partners. In particular, this insurance allows low-quality producers
to consume even when they are recognized as lemon producers. In contrast, in a barter economy
recognized low-quality producers cannot consume because they cannot acquire consumption
goods. The presence of this “consumption” insurance in the monetary equilibrium is termed
the insurance effectof money.

The recognizability and the insurance effects are the main channels through which money
affects the quality mix, the incentive to produce high-quality goods, and the incentive to acquire
information. It is therefore important to verify that these effects are not simply artefacts of
the Nash-pooling-mechanism. We have investigated alternative mechanisms.10 One mechanism
we have looked at is a take-it-or-leave-it offer game with one-sided incomplete information
where agenti (the informed party) makes an offer to agentj . This game has the structure of
a signalling game as defined byCho and Kreps(1987). Other mechanisms we looked at are take-
it-or-leave-it offer games, where agentj (the uninformed party) makes the offer, and optimal

9. If agenti ’s constraint on money holdings is not binding, then∂qi
∂mω

= 0,
∂q j
∂mω

= 0, and
∂xi j
∂mω

< 0.
10. Our investigation of these mechanisms is available by request.
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mechanisms designed by the uniformed party. In all these trading mechanisms we again find the
recognizabilityand the insurance effects of money.

3. MONEY AND THE QUALITY MIX

In this section we investigate how money affects the quality mix and we define the monetary
equilibrium. In order to abstract from non-tractable distributional issues of money holdings
that arise in random matching models of fully divisible money, we assume that each agent
is a member of a large household along the lines ofShi (1997).11 Each household consists
of a continuum of members of measure one who pool their money holdings and regard the
household’s utility as the common objective. This pooling assumption allows us to analyse the
effect of private information on the formation of the terms of trades and on the incentive to
produce high-quality goods within a representative household framework.

We consider symmetric equilibria only, where all households consume and produce the
same quantities. In the following we refer to an arbitrary household as householdh. Decision
variables of this household are denoted by lowercase letters. Capital letters denote other
households’ variables, which are taken as given by the representative householdh. Because we
will only consider steady-state equilibria where all real variables are constant, we most often
omit the time index. Nevertheless because in a steady state nominal variables are not necessarily
constant, the index+1 refers to a variable at the following period, and the index−1 to the
variable at the previous period.

The chronology of events within a period is as follows. First, the money stock is divided
evenly among theex anteidentical household members, which implies that each member holdsm
units of money when matched.12 Second, the household members leave the household to search
for trading partners. Prior to the matching stage, an exogenously given fraction5 < 1 of all
household members receives a technology shock that enables them to produce high-quality goods
only.13 Members who receive no shock can produce low-quality goods only. Third, household
membersare matched and carry out their exchanges according to the Nash-pooling-mechanism
described by (9). Within a period, a member of the household cannot transfer money balances
to another member of the same household. After trading, members bring back their receipts of
money, and each agent consumes the goods he has acquired. At the end of a period, the household
receives a lump-sum money transferτ , which can be negative, and then carries the stockm+1 to
t + 1.

The quantity of money in the economy is assumed to grow at the gross growth rateγ . We
restrictγ to be larger than the discount factorβ. The (indirect) marginal utility of money is
ω = βV ′

+1(m+1), whereV(m) is the steady-state lifetime discounted utility of the representative
household holdingm units of money in the current period.

11. The large household assumption, extending a similar one inLucas(1990), makes the distribution of money
holdingsdegenerate across households and so allows for a tractable analysis of money growth and inflation; seeShi
(1997,1999,2001).Lagos and Wright(2002) adopt a different assumption to make the money distribution degenerate
andBerentsen and Rocheteau(2002) relates Shi’s fully divisible money model to earlier indivisible money search models.

12. We impose this assumption to avoid issues related to signalling through money holdings because this would
create an additional complexity that goes beyond the scope of this paper. In a similar spirit, inWilliamson and Wright
(1994) producers are constrained not to hold money which also prevents this form of signalling. For a search model
wheremoney holdings have a signalling role, seeOkumura(2001).

13. A monetary equilibrium with5 = 1 does not exist. There is no need for money in an economy where nobody
cheats because in each meeting there is a double coincidence of real wants. Note that inTrejos(1999) andWilliamson and
Wright (1994), in contrast to our paper, if all agents produce high quality a monetary equilibrium exists. InTrejos(1999),
this is so because there are also single coincidence meetings. InWilliamson and Wright(1994), there is a monetary
equilibriumwhere sellers are indifferent between trading and not trading the good for money.
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3.1. Value function and the marginal value of money

Accordingto equation (9) the terms of trade do not depend on the identities of the players but
only on the prior beliefsε = (εi , ε j ) in a match. In order to emphasize this dependence we define
in the following(qb

ε , qs
ε , xε) the terms of trade in a match where the prior beliefs areε = (εi , ε j ).

The quantity consumed by agenti is qb
ε , qs

ε is the quantity consumed by playerj , andxε is the
transfer of money. The lifetime utility of a household holdingm units of money is given by the
following Bellman equation:

V(m) = π
∑

ε∈E
[εi u(qb

ε ) − qs
ε ] fH (ε j ) f (εi )

+ (1 − π)
∑

ε∈E
εi u(qb

ε ) fL(ε j ) f (εi ) + βV+1(m+1), (12)

where the law of motion for money holdings is given by

m+1 − m = τ − π
∑

ε∈E
xε fH (ε j ) f (εi ) − (1 − π)

∑
ε∈E

xε fL(ε j ) f (εi ). (13)

The first sum in equation (12) aggregates the net expected utilities of all high-quality members
in all meetings and the second sum the net expected utilities of all low-quality members.
Equation (13) specifies the law of motion of the household’s money balances. The first term on
theR.H.S. is the amount of the lump-sum transfer which the household receives each period. The
second and third terms are the net amounts of money that high-quality and low-quality producers
receive in each period.

In order to derive the marginal value money we need to determine the terms of trade in
out-of-equilibrium matches, where one agent holds a different amount of money than what is
assumed in (9). Our approach here is to design a simple incentive-feasible trading mechanism that
makes money as valuable as possible under the Friedman rule. In particular, with this mechanism,
money will be sufficiently valued to allow agents to trade the socially efficient quantities in
matches where one agent is recognized as a high-quality producer and the other as a low-quality
producer. A simple way to achieve this result is to assume that agents holding a different amount
of money than the average levelM adjust their consumption so as to maximize their utility subject
to the constraint that their trading partner must receive the same expected surplus as in (9).14

This assumption gives agents full bargaining power on their marginal unit of money. The fact
thatwe do not allow agents to adjust their production gives high and low-quality producers the
same incentives so that the trading mechanism is also pooling in out-of-equilibrium matches. Let
m 6= M be the level of money holdings of the deviating household. For these out-of-equilibrium
matches the terms of trade(qb

ε , qs
ε , xε) maximize (12) subject to the constraintsqs

ε = Qs
ε and

ε j u(qs
ε ) − qb

ε + xε� ≥ ε j u(Qs
ε) − Qb

ε + Xε�, −M ≤ xε ≤ m, (14)

where capital letters refer to equilibrium variables. First, as for the equilibrium outcome, the
outcomein an out-of-equilibrium match is pooling. Second, the expected surplus of the non-
deviating agent must be equal to the expected surplus in an equilibrium match. Third, the
monetary transfer is constrained by the level of money holdings of the matched agents.

From (14) we deduce the following. An agent in anε-matchholding one additional unit
of money can acquire� units of goods. The value of this additional consumption isεi u′(qb

ε )�.
From (12), (13) and (14) we obtain the following dynamic equation for the marginal value of

14. This feature of the model is also present inShi (1997,1999, 2001). A consequence of this assumption is that
under the Friedman rule agents are never constrained by their money holdings. This simplifies the analysis and allows us
to abstract from the hold-up problem that is generated byex postbargaining (seeBerentsen and Rocheteau,2001). This
assumption does not affect our results in an important way because we can replicate the effects of any alternative trading
mechanism that generates a hold-up problem by simply increasing the inflation rate.
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money:
ω−1

β
=

∑
ε∈E

max(εi u
′(qb

ε )�, ω) f (ε j ) f (εi ). (15)

The marginal value of money satisfies a standard asset pricing equation (15) which has the
following interpretation. For the household, the value of an additional unit of money received
at the end of the previous period isω−1. In the current period, this unit of money can be either
spent or saved. If it is saved, the value of this unit of money from the point of view of the previous
period is simplyβω. If it is spent in anε-meeting, the additional utility of consumption is
εi u′(qb

ε )�. An additional unit of money is spent if and only if the marginal utility of consumption
is larger than the marginal value of money,i.e. if εi u′(qb

ε )� > ω.

3.2. Equilibrium

In the following we focus on symmetric equilibria, where all households hold the same amount
of moneym = M , and on steady-state equilibria, where the quantitiesqb

ε andqs
ε , and the real

stock of moneymω are constant. Using the fact thatγ =
m

m−1
=

ω−1
ω

, the envelope condition
(15) satisfies

γ

β
=

∑
ε∈E

max[εi u
′(qb

ε ), 1] f (εi ) f (ε j ). (16)

Moreover, from (9), the terms of trade in a symmetric monetary equilibrium satisfy

(qb
ε , qs

ε , xε) = arg max[εi u(qb
ε ) − qs

ε − xεω][ε j u(qs
ε ) − qb

ε + xεω] (17)

s.t. −M ≤ xε ≤ M .

Definition1. A symmetric monetary steady-state equilibrium is aω > 0 and terms of
trades{(qb

ε , qs
ε , xε)}ε∈E that satisfy (16) and (17).

Notethat money is neutral in this model. However, it is not superneutral because changing
the gross growth rate of the money supplyγ affects the real value of money holdingsmω and
the terms of trade. Note also that the Friedman ruleγ → β maximizesmω when5 andθ are
given. Consequently, throughout the paper we will often compare the non-monetary equilibrium
with the monetary equilibrium under the Friedman rule because they are benchmark cases.15

3.3. The quality mix and welfare

This section investigates how money affects the quality mix of aggregate output. We abstract
from incentive considerations by taking the fraction5 of high-quality producers as constant and
exogenous. The quality mix is defined as the ratio of high-quality output to total output:

φ =
5
∑

ε∈E qs
ε f (εi ) fH (ε j )∑

ε∈E qs
ε f (εi ) f (ε j )

. (18)

We interpret an increase inφ asa reduction of the adverse selection problem.
Increasing the level of information (i.e.θ) has two effects on the quality mix: first, there

is a direct effect because it changes the distribution of the types of meetings. Second, there is
an indirect effect because a change inθ modifies the real value of money holdings. The direct
effect is strictly positive: more information generates more matches where the producers are

15. At γ = β thereexists a continuum of stationary monetary equilibria with identical terms of trade, which only
differ in their stationary value ofmω. By considering the limit whenγ → β, we select the unique value ofmω that is
just sufficient to buy the efficient quantityq∗ (seeBerentsen and Rocheteau,2001). Note that throughout the paper when
werefer to the monetary equilibrium under the Friedman rule we refer to the equilibrium that is attained whenγ → β.
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Information and the quality mix

recognized, which reduces the production of lemons and increases the production of high-quality
goods.The sign of the indirect effect depends on whether an increase in the level of information
increases the real value of money or not. If it does, it has a strictly positive impact onφ, too.

Figure 1displays the fraction of high-quality outputφ asa function ofθ for the Friedman
rule (1% deflation), for price stability, for 5 and 10% inflation, and for the barter economy when
5 = 0·1.16 A robust feature of all our simulations is that the ratioφ is increasing inθ for
any value of5 and for any inflation rate. Thus, as expected, if the information problem gets
more severe, the quality mix deteriorates. Note that ifθ = 0, φ = 5: if no information is
available, all meetings are of typeε = (5, 5) and the traders exchange the same quantities.
Consequently, the ratio of high-quality output to total output is5. In contrast, ifθ = 1, φ = 1:
when lemon producers are recognized with certainty, only high-quality goods will be produced,
and consequently the ratio of high-quality output to total output is 1.17 Finally, from Figure 1
one can see that lowering inflation improves the quality mixφ. Thus, fighting inflation reduces
the adverse selection problem.

Figure 2displays welfare (a household’s lifetime utility) as a function ofθ for various rates
of inflation when5 = 0·1. If the rate of inflation is not too high, welfare is strictly increasing
in the level of informationθ . In contrast, in the barter economy, ifα is not too large, welfare is
decreasing inθ . This can be explained by the fact that under a strictly concave utility function
households care about the frequency of trades. As a consequence, welfare can be higher when the
information problem is very severe because agents trade frequently even though the quantities
exchanged are small.18 Finally, for any value ofθ , the Friedman rule maximizes welfare. Note
also that under the Friedman rule, whenθ approaches 1, the economy attains the first best: in

16. For this and all following simulations we have used the iso-elastic utility functionu(q) = α−1qα .
17. The envelope condition (16) implies that ifθ = 0,mω = 0. If all agents are uninformed, traders are in the same

position when they bargain, and they need no money to compensate each other. In contrast, ifθ = 1, agents recognize
each other in each match, and consequentlyεi = 0 with probability 1−5 andεi = 1 with probability5. There are now
asymmetric meetings where agents differ by their willingness to trade.

18. If households are not eager to smooth consumption across their members or across time (ifα is large), welfare
in the barter equilibrium can be increasing inθ .
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Inflation and welfare

each match with a high-quality producer, the high-quality producer tradesq∗ eitherfor money or
for q∗ units of another high-quality good.

In summary, there are two ways to increase the quality mixφ: by increasing information for
some given inflation rate, which corresponds to a movement along one of the curves inFigure 1,
or by decreasing inflation for some given information level, which corresponds to a movement
across the curves inFigure 1. Thus, money and information aresubstitutesin the sense that both
improve the quality mix.

4. MONEY AND MORAL HAZARD

In the previous section we showed that an increase in the real value of money improves the
quality mix and welfare when the fraction of high-quality producers is exogenous. In this section
we investigate how the presence of valued money affects households’ incentives to produce high-
quality goods. For this purpose, we consider the two following polar cases that are analytically
tractable. Either money is not valued (ω= 0) or money is valued and the Friedman rule (γ→ β)
is implemented. As in the previous section, the Friedman rule allows agents to trade the efficient
quantityq∗ in all matches. Under this rule, the real value of money is

mω =
u(q∗) + q∗

2
, (19)

whereq∗ satisfiesu′(q∗) = 1.
We make the following experiment. We consider an arbitrary period where all households

hold the same amount of money and allow each household to choose the fraction of its members
that are producing high-quality goods. As in the previous section, the fraction of high-quality
producers in the subsequent periods is assumed to be exogenous. This one-time choice allows us
to disentangle the effect of valued money on the incentive to produce high-quality goods from
the effect of5 on the value of money as emphasized in the previous section.19

19. For the non-monetary economy, the fact that household’s choice forπ is not repeated is irrelevant: the
programme of the household is a succession of static programmes. For the monetary economy, money holdings could
potentially reflect households’ past decisions. Investigating a non-repeated choice allows us to ignore reputation issues.
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Interestingly, under the Friedman rule the real value of money given in (19) is independent
from the fraction of high-quality producers in subsequent periods,i.e.under the Friedman rule the
choice ofπ depends on the value of money but the opposite is not true. This can be explained by
the fact that under the Friedman rule agents trade efficient quantities in all matches, in particular
in those matches where the asymmetry between the agents is maximal,i.e. in matches where
one agent is recognized as a low-quality producer and the other as a high-quality producer. This
property allows us to identify the effect of valued money on the incentive to produce high-quality
goods. For this section,π denotes the choice of the representative household and5 denotes the
average choice of all households in the period under consideration.

As before we assume that members, after having left the household, receive a technology
shock with probabilityπ that enables them to produce high-quality goods for one period. They
cannot produce another quality than the one determined by the shock. When the households
chooseπ they do not know the identities of their members who will be high-quality producers
in the market. In such an environment, the households treat their members symmetrically and
distribute their money holdings evenly across their members. In summary, when choosingπ the
household faces a simple trade-off between the gains from producing goods at no cost when
the household members are not recognized and the losses when the household members are
recognized.

4.1. The programme of the household

When the representative householdh chooses the fraction of its members that are high-quality
producers,π , it takes the average decision of other households,5, as given. Ifi is a high-quality
producer, the prior belief of his partner about the quality of the good he produces is drawn from
the distribution fH (ε j ), and if i is a lemon producer, it is drawn from the distributionfL(ε j ).
Note that these two distributions depend on5 only because the choice ofπ by a household is
assumed to be private information.

The derivativeD of the R.H.S. of (12) with respect toπ equals

D(5) =

∑
ε∈E

[εi u(qb
ε ) − qs

ε − xεω] f (εi ) fH (ε j )

−

∑
ε∈E

[εi u(qb
ε ) − xεω] f (εi ) fL(ε j ). (20)

Equation (20) is the difference between the expected surpluses of a high-quality producer and
low-quality producer. The optimal choice ofπ by the household satisfies

π = 1 if D(5) > 0
π = 0 if D(5) < 0
π ∈ [0,1] otherwise.

(21)

4.2. Symmetric equilibrium

We look for symmetric Nash equilibria where all households choose the same fraction of high-
quality producers. The value(s) of5 that sustain a symmetric Nash equilibrium are defined as
follows:

5 = 1 if D(1) ≥ 0
5 = 0 if D(0) ≤ 0
D(5) = 0 otherwise.

(22)

In the following we call an equilibrium with a positive production of high-quality goods,i.e.
5 > 0, anactiveequilibrium. An active equilibrium can be either a non-monetary or a monetary
equilibrium.
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Definition2. An active equilibrium is a{(qb
ε , qs

ε , xε)}ε∈E satisfying(17) and a5 > 0
satisfying (22). The equilibrium is monetary ifω satisfies(19).

Proposition1 characterizes the non-monetary equilibrium and the monetary equilibrium
underthe Friedman ruleγ → β.

Proposition 1. Assume that the fraction of high-quality producers,5, is endogenous.
Then the following is true:

(i) If θ = 0, the unique equilibrium is non-active.
(ii) For all θ > 0, a non-active and an active non-monetary equilibrium exist. An active non-

monetary equilibrium with5 = 1 exists iffθ ≥ θB ≡
q∗

u(q∗)
< 1.

(iii) Under the Friedman ruleγ → β, there exists a unique active monetary equilibrium
iff θ > 0. The fraction of high-quality producers is strictly increasing inθ for all
0 < θ < θM ≡

2q∗

u(q∗)+q∗ < 1 . If θ > θM , then5 = 1.

Proof. See Appendix. ‖

Accordingto Proposition1, if agents receive no information prior to the bargaining (θ= 0),
thereis no active equilibrium. This is the standard lemon problem: with no information, the
market collapses. Moreover, for allθ > 0 there is a non-active non-monetary equilibrium:
if a household expects all other households to produce lemons, a best response is to choose
π = 0. Consequently, for a deviating high-quality producer the probability of finding another
high-quality producer is zero.20

For all θ > 0 there is an active non-monetary equilibrium. Moreover, if the fraction of
informed agents is sufficiently large (θ≥ θB), an active non-monetary equilibrium exists where
all agents produce high-quality goods (5= 1). Under the Friedman rule there exists a unique
active monetary equilibrium whenθ > 0. Finally, in the monetary equilibrium, the fraction of
high-quality producers is increasing in the level of informationθ if θ ∈ (0, θM ).21

Proposition2 below ranks the non-monetary and monetary equilibria with respect to the
endogenousfraction of high-quality producers in the market.

Proposition 2. Assumeγ → β. Then, if θ is close to 0, the fraction of high-quality
producers is larger in the monetary equilibrium than in any non-monetary equilibrium. If
θ ∈ (θB, θM ), it is lower in the monetary equilibrium than in the non-monetary equilibrium.

Proof. See Appendix. ‖

According to Proposition2, money has ambiguous effects on the incentives to produce
lemons.If the problem of information is severe (θis close to 0), the fraction of high-quality
producers is larger in a monetary economy. Thus, if information is scarce, valued fiat money
disciplines producers. In contrast, if the information problem is not severe (θ∈ (θB, θM )),
then there is a unique active non-monetary equilibrium where everyone produces high quality,

20. Whenθ > 0, non-active barter equilibria are unstable in the following sense: If a household anticipates that a
small fraction of agents in the market will produce high quality, its best response is to setπ = 1.

21. In Williamson and Wright(1994) andTrejos (1999), an increase in information sometimes decreases the
fractionof high-quality producers.
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and there is a unique monetary equilibrium where only a fraction of producers produce high-
quality goods. Consequently, ifθ ∈ (θB, θM ), money can be valued even though it enhances
agents’ opportunistic behaviour.

In Figure 3we plot the endogenous fraction of high-quality producers in the non-monetary
5B andin the monetary economy under the Friedman rule5M for the iso-elastic utility function
u(q) = α−1qα with 0 < α < 1. For this function we find the following closed form solutions
(see the Appendix for the derivation):

5B =

[
θ(1 − α)

(1 − θ)α

] (1−α)(1+α)
α

, if θ < θB ≡ α, and 5B = 1 if θ ≥ θB.

5M =

[
θ(1 − α)

2α(1 − θ)

]1−α

, if θ < θM ≡
2α

1 + α
, and 5M = 1 if θ ≥ θM .

Note that5M > 5B if θ < θ ≡
α

2α(1−α)+α
, and5M < 5B if θ ∈ (θ, θM ).

The grey curve labelled5B represents the fraction of high-quality producers in the non-
monetary economy, and the solid black curve labelled5M the fraction of high-quality producers
in the monetary economy under the Friedman rule. Both curves are strictly increasing in the level
of informationθ until they eventually hit the upper bound5 = 1. Moreover, there is a threshold
θ suchthat if θ < θ , money increases the incentive to produce high quality, whereas ifθ > θ ,
it increases the incentive to cheat. The thresholdθ is increasing inα. Thus, money is a less
effective device to alleviate the moral hazard problem in an economy, where households have a
high aversion to inequalities across members because the desire to smooth consumption across
members already disciplines households. Finally, note that the active non-monetary equilibrium
whenu(q) = α−1qα is unique—something we were not able to show in Proposition1.

Finally, if the fraction of high-quality producers is chosen in each period (instead of the
one-time choice considered above), then under the Friedman rule a monetary equilibrium cannot
exist if θ ≥ θM . The reason for this is that whenθ ≥ θM , then all households choose5 = 1,
which implies that all meetings are symmetric double-coincidence meetings. In such meetings
there is no need for a medium of exchange. Consequently, money has no value in an equilibrium
where nobody cheats.
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4.3. Moral hazard

The key result in the previous subsection is that the fraction of high-quality producers can be
smaller in the monetary equilibrium. In this subsection we show that this is so because the
recognizability effect of moneyand theinsurance effect of moneyhave countervailing implications
for a household’s incentive to cheat.

The recognizability effect. The recognizability effect of money raises an agent’s
incentive to be a high-quality producer. In the monetary economy, when a high-quality producer
does not recognize his trading partner, he can ask to be paid with money instead of being
paid with a good of uncertain quality. In contrast, in the non-monetary economy high-
quality producers are always paid with commodities of uncertain quality. Accordingly, the
recognizability effect of money improves the gains from trade for high-quality producers, which
induces households to choose a larger fraction of high-quality producers.

The insurance effect. In contrast to the recognizability effect, the insurance effect of
money raises agents’ incentive to engage in opportunistic behaviour because it allows low-quality
producers to consume even when they are recognized as lemon producers. This consumption
insurance induces households to choose a riskier behaviour by increasing the fraction of low-
quality producers compared to their choices in the non-monetary equilibrium.

Which effect dominates depends on the severity of the information problemθ . When
θ is low, the recognizability effect dominates and the fraction of high-quality producers is
larger in the monetary equilibrium than in the non-monetary equilibrium. With an increasing
level of information, the recognizability effect fades away, and eventually the insurance effect
dominates the recognizability effect, which results in a larger fraction of high-quality producers
in the non-monetary equilibrium than in the monetary equilibrium for intermediate values ofθ .
Consequently, the insurance effect of money exacerbates the moral hazard problem.22

In order to isolate the positive effect of money on the incentive to produce high quality, we
eliminatethe insurance effect by analysing the following trading restriction: household members
cannot trade if they discover that their partner is a low-quality producer. In the Appendix we
show that under this rule, money unambiguously increases the fraction of high-quality producers
(see also the dotted curve labelled5R in Figure 3). Consequently, it is the insurance effect of
money that is responsible for the fact that the fraction of lemon producers can be larger in the
monetary equilibrium than in the non-monetary equilibrium.

4.4. Discussion

In this subsection we discuss the robustness of our main results. In particular, we address the
question of how much our results depend on the particular pricing mechanism we have used.
The only assumption we are going to use is the following one. In a match where two agents
who hold the same amount of money recognize each other as high-quality producers they both
consume and produce the quantityq∗ that satisfiesu′(q∗) = 1. With complete information,
the trade(q∗, q∗) is the only trade that is independent on the identity of the players and that is
renegotiation proof (i.e.is on the Pareto frontier of the bargaining set).

22. It is interesting to relate the previous results with those obtained inWilliamson and Wright(1994). In their
framework money does not generate a negative moral hazard effect because agents who produce do not hold money,
or reciprocally money holders cannot produce. As a consequence, money does not provide insurance services as in our
model.
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We first discuss the result that the presence of money reduces the incentives to cheat
when θ is close to 0. Ifθ is close to 0,5 is also close to 0.23 Consequently, in the non-
monetaryequilibrium, agents trade small quantities in all matches except in those matches
where both agents recognize each other as high-quality producers where the trade is(q∗, q∗).
For a household, the fraction of members that produce and consumeq∗ is π5θ2. In contrast,
in the monetary equilibrium under the Friedman rule, agents tradeq∗ if one or both agents
are recognized as high-quality producers. Therefore, in all meetings in which the high-quality
producers of the household are recognized they can trade. There is a fractionπθ � π5θ2

of such meetings. This explains why there is a higher incentive to produce high quality in the
presence of money when the information problem is severe.

The second result we discuss is that the fraction of high-quality producers can be lower
in the monetary equilibrium than in the non-monetary equilibrium. Consider a non-monetary
equilibrium where5 = 1. For the householdπ = 1 is a best response against5 = 1 if and only
if

(1 − θ)u(q∗) ≤ u(q∗) − q∗, (23)

where the L.H.S. is the expected utility of a lemon producer and the R.H.S. is the expected
utility of a high-quality producer. As a consequence, a symmetric non-monetary equilibrium
with π = 5 = 1 exists if and only ifθ ≥ θB ≡

q∗

u(q∗)
.

Considernext a monetary equilibrium where the fraction of high-quality producers5 is
very close to 1. LetS1,0 denote the surplus of a recognized low-quality producer who trades
with a recognized high-quality producer. In a monetary equilibrium with5 < 1 the pay-off of a
high-quality and a low-quality producer must be equal. For5 = 1, this indifference relation is

(1 − θ)u(q∗) + θS1,0 = u(q∗) − q∗. (24)

Denoteθ1 thevalue ofθ that satisfies (24). This value is the level of information that is consistent
with a monetary equilibrium when5 = 1. Then, inequality (23) and the indifference relation
(24) imply that if S1,0 > 0, thenθ1 > θB. Thus, there are values for the level of information
such that a monetary equilibrium with5M < 1 coexists with a non-monetary equilibrium where
everybody is a high-quality producer (5B = 1). Note that the argument is true for any rate of
inflation even though the inflation rate will reduce the insurance effect by lowering the value of
money and thusS1,0.

One related way to explain the coexistence of a non-monetary equilibrium in which all
agents are high-quality producers and a monetary equilibrium in which a fraction of agents are
low-quality producers, when the problem of information is not severe, is as follows. Consider
a barter economy, where all agents produce high quality becauseθ = θB. In this situation,
introduce fiat money and assume that it is valued. The presence of this valued asset increases the
incentive to cheat because of the consumption insurance it provides. But if some agents begin to
produce low-quality goods, some asymmetric matches will occur and fiat money will be indeed
valued. Thus, fiat money may create the heterogeneity among producers that is necessary to
sustain itself as a medium of exchange.

5. INFORMATION ACQUISITION

This section analyses how money affects agents’ incentives to acquire information. In particular,
we would like to know whether money saves information costs as emphasized byBrunner and

23. This is true for any pricing mechanism which is continuous inθ : if θ = 0 it does not pay to produce high-
quality goods because nobody is able to recognize it. Hence,5 = 0. By continuity, ifθ is close to zero,5 must be close
to zero, too.
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Meltzer (1971). The intuition for this argument is that in a barter economy sellers must spend
resourcesto assess the quality of goods offered to them in exchange. If they are paid with money
instead, a good of recognizable quality, they can save this cost. It is often argued that this cost
saving is one of the main welfare gains that money provides to society. To evaluate the validity
of this argument, we will first treat the fraction of high-quality producers as exogenous. Later on
we relax this assumption.

Following Kim (1996), we introduce information acquisition by assuming that each

householdinvests into an inspection technology at costC(θ) = Aθ2

2 .24 This technology, which
is equally shared by all household members, allows each member to recognize the quality of a
fractionθ of the goods produced in the economy. The parameterA > 0 measures the extent of
the information problem. As in the previous section, we investigate a non-repeated choice. In the
initial period, each household chooses the inspection technologyθ . In the subsequent periods,
the inspection technology and hence the level of information in the economy is exogenous. For
this section, therefore,θ denotes the choice of the representative household and2 denotes the
average choice of all households in the period under consideration.

The choice ofθ affects how the members of a household assess the quality of goods
produced by their trading partners in the current period. By increasingθ , the household reduces
the fraction of the meetings where its members are uninformed. Consider memberi , and denote
by f (εi , θ) the probability fori to be matched with someone he will assess according to the prior
belief εi . We have

f (0, θ) = θ(1 − 5), f (5, θ) = 1 − θ, f (1, θ) = θ5.

Denote byfθ (εi , θ) the partial derivative off (εi , θ) with respect toθ . Note that
∑

εi
fθ (εi , θ) =

0 and that the beliefs ofi ’s trading partners depend only on their own information level2.
Accordingly, we denote byfL(ε j ; 2) and fH (ε j ; 2) the conditional distributions of the beliefs
of i ’s partners.

5.1. Money and information: substitutes or complements?

In this subsection we assume that the fraction of high-quality producers is exogenous and equal
to 5. At the beginning of each period, each agent receives a technological shock that determines
whether he can produce high-quality goods (with probability5) or low-quality goods (with
probability 1− 5). This shock is private information. Each household chooses its information
θ by taking the choice of other households2 as given. The programme of the household can be
written as follows:

maxθ
{
5
∑

ε∈E
[εi u(qb

ε ) − qs
ε ] f (εi ; θ) fH (ε j ; 2)

+(1 − 5)
∑

ε∈E
εi u(qb

ε ) f (εi ; θ) fL(ε j ; 2) − C(θ) + βV+1(m+1)
}

(25)

s.t.m+1 − m = τ − 5
∑

ε∈E
xε f (εi ; θ) fH (ε j ; 2)

−(1 − 5)
∑

ε∈E
xε f (εi ; θ) fL(ε j ; 2).

Let I(θ, 2) denote the derivative of the R.H.S. of (25) with respect toθ .

I(θ, 2) = 5
∑

ε∈E
[εi u(qb

ε ) − qs
ε − xεω] fθ (εi ; θ) fH (ε j ; 2)

+ (1 − 5)
∑

ε∈E
[εi u(qb

ε ) − xεω] fθ (εi ; θ) fL(ε j ; 2) − C′(θ). (26)

24. InKim (1996) low-quality producers, high-quality producers, and money holders differ in their investments in
theinspection technology.
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Note thatI(θ, 2) is a decreasing function ofθ . Accordingly, householdh’s optimal choice of
information is uniquely determined by

θ = 1 if I(1, 2) > 0
θ = 0 if I(0, 2) < 0
I(θ, 2) = 0 otherwise.

(27)

We consider symmetric Nash equilibria where all households choose the same information level:
θ = 2. The value(s) of5 that sustain a symmetric Nash equilibrium are defined as follows:

2 = 1 if I(1,1) ≥ 0
2 = 0 if I(0,0) ≤ 0
I(2, 2) = 0 otherwise.

(28)

As in the previous section, we investigate the two following polar cases. Either money is not
valued (ω= 0) or money is valued and the Friedman rule is implemented (i.e.γ → β).

Definition3. An active equilibrium is a{(qb
ε , qs

ε , xε)}ε∈E satisfying (17) and a2

satisfying(28). The equilibrium is monetary ifω satisfies(19).

Proposition3 compares the investments in information in the non-monetary equilibrium and
themonetary equilibrium under the Friedman rule when the fraction of high-quality producers,
5, is exogenous.

Proposition 3. Assume that the fraction of high-quality producers,5, is exogenous and

that u(q) = α−1qα and C(θ) = Aθ2

2 . Then, if5 is positive but sufficiently small, investment
in information is higher in any monetary equilibrium under the Friedman rule than in the non-
monetary equilibrium.

Proof. See Appendix. ‖

Even though Proposition3 does not provide a general ranking of the level of information in
thebarter economy and in the monetary economy, it shows that for low values of5 households
acquire more information in the monetary equilibrium. Thus, if the average quality in the market
is low, the presence of money gives higher incentives to be informed.

Figure 4illustrates the previous proposition forA = 0·1 andα = 0·5 (left graph) and
α = 0·9 (right graph), respectively. The dotted curves represent the equilibrium values ofθ as
functions of5 in the non-monetary equilibrium and the black curves in the monetary equilibrium
under the Friedman rule. The left graph shows that ifα is not too large (α= 0·5), the level of
information is larger in the monetary equilibrium for all5 ∈ (0,1). In contrast, as shown in the
right graph, ifα is large (α= 0·9), then for large5 households invest more in the non-monetary
equilibrium than in the monetary equilibrium under the Friedman rule.

In order to improve our understanding of the role of money on the incentive to acquire
information, we again look how therecognizability effectand theinsurance effectof money
affect the decision to acquire information.

The recognizability effect. Consider a high-quality producer (the seller) who is matched
with a low-quality producer (the buyer). In the non-monetary equilibrium, for the seller the
gain from being informed is the disutility he saves by not producing. In contrast, in the
monetary economy the gain is the additional amount of money he receives. Whether the gain
from being informed in the monetary equilibrium is larger than the gain in the non-monetary
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Investment in information

equilibrium depends on the specification of the utility function. If households are eager to smooth
consumptionacross their members or across time (ifα is small), the additional units of money
received in the monetary economy are more valuable than the saved production cost in the
barter economy. The opposite is true if the intertemporal elasticity of substitution is large (if
α is large). The dependence of this effect on the parameterα leads to the ambiguity of the
results.

The insurance effect. The “insurance to consume” provides higher incentives to identify
the quality of goods. To see this, consider arecognizedlow-quality producer. In the non-monetary
equilibrium, he has no benefit of being informed because he cannot trade, and accordingly
information is useless to him. In contrast, in the monetary equilibrium information reduces this
probability and is therefore valuable.

5.2. Discussion

If we consider the proof of Proposition3, we can see that it is largely independent on the choice of
thepricing mechanism. Consider first the non-monetary equilibrium. If5 is small, agents trade
very small quantities in all matches except in those matches where both players are recognized
as high-quality producers in which case each trader produces and consumesq∗. For an agent,
the probability to be in such a valuable match isθ 252. Consider next the monetary economy.
Now agents will be able to exploit significant gains from trade in each match where one of the
two players is recognized as a high-quality producer because they can exchange high-quality
goods for money. For an agent, the probability to be in such a valuable match isθ5. Because5
is infinitely larger than52 when5 is close to 0, the incentive to invest in information is much
greater in the monetary equilibrium if the average quality in the market is low. Note that the
previous argument relies more on theinsurance effectof money whereasBrunner and Meltzer
(1971) emphasizes therecognizability effectof money.

5.3. Choosing5 and2

In this subsection, we assume that both5 and 2 are endogenous. Each household chooses
simultaneously its fraction of high-quality producers and its investment in information taking
the choice of other households as given. The aim is to show how the moral hazard problem and
the choice of information acquisition can complement each other in order to explain the welfare
gains of money.
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Lemma 1. In a symmetric equilibrium, households never invest in a perfect information
technology(2 < 1), and there is always a positive fraction of low-quality producers(5 < 1).

Proof. See Appendix. ‖

If all agents produce high-quality goods, there is no reason to acquire information; hence,
households choose to be uninformed. But if everyone is uninformed, nobody is producing high-
quality goods.

Proposition 4. Assume that5 and 2 are endogenous, and that u(q) = α−1qα and

C(θ) = Aθ2

2 . Then, if A> A ≡ (1 − α)
1

α2 (1 + α)
1

α2 −1
, no active non-monetary equilibrium

exists whereas, under the Friedman rule, there exists a unique active monetary equilibrium for
all values of A.

Proof. See Appendix. ‖

Proposition4 clarifies why money can be welfare improving in the presence of a private
informationproblem. If the information problem is sufficiently severe (A > A), there is no active
non-monetary equilibrium, whereas a unique active monetary equilibrium exists. This illustrates
the strong spillover between the incentive to produce high quality and the information choice in
the monetary equilibrium. If the information problem is severe, money mitigates the incentive to
cheat and gives higher incentives to acquire information.

If A < A, a non-monetary equilibrium can exist but there is no general result on how welfare
is ranked across the non-monetary and the monetary equilibria. However, our simulations suggest
that for most parameter values welfare, the fraction of high-quality producers, and the level of
information are higher in the monetary equilibrium under the Friedman rule than in all potential
non-monetary equilibria. Nonetheless, this result can be reversed for large values ofα and small
values ofA.

6. CONCLUSION

We have investigated the role of fiat money in environments in which producers have private
information about the quality of the goods they supply. In such environments, three issues are at
the centre stage: adverse selection, moral hazard, and the incentive to acquire costly information.
In order to discuss these issues, we have first studied how money modifies the quantities produced
and exchanged in bilateral meetings. We have identified two effects of money on these quantities.
Therecognizability effectof money states that money crowds out real goods payments. The origin
of this effect is that agents prefer to be paid with money—an object of universally recognized
quality—rather than with goods of uncertain quality, and this desire gives rise to an endogenous
role for money. It is this reduction of uncertainty, that, at least sinceMenger(1892), has been
consideredto be an important advantage of monetary exchange over barter. Theinsurance effect
of money states that money promotes consumption by disconnecting the quantities that agents
can buy from how they are assessed by their trading partners. In particular, this insurance allows
agents to consume even when they are recognized as low-quality producers.

Our model supports the notion that money is a device for overcoming the adverse selection
problem. When the fraction of high-quality producers and the level of information are exogenous,
money promotes the production of high-quality goods and reduces the production of lemons,
which increases welfare unambiguously. In contrast, when the fraction of high-quality producers
is endogenous, money can be welfare-decreasing because of theinsurance effectof money.



BERENTSEN & ROCHETEAU MONEY AND INFORMATION 937

This effect increases the benefit of being a lemon producer because money enables recognized
low-quality producers to consume, something that would never happen in a non-monetary
equilibrium since no agent wants to produce in exchange for a lemon. If the information problem
is not severe, the insurance effect dominates the recognizability effect, and consequently the
fraction of high-quality producers and welfare are lower in the monetary economy.

Our model also suggests that money and investments in information are complements:
the endogenous level of information and welfare are larger in the monetary economy if the
intertemporal elasticity of substitution is sufficiently small. The intuition for this result is that
money increases the return on information by providing consumption insurance, which induces
agents to acquire more information than in the non-monetary equilibrium. Thus, contrary to
common beliefs, money does not always economize on information costs.

There are several extensions to this paper that are worth considering. First, it would be
interesting to introduce signalling into the model. Wealth (money holdings) could be modelled
as a signalling device. Costly advertising of product quality is another device. Second, money is
only one possible institution to overcome asymmetric information problems. Intermediaries and
middlemen are other institutions whose role is to alleviate those problems. Third, other assets
could be viewed as alternative to money. The role of credit in such an economy would be worth
studying. Fourth, throughout this paper we have assumed that money is an object whose quality
is identifiable by everybody. It would be interesting to see how robust our results are in a model
that allows for counterfeiting.

APPENDIX

A.1. Proof of Proposition1

The proof proceeds in six parts.

Part 1. For all θ ≥ 0, a non-active non-monetary equilibrium exists. If 5 = 0, an agent who is not recognized
is perceived as a low-quality producer. Accordingly, beliefs are either 0 or 1. In the barter economy, a trade takes place
between agentsi and j if and only if εi = ε j = 1. Thus, according to (20),

D(0) = [u(qb
1,1) − qs

1,1] fH (1) f (1)− u(qb
1,1) fL (1) f (1).

From (1), if 5 = 0, f (1) = 0. Therefore,D(0) = 0. Consequently, if5 = 0, the best response of any household is to
choose anyπ ∈ [0,1]. Thus,π = 5 = 0 is a fixed point of (22).

Part 2. If θ = 0, the unique equilibrium is non-active. According to (1), ifθ = 0, then f (5) = fH (5) =

fL (5) = 1 and f (1) = fH (1) = f (0) = fL (0) = 0. Hence, (20) can be rewritten as follows:

D(5) =

{
−qs

5,5 < 0 if 5 > 0
0 if 5 = 0.

Consequently, ifθ = 0, the unique symmetric Nash equilibrium is5 = 0.

Part 3. An active non-monetary equilibrium with 5 = 1 exists iff θ ≥ θB ≡
q∗

u(q∗)
. In the barter economy, if

one of the traders in a match is recognized as a low-quality producer (i.e.εi = 0 or ε j = 0), then no trade takes place

(i.e. qb
ε = qs

ε = 0 ). Hence, using (1), we can rewrite (20) as

D(5) = θ25[u(qb
1,1) − qs

1,1] + (1 − θ)θ [5u(qb
5,1) − qs

5,1]

− θ5(1 − θ)qs
1,5 − (1 − θ)2qs

5,5. (A.1)

An equilibrium where all traders are high-quality producers(5 = 1) exists if and only ifD(1) ≥ 0. Using the fact that

qb
1,1 = qs

1,1 = q∗, this condition yieldsθ ≥ θB ≡
q∗

u(q∗)
. Note thatθB < 1.
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Part 4. For all θ ∈ (0,θB), an active non-monetary equilibrium with 5 < 1 exists. We first establish the
following result:

limx→0

u′−1
(

1
x

)
x

= 0.

From the strict concavity of the utility function and the fact thatu(0) = 0, we haveu(x)
x > u′(x), ∀x > 0. Because

u′−1(·) is a decreasing function, we have

u′−1
(u(x)

x

)
< x, ∀x > 0. (A.2)

Multiplying each side of the inequality (A.2) byu(x)
x , we obtain

u(x)

x
u′−1

(u(x)

x

)
< u(x), ∀x > 0. (A.3)

Defineϕ(x) ≡
x

u(x)
. We haveϕ′(x) > 0 for all x > 0 and limx→0 ϕ(x) ≤ limx→0

1
u′(x)

= 0. Inequality (A.3) can be

rewritten as follows:
1

ϕ(x)
u′−1

( 1

ϕ(x)

)
< u(x) ∀x > 0.

Taking the limit whenx approaches 0 and denotingX = ϕ(x) we have

limX→0
1

X
u′−1

( 1

X

)
= 0. (A.4)

From (10) and (11), qs
5,5 satisfies5u′(qs

5,5) = 1. Hence,qs
5,5 = u′−1

(
1
5

)
. From (A.4) we deduce that

lim5→0
qs
5,5

5
= 0. (A.5)

Sinceω = 0 in the non-monetary equilibrium, (11) implies

5u(qb
5,1) − qs

5,1 = 5u′(qb
5,1)[u(qs

5,1) − qb
5,1]. (A.6)

Consequently,D(5) given by (A.1) can be rewritten as

D(5) = 5

{
θ2

[u(qb
1,1) − qs

1,1] + (1 − θ)θu′(qb
5,1)[u(qs

5,1) − qb
5,1]

− θ(1 − θ)qs
1,5 − (1 − θ)2

qs
5,5

5

}
.

The last two terms within the brackets tend to zero when5 approaches zero. The first term is strictly positive and
independent of5. The limit of the second term when5 approaches zero isa priori indeterminate. Consequently, in the
neighbourhood of5 = 0,D(5) can be approximated by

D(5) ' 5{θ2
[u(qb

1,1) − qs
1,1] + (1 − θ)θu′(qb

5,1)[u(qs
5,1) − qb

5,1]} > 0 ∀5 ∈ ]0, ξ]

whereξ is arbitrarily close to zero.
Furthermore, for allθ < θB,D(1) < 0. Consequently, sinceD(5) is continuous ifθ < θB, there is a5 ∈ ]0,1[

such thatD(5) = 0.

Part 5. Derivation of D(5) in the monetary equilibrium when γ → β. Let q∗
εi

denote the value ofq such that

εi u
′(q) = 1. Under the Friedman rule (γ→ β), agents in a(εi , ε j )-match produce and consumeq∗

εi
andq∗

ε j
such that

the total surplus of the match is maximized. We have

qb
1,1 = qs

1,1 = qb
1,0 = qs

0,1 = qb
1,5 = qs

5,1 = q∗

qb
5,1 = qs

1,5 = qs
5,5 = qb

5,5 = qb
5,0 = qs

0,5 = q∗
5

qb
0,0 = qs

0,0 = qb
0,1 = qs

1,0 = qb
0,5 = qs

5,0 = q∗
0 .

Moreover, whenγ → β, in each meeting agents use a monetary transfer in order to split the total surplus of the match
evenly. Hence,

εi u(qb
ε ) − qs

ε − xεω =

εi u(q∗
εi

) − q∗
εi

+ ε j u(q∗
ε j

) − q∗
ε j

2
. (A.7)
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Using the previous expression,D(5) canbe written as

D(5) = θ
(u(q∗) − q∗

2

)
− (1 − θ)q∗

5. (A.8)

Part 6. Monetary equilibrium under the Friedman rule. Note,first, that for allθ > 0, we haveD(0) > 0, and
thatD(5) is strictly decreasing in5. Consequently, a monetary equilibrium with5 < 1 exists if and only ifD(1) < 0.
From (A.8), this condition yields

θ < θM ≡
2q∗

u(q∗) + q∗
.

NotethatθM < 1 becauseq∗ < u(q∗). BecauseD(5) is strictly decreasing in5, the monetary equilibrium is unique.

Note also that (A.8) implies that in the monetary equilibrium one has
∂q∗

5
∂θ

> 0 and therefore∂5M
∂θ

> 0.

A.2. Proof of Proposition2

We consider the fraction of high-quality producers (5B) whenθ is close to 0. From (A.1) the conditionD(5B) = 0 can
be rewritten as

q∗
5B

= θ{θ5B[u(qb
1,1) − qs

1,1] + (1 − θ)[5Bu(qb
5B,1) − qs

5B,1]

− 5B(1 − θ)qs
1,5B

+ (2 − θ)q∗
5B

}. (A.9)

From (A.8), the fraction of high-quality producers in the monetary equilibrium (5M ) satisfies

q∗
5M

= θ

{(
u(q∗) − q∗

2

)
+ q∗

5M

}
. (A.10)

From (A.9) and (A.10), ifθ is close to 0,5B and5M must also be close to zero. Consequently,

u(q∗) − q∗

2
+ q∗

5M
'

u(q∗) − q∗

2

� θ5B[u(qb
1,1) − qs

1,1] + (1 − θ)[5Bu(qb
5B,1) − qs

5B,1] − 5B(1 − θ)qs
1,5B

+ (2 − θ)q∗
5B

' 0.

Becauseq∗
5 is increasing in5, we deduce from (A.9) and (A.10) that5M > 5B.

A.3. Derivation of the closed-form solutions5B and5M

From equations (10) and (11), one can verify that the terms of trade in the non-monetary equilibrium satisfy

qs
1,5 = 5

α
(1−α)(1+α) , qb

1,5 = 5
1

(1−α)(1+α) , qs
1,1 = qb

1,1 = q∗
= 1, qs

5,5 = qb
5,5 = q∗

5 = 5
1

1−α .
(A.11)

Substituting these expressions into (A.1), we obtain

D(5) = θ25

(
1 − α

α

)
+ (1 − θ)θ5

1
(1−α)(1+α)

(
1 − α

α

)
− θ(1 − θ)5

α
(1−α)(1+α)

+1
− (1 − θ)25

1
1−α . (A.12)

The conditionD(5) = 0 can be rewritten as

θ25
−α2

(1−α)(1+α)

(
1 − α

α

)
+ (1 − θ)θ

(
1 − α

α

)
= θ(1 − θ)5

α
1+α + (1 − θ)25

α
(1−α)(1+α) . (A.13)

The L.H.S. of (A.13) is decreasing in5 whereasthe R.H.S. is increasing in5. Hence, for anyθ there is a unique5
satisfying (A.13), which is given by

5B =

(
1 − α

α

θ

1 − θ

) (1−α)(1+α)
α

.

The expression for5M is obtained by replacingq∗
5 with 5

1
1−α in the first-order condition (A.8). Finally, note that

5B < 5M if and only if

θ < θ ≡
α

α + 2α(1 − α)
.
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A.4. Restricted trade equilibrium

Part 1: Characterization of the restricted trade equilibrium. The restricted trade rule specifies that when a
trader in a match is recognized as a low-quality producer (εi = 0 or ε j = 0), no trade takes place even if the recognized
low-quality producer holds money. The programme of the household is given by (12) when all terms withεi = 0 or
ε j = 0 are eliminated. The choice5 that sustains a symmetric Nash equilibrium is given by

5 = 1 if DR(1) ≥ 0
5 = 0 if DR(0) ≤ 0
DR(5) = 0 otherwise

whereDR is given by (20) when all terms withεi = 0 or ε j = 0 are eliminated:

DR(5) = [u(qb
1,1) − qs

1,1]θ
25 − qs

1,5θ(1 − θ)5 + [5u(qb
5,1) − qs

5,1 − x5,1ω](1 − θ)θ − qs
5,5(1 − θ)2. (A.14)

Let us first determine the necessary and sufficient conditions for the existence of an equilibrium without low-quality
producers.Using the fact that when5 = 1 money is not valued, we find thatDR(1) = DB(1). Consequently, a
necessary and sufficient condition for an equilibrium without lemon producers isθ ≥ θB. Because agents cannot trade
when recognized as low-quality producers, the incentive-compatibility condition for5 = 1 is the same as the one in the
barter economy.

The marginal value of money is affected by the restricted trade rule. Nevertheless, under the Friedman rule the
constraints on money holdings of households’ members are not binding and we have

5u(qb
5,1) − qs

5,1 − x5,1ω =
5u(q∗

5) − q∗
5 + u(q∗) − q∗

2
.

Consequently, (A.14) can be rewritten as follows:

DR(5) = θ25[u(q∗) − q∗
] + θ(1 − θ)

{
5u(q∗

5) − q∗
5 + u(q∗) − q∗

2

}
− (1 − θ)5θq∗

5 − q∗
5(1 − θ)2. (A.15)

Let us consider equilibria with5 ∈ (0,1). Then we haveDR(5) = 0. For allθ ∈ (0, θB) we haveDR(0) > 0 and
DR(1) < 0. Consequently, an active monetary equilibrium exists.

Part 2: Comparison of the non-monetary equilibrium and the restricted trade equilibrium. According to
(A.1), in the non-monetary equilibrium

DB(5) = θ25[u(q∗) − q∗
] + θ(1 − θ)[5u(qb

5,1) − qs
5,1] − (1 − θ)5θqs

1,5 − (1 − θ)2q∗
5. (A.16)

In order to demonstrate that the fraction of high-quality producers in the restricted trade equilibrium is larger than in any
non-monetaryequilibrium, we show thatDR(5) −DB(5) > 0 for any5. From (A.15) and (A.16), we get

DR(5) −DB(5) = θ(1 − θ)

{
5u(q∗

5) − q∗
5 + u(q∗) − q∗

2
− [5u(qb

5,1) − qs
5,1] − 5q∗

5 + 5qs
1,5

}
. (A.17)

Berentsen and Rocheteau(2003) show that in the non-monetary equilibrium in asymmetric matches,qs
1,5

> q∗
5.

Moreover, for all5 ∈ (0,1), in a(5, 1)-meeting, the buyer surplus is strictly smaller than the seller surplus

5u(qb
5,1) − qs

5,1 < u(qs
5,1) − qb

5,1, ∀5 ∈ (0,1). (A.18)

From (A.18) we have

2[5u(qb
5,1) − qs

5,1] < 5u(qb
5,1) − qs

5,1 + u(qs
5,1) − qb

5,1, ∀5 ∈ (0,1). (A.19)

FromBerentsen and Rocheteau(2003), we also know that in the barter economy terms of trade in asymmetric matches
aresocially inefficient in the sense that the total surplus of the match is not maximized. This implies

5u(qb
5,1) − qs

5,1 + u(qs
5,1) − qb

5,1 < 5u(q∗
5) − q∗

5 + u(q∗) − q∗
∀5 ∈ (0,1). (A.20)

Accordingly, (A.19) and (A.20) imply that

5u(qb
5,1) − qs

5,1 <
5u(q∗

5) − q∗
5 + u(q∗) − q∗

2
∀5 ∈ (0,1).

Fromthis we deduce thatDR(5) −DB(5) > 0 for all 5 ∈ (0,1).
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A.5. Proof of Proposition3

Part 1. The barter economy. In the non-monetary equilibrium, there is no trade if one player is recognized as
a low-quality producer. Consequently, we can restrict our attention to matches where(εi , ε j ) ∈ {5, 1}

2. Equation (26)
canbe rewritten as

I(θ, 2) = 252
[u(qb

1,1) − qs
1,1] − 25[5u(qb

5,1) − qs
5,1]

+ 5(1 − 2)[u(qb
1,5) − 5qs

1,5] − (1 − 2)5[u(qb
5,5) − qs

5,5] − C′(θ). (A.21)

BecauseI(θ, 2) is decreasing inθ , for all 2, there is a uniqueθ that satisfies the first-order condition of the programme
of the household. Let us first consider symmetric Nash equilibria whereθ = 2 = 0. The conditionI(0,0) ≤ 0 can be
rewritten as

5[u(qb
1,5) − 5qs

1,5] − 5[u(qb
5,5) − qs

5,5] ≤ 0.

For u(q) = α−1qα , we haveqb
1,5

= 5
1

(1−α)(1+α) , qs
1,5

= 5
α

(1−α)(1+α) andq∗
5 = 5

1
1−α . Therefore

5[u(qb
1,5) − 5qs

1,5] − 5[u(q∗
5) − q∗

5] = 5

(
1

α
− 5

)(
5

α

1−α2
− 5

α
1−α

)
≥ 0.

Consequently, the conditionI(0,0) ≤ 0 is satisfied only for5 ∈ {0,1}.
Second, consider symmetric Nash equilibria whereθ = 1. The conditionI(1,1) ≥ 0 can be rewritten as

A ≤ 52
[u(qb

1,1) − qs
1,1] − 5[5u(qb

5,1) − qs
5,1] = 52

(
1 − α

α

)(
1 − 5

α2

1−α2

)
. (A.22)

Third, consider symmetric Nash equilibria whereθ ∈ (0,1). The conditionI(θ, θ) = 0 can be rewritten as

θ = 5
[u(qb

1,5
) − 5qs

1,5
] − [u(q∗

5) − q∗
5]

A − 52[u(q∗) − q∗] + 5[u(qb
1,5

) − 5qs
1,5

] + 5[5u(qb
5,1) − qs

5,1] − [5u(q∗
5) − 5q∗

5]
. (A.23)

If (A.22) is not satisfied, then the value ofθ satisfying(A.23) is between 0 and 1.
Let us recapitulate the previous results. There is a unique symmetric Nash equilibrium. If (A.22) holds,θ = 1.

Otherwise,θ is given by (A.23).

Part 2. The monetary economy under the Friedman rule. Under the Friedman rule (γ→ β), in each meeting
agents transfer money so that the total surplus of each match is split evenly. This implies that

εi u(qb
ε ) − qs

ε − xεω =

εi u(q∗
εi

) − q∗
εi

+ ε j u(q∗
ε j

) − q∗
ε j

2
. (A.24)

Therefore, equation (26) can be rewritten as follows:

I(θ, 2) =
1
25

∑
ε∈E[εi u(q∗

εi
) − q∗

εi
] fθ (εi ) fH (ε j ) +

1
25

∑
ε∈E[ε j u(q∗

ε j
) − q∗

ε j
] fθ (εi ) fH (ε j )

+
1
2(1 − 5)

∑
ε∈E[εi u(q∗

εi
) − q∗

εi
] fθ (εi ) fL (ε j ) +

1
2(1 − 5)

∑
ε∈E[ε j u(q∗

ε j
) − q∗

ε j
] fθ (εi ) fL (ε j )

+ (1 − 5)
∑

ε∈E
q∗
ε j

fθ (εi ) fL (ε j ) − C′(θ). (A.25)

Using the fact that
∑

εi
fθ (εi ) = 0 and

∑
εi

fH (ε j ) =
∑

εi
fL (ε j ) = 1, equation (A.25) can be rewritten as

I(θ, 2) =
1
2
∑

εi ∈{0,5,1}[εi u(q∗
εi

) − q∗
εi

] fθ (εi ) − C′(θ)

=
5[u(q∗) − q∗

] − [5u(q∗
5) − q∗

5]

2
− C′(θ).

Consider a symmetric Nash equilibrium whereθ ∈ (0,1). Then, conditionI(θ, θ) = 0 for a symmetric Nash equilibrium
can be rewritten as

Aθ = 5
[u(q∗) − q∗

] −

[
u(q∗

5) −
q∗
5
5

]
2

. (A.26)

Because of the concavity of the utility function, we haveu(q∗) − u(q∗
5) ≥ u′(q∗)(q∗

− q∗
5) = q∗

− q∗
5, which

implies that5[u(q∗) − u(q∗
5)] ≥ 5(q∗

− q∗
5) > 5q∗

− q∗
5 if 5 ∈ (0,1). The R.H.S. of (A.26) is strictly positive. If

A >
5[u(q∗)−q∗

]−[5u(q∗
5

)−q∗
5

]

2 , thenθ ∈ [0,1). If A ≤
5[u(q∗)−q∗

]−[5u(q∗
5

)−q∗
5

]

2 thenθ = 1.
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Part 3. Ranking of information acquisition in the monetary economy(2M ) and the barter economy(2B).
Let 2B be the value ofθ that satisfies equation (A.23) and let2M bethe value ofθ that satisfies equation (A.26). From
(A.23) we have

lim5→0
2B

5
= 0. (A.27)

From (A.26), we have

lim5→0
2M

5
=

[u(q∗) − q∗
]

2A
> 0. (A.28)

Consequently, for5 sufficiently close to zero, we have2B < 2M .

A.6. Proof of Lemma1

The proof is by contradiction. Assume that everyone produces high quality:5 = 1. From (1), we findf (1;θ) = 1 and
fθ (1;θ) = 0. Equation (26) can then be rewritten as

I(θ, 2) = −C′(θ).

From (27), the optimal choice of information is thenθ = 0. But if θ = 2 = 0, the unique equilibrium is non-active,
which contradicts the initial assumption. Note further thatθ cannot be equal to one in equilibrium. Indeed, ifθ = 2 = 1,
households would chooseπ = 1, but then it would be rational for households to be uninformed (θ= 0).

A.7. Proof of Proposition4

Part 1. The non-monetary equilibrium. We look at the candidates for a non-monetary equilibrium. Let5B
denote the fraction of high-quality producers and2B the level of information at the non-monetary equilibrium. First,
from Lemma1 any candidate must be such that5B < 1 and2B < 1. Second, a candidate must satisfyI(2B, 2B) = 0
andD(5B) = 0. From (A.21), the pair(5B, 2B) must satisfy

A2B = 2B
(1 − α)

α

[
52

B − (5B)
2−α2

1−α2
]

+ (1 − 2B)

(
1

α
− 5B

)[
(5B)

1+α−α2

1−α2
− (5B)

1
1−α

]
(A.29)

with

5B =

[
2B(1 − α)

(1 − 2B)α

] (1−α)(1+α)
α

.

Multiplying each side of (A.29) by α
2B(1−α)

, and after some simplification we obtain

A
α

(1 − α)
=

1

α
5B

[
1 − (5B)

α2

1−α2
]
. (A.30)

The equilibrium fraction of high-quality producers in the barter economy is a5B ∈ ]0,1[ that satisfies (A.30). It can
immediatelybe checked that the R.H.S. of (A.30) is strictly positive for all5B ∈ ]0,1[ and is equal to 0 for5B ∈ {0,1}.

Let 5max
B be the value of5B ∈]0,1[ such that the derivative of the R.H.S. of (A.30) is zero.5max

B is unique and
is given by

5max
B = (1 − α2)

1−α2

α2 .

Consequently, there is a thresholdA for the information cost such that the following is true: ifA = A, 5B = 5max
B . If

A > A, there is no active non-monetary equilibrium. IfA < A, there are two potential active non-monetary equilibria.
The thresholdA is the value ofA that satisfies (A.30) with5B = 5max

B . Therefore it is equal to

A =
(1 − α2)

1
α2

1 + α
. (A.31)

Part 2. The monetary equilibrium. Let 5M denotethe fraction of high-quality producers and2M the level
of information at the monetary equilibrium under the Friedman rule. A candidate must satisfyI(2M , 2M ) = 0 and
D(5M ) = 0. It could be checked from an equation analogous to (A.25) that the choice of information of each household
is independent of its choice ofπ . Therefore, each candidate for an equilibrium will in fact be an equilibrium (i.e.we
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don’t have to check for a simultaneous deviation forθ andπ ). According to (A.26), a monetary equilibrium is a pair
(5M , 2M ) that satisfies

A2M =

(
1 − α

2α

)[
5M − (5M )

1
1−α

]
(A.32)

with

5M =

[
2M (1 − α)

2α(1 − 2M )

]1−α

. (A.33)

From (A.33), we can express2M as

2M =
2α(5M )

1
1−α

1 − α + 2α(5M )
1

1−α

. (A.34)

Substituting this expression into (A.32) yields

A =
(1 − α)

(2α)2

[
1 − α + 2α(5M )

1
1−α

][
(5M )

−α
1−α − 1

]
. (A.35)

It can be verified that the R.H.S. of (A.35) is infinite for5M = 0 and is equal to 0 for5M = 1. Consequently, for all
A > 0, an active monetary equilibrium exists.

We differentiate the R.H.S. of (A.35) to show that it is strictly decreasing in5M :

∂R.H.S.(A.35)

∂5M
=

1

4α

{
2(1− α) − 2(5M )

α
1−α − (1 − α)(5M )

−1
1−α

}
.

Thefactor in the braces is equal to−∞ for 5M = 0 and to−(1+ α) for 5M = 1. For5M ∈ [0,1], that factor reaches

a maximum for5M = min
[(

1−α
2α

) 1−α
1+α

, 1
]
. If 1−α

2α
< 1, this maximum is equal to

2(1+ α)

[
(1 − α)

(1 + α)
−

(
1 − α

2α

) α
1+α

]
< 0.

Consequently, ∂R.H.S. (A.35)
∂5M

< 0 for all 5M ∈ [0,1]. Therefore, the monetary equilibrium under the Friedman rule is
unique.
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