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A model is constructed in which trading partners are asymmetrically informed about
future trading opportunities and spatial and informational frictions limit arbitrage between
markets. These frictions create inefficiency relative to a full-information equilibrium, and
the extent of this inefficiency is affected by monetary policy. A Friedman rule is optimal
under a wide range of circumstances, including ones where segmented markets limit the
extent of monetary policy intervention.
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1. INTRODUCTION

In this paper we explore the following ideas. Spatial and informational frictions
imply that arbitrage is limited across markets for goods and services, so that the
same good or service may trade at different prices in different locations. In other
words, there is a degree of segmentation across goods markets. Further, economic
agents move among spatially separated markets in an uncoordinated fashion, so
that a given agent’s current potential trading partners may be different from his
or her past and future trading partners. As a result, if two agents are engaged in
decentralized exchange, their future trading opportunities may be quite different.
If these two agents are asymmetrically informed about these future trading oppor-
tunities, then this will in general affect the terms on which they exchange goods,
services, and assets. Now, monetary policy affects the relative prices of goods and
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services across segmented markets, for two reasons. First, given heterogeneity in
the populations of buyers and sellers across different markets, market prices may
respond differently in different markets to the same monetary policy intervention.
Second, the central bank in general participates directly in some markets and
not in others, so that a money injection by the central bank will at least initially
have different effects in different markets. Given that monetary policy actions can
change relative prices across markets in a persistent fashion, this will then matter
for the efficiency losses due to private information frictions. We want to explore
the role of monetary policy in this context, and to derive some conclusions for
optimal policy.

The basic structure of the model builds on Lagos and Wright (2005), in which
there is trading in centralized and decentralized markets. In our model there is
segmentation in centralized markets, and the price of goods in terms of money
will in general differ across these markets. In the decentralized market, there is
random bilateral matching and monetary exchange, and agents who meet will be
privately informed concerning their centralized market location in the next period.
Thus, there is asymmetric information concerning how trading partners value
money. Elements of the bargaining problem in the decentralized market conform
to the features of standard adverse selection environments, such as that described
by Maskin and Riley (1984). However, a key element of the problem is that cash
constraints alter the outcomes, and in this way our analysis shares something with
the work of Ennis (2007).

Our model is certainly not the first to study the potential role of monetary
policy in exacerbating information frictions. For example, a key contribution to
the monetary policy literature was the money surprise model developed in Lucas
(1972). In Lucas’s competitive environment, producers can be fooled by the central
bank into producing more or less than is optimal, as producers have imperfect
information about relative prices. In our model, buyers of goods are imperfectly
informed concerning how sellers value the money offered in exchange for goods.
This implies that contracts are distorted in order to induce self-selection, and these
distortions will vary with monetary intervention by the central bank.

This paper is also related to some ideas in the market segmentation literature.
In particular, Williamson (2008, 2009) studies a class of models with persistent
nonneutralities of money and segmentation in goods and financial markets.

The results we obtain here are the following. In general, prices in equilibrium
will differ across the segmented centralized markets, and this creates private-
information inefficiency in decentralized trade. The model also contains a standard
intertemporal distortion that is typically corrected by a Friedman rule; i.e., infla-
tion causes inefficient trade resulting from under-investment in the accumulation
of money balances. As it turns out (and perhaps surprisingly), a Friedman rule will
correct both the private information inefficiency and the intertemporal distortion
under all the alternative market arrangements we consider. In particular, first,
if the central bank can intervene in all centralized markets, then a Friedman rule
equalizes prices across centralized markets and corrects the standard intertemporal
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monetary distortion, even if the central bank is constrained to making the same
lump-sum money transfer to all agents. Second, if there is financial trading (essen-
tially a federal funds market) across centralized markets, then prices are equalized
across markets and a Friedman rule is optimal, no matter who is on the receiving
end of the central bank’s lump-sum transfers. Third, even in the absence of financial
market trading, and when the central bank can intervene only in one centralized
market, a Friedman rule supports an efficient allocation.

The paper is organized as follows. In Section 2 the model is constructed;
then features of the equilibrium related to centralized trade and decentralized
trade, respectively, are determined in Sections 3 and 4. Then, in Sections 6-8,
an equilibrium is determined and optimal monetary policy is studied under,
respectively, intervention by the central bank in all centralized markets, finan-
cial market trade across centralized markets, and intervention by the central bank
in only one centralized market in the absence of cross-location financial trade.
Finally, Section 9 concludes.

2. THE MODEL

The basic structure of the model is derived from Lagos and Wright (2005), and
we add some locational and informational frictions. Time is discrete and there is
a continuum of agents with unit mass. Each agent is infinite-lived and maximizes

Eo Y B'lute) — 1],

t=0

where 8 € (0, 1), ¢, is consumption of the unique perishable consumption good,
and [, is labor supply. Assume that u(-) is twice continuously differentiable, strictly
increasing, and strictly concave, with #(0) = 0, u’(0) = oo, and u’(c0) = 0. Let
g* denote the solution to u’(¢*) = 1. Each agent possesses a technology that
permits the production of one unit of the perishable consumption good for each
unit of labor supplied, and no agent can consume his or her own output.

Inperiodst =0, 2,4, ..., agents are randomly allocated between two locations
indexed by i = 1, 2. Let p denote the probability that an agent goes to location
1, and 1 — p the probability of going to location 2, where 0 < p < 1. Goods and
agents cannot be moved between the two locations. Exchange occurs competitively
in each location in even periods. At the beginning of periods r = 1,3,5,..., an
agent learns whether he or she will be a buyer or a seller during the current period.
For an agent who is in location i during period ¢, for ¢ even, the probability of
being a buyer in period ¢ + 1 is «;, and the probability of being a seller is 1 — «;,
where 0 < «; < 1 fori =1, 2. Assume that «; > % and that

_ 1—20{1/0

o) = ——,
2T 23 -p)
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Period t Period t+1 Period t+2
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FIGURE 1. Locational itineraries.

which guarantees that half the population consists of buyers (and the other half
consists of sellers) during an odd period. We need to assume that

1
ajp < 57

which ensures that o, > 0. Thus, agents in location 1 during an even period have
a higher probability of being buyers during the next odd period than is the case
for agents in location 2.

At the beginning of period ¢, for # odd, each agent first learns whether he or she
is a buyer or seller during the current period. At this time, sellers also learn their
period-(¢ + 1) location, which is private information, but buyers will not learn
their period-(¢ + 1) location until the beginning of period ¢ + 1. Each buyer is
randomly matched with a seller during an odd period, but each buyer/seller match
occurs between a buyer and seller who will occupy the same location during the
next period. Thus, in a given pairwise match in an odd period, the buyer and seller
are asymmetrically informed. The seller knows his or her location next period,
but the buyer does not know his or her future location, or the future location of
the seller he or she is paired with. Trade is anonymous in pairwise matches, so
if exchange is to take place the seller must be willing to accept money for the
consumption goods that he or she can produce.

The setup of the model is illustrated in Figure 1. A key feature of the model
is that there is an adverse selection problem related to decentralized trade, in
that buyers and sellers are asymmetrically informed about their future trading
opportunities. As we will show, monetary policy will have important effects on
the nature of this adverse selection problem. There are some elements of the model
that we have rigged for tractability, for example, the restrictions on who meets
whom and when, but we think that the ideas are quite general.
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3. CENTRALIZED EXCHANGE

Let W/ (m) be the value function of an agent with m units of money at location i,

fort =0,2,4, ..., and let Vti (m) be the value function of an agent with m units

of money in the decentralized market who resided in location i in period t — 1

(before learning period-t buyer/seller status), fort = 1, 3, 5, .... We then have
Wim) = max ulc) = I+ BV (mi)]

oo 5
(c},l,’,erl)eRJr

subject to
c, + o, =1 +om+ @1, 1)

Here, ¢! is the value of money in units of consumption goods in location i = 1, 2,
and 7/ is a lump-sum money transfer from the central bank, which we allow at
this stage to depend on the agent’s location. Suppose there is an interior solution
for ¢! and I in every even period. Then, for each i = 1, 2, we have

Wi (m) = ¢im + W/ (0), )
where

WO =ulg") —q"+ &/ + max [~gj, + BV (my)]. 3
My &Ry

Note from (2) that, as in Lagos and Wright (2005), the value function W,i (m) is
linear in m. Further, given our assumptions about the pattern of meetings in even
and odd periods, the per capita stock of money must always be the same in each
location in even periods. Ultimately we will show that, as in Lagos and Wright
(2005), all agents in a given location choose to hold the same quantity of nominal

money balances at the end of any even period.

4. DECENTRALIZED EXCHANGE

Two kinds of meetings can occur between buyers and sellers during an odd period
t. In any bilateral meeting in an odd period, the buyer and seller will ultimately
be in the same location in the next even period. However, the seller knows his
or her location next period, whereas the buyer does not. Let i denote the seller’s
type, i = 1,2, where the type is just period-(z + 1) location. Let g/ denote the
quantity of goods provided by a type i seller to the buyer, in exchange for d!
units of money. In a meeting between a buyer and a seller, let the buyer have m
units of money, and assume that he or she makes a take-it-or-leave-it offer to the
seller. The seller’s type is private information to the buyer, and this information is
critical, as revealing it would tell the buyer how the seller values the money that
the buyer offers in exchange for goods. The seller’s type is also the buyer’s type,
so the seller’s type also reveals how the buyer will value the money exchanged
with the seller, ex post.
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The problem that the buyer faces when meeting a seller is much like the problem
of a monopolist selling goods to heterogeneous buyers whose types are private
information, as captured, for example, in the adverse selection model of Maskin
and Riley (1984). A key difference in this problem, however, is that the money
balances held by the buyer potentially constrain the array of contracts that can be
offered to the seller [see Ennis (2007)].

Now, consider the problem faced by a buyer. In general, this buyer will offer a
choice of two contracts to the seller, (q,l, dtl) and (q,z, dtz), intended respectively
for sellers of types 1 and 2. The surplus received by the buyer from an accepted
contract by a type i seller is u(g}) — B¢, ,d;, given (2). Buyer i then chooses the
two contracts to maximize his or her expected surplus,

plu(a)) = Bold]+ (1= p) [ula]) — Bo71d7]- @

Each contract must be individually rational for each type of seller; i.e., the seller
receives nonnegative surplus, or

—q! + B, dl >0, fori=1,2, (5
and each contract must be incentive-compatible for each type of seller, or
—q + Bl d > —q] + Bl d], fori=1,2and ) #i. (6)

Further, the quantities of money that can be offered in exchange to each type of
seller cannot exceed m; that is, the cash constraints,

d <m, fori=1,2, (7

must hold.
Now, conjecture that

i1 > B ®

which we will later show holds in equilibrium. We can then characterize the
optimal contracts offered by a buyer with the following lemmas.

LEMMA 1. The optimal contract offered by a buyer to a type 2 seller yields
zero surplus to the seller. That is, the individual rationality constraint holds with
equality for the type 2 seller, or

—q; + Bo;d; =0. 9)

Proof. Suppose —¢g> + ,8<1>t2+1dl2 > 0 at the optimum. Then, from (6) and (8),
we have

,B(f’tlJrldtl - Qtl = :3¢tl+1dt2 - qtz > :3¢12+1dt2 - q12 >0,

so that the optimal contracts offered by the buyer to each seller give both sellers
strictly positive surplus. This implies that both d; and d,2 can be reduced, holding
constant qti, i = 1,2, in such a way that constraints (5)—(7) continue to hold,
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while the value of the objective function in (4) increases. Thus the contracts are
not optimal, a contradiction. [ ]

LEMMA 2. The incentive constraint for the type 1 seller binds at the optimum.

That is,
1 1 og1 2 12
—4q; + :3¢t+1dt =9 + lB¢t+1dt' (10)
Proof. Suppose —g, + B¢, Hd} > —q2+p¢) +1dt2 at the optimum. Then, given
(8), we have

ﬂ¢}+ldt1 - qzl >0,

which implies that d,1 can be reduced in such a way that the constraints (5)—(7)
continue to hold, increasing the value of the objective function in (4) increases.
Thus, the contracts are not optimal, a contradiction. [ ]

LEMMA 3. The optimal contract offered to the type 1 seller gives the seller
strictly positive surplus. That is, the individual rationality constraint for the type
1 seller holds as a strict inequality, or

—q, + B, d! > 0. (11)
Proof. From (10), (8), and (9) we get
_qtl +:3¢zl+1dt] = _qzz + /3¢t]+ldt2 > _‘112 + ﬂ‘ﬁrzﬂdzz =0.
|

LEMMA 4. At the optimum, the type 1 seller supplies more goods and receives
more money in exchange than does the type 2 seller. That is, q! > q? and d} > d?
at the optimum, and q! > q? if and only ifd! > d?.

Proof. Adding the two incentive constraints, i.e., constraint (6) for (i, j) =
(13 2)7 (27 1), we Obtain

B(dr1 = By —df) = Bl — 97)(d7 — )

which, given (8), implies dt1 > dtz. Then, it is immediate from equation (10) that
g > g2, and that ¢! > ¢? if and only if d! > d>. ]

Thus, in spite of the cash constraints (7) that make this problem different
from standard adverse selection problems in the literature, from Lemmas 1-4 the
solution will have some standard properties. The type 2 seller, who has a low
value of money in the following period, receives zero surplus from the contract
offered by the buyer, whereas the type 1 seller, who has a high value of money,
receives strictly positive surplus. The incentive constraint binds for the type 1
seller, and larger quantities are exchanged between the buyer and a type 1 seller
than between the buyer and a type 2 seller. These features allow us to solve the
optimal contracting problem (4) subject to (5)—(7) in a more straightforward way.
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In particular, substitute in the objective function in (4) and in the cash constraints
(7) for dt1 and d,2 using (9) and (10), and then solve the problem as

1
max p |:u(qll) —q' - <¢t+1 - 1) 6],2:| +=p)[u(g)-q¢] 2

2
qr]v%z ¢l+1

subject to the cash constraints

¢1

qtl +q12 ( t2+1 - 1) = ﬁ¢[l+1mv (13)
b
a; < Bl m. (14)

From the proof of Lemma 3, because we have imposed (9) and (10), both individual
rationality constraints hold, and we need only check that the second incentive
constraint, (6) for (i, j) = (2, 1), holds. In turn, from the proof of Lemma 4, we
then only need to check that the solution has the property ¢! > ¢2.

4.1. Case 1: Cash Constraints Bind for Both Contracts

In this case the two contracts that the buyer offers the seller are both constrained
by the quantity of money m that the buyer possesses. That is, (13) and (14) both
hold with equality. Solving for g and g? from (13) and (14), we obtain

q =q; = e} m. (15)

and so, because the buyer gives up all his or her money balances irrespective of
the seller’s type, the payoff to the buyer as a function of m is

¥/ (m) = u(Be; m). (16)

Thus, in this case the buyer is constrained to offering the same contract to each
type of seller, and the type 1 seller who values money highly extracts some surplus
from the buyer.

In Figure 2, we show the equilibrium contract in case 1. Note that both equilib-
rium contracts involve a distortion from full-information quantities. In this case,
the buyer has sufficiently low money balances that it is inefficient for him or her
to induce the seller to reveal his or her type.

4.2. Case 2: Cash Constraint Binds Only for the Type 1 Seller

Recall from Lemma 4 that d,1 > dt2 at the optimum, so if one cash constraint binds,
it must be the one for the type 1 seller. Thus, substituting for ¢! in (12) using (13)
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Zero surplus
type 2
Zero surplus
P
[ type 1
5 Full info
E type 2
=}
2
g Pooling Full info
\LT contract type 1
L m
(0,0 / g = quantity of goods

FIGURE 2. Case 1.

with equality, in case 2 we can write the buyer’s optimization problem as

2
a? P

1
max p { [—qf <¢’+‘ - 1) + ﬁqs,ulm} - ﬂqs,ulm} + (1= p)[u(g?) — 7]
17

subject to (14). The first-order condition for an unconstrained optimum is then

| 1
—p (@ - 1) u' |:—%2 (% - 1) + ,3¢zl+1mj| +(1=p) [u'(g))~1] =0.
¢[+] ¢t+l
(18)

Now, let go(qtz, m) denote the function on the left-hand side of (18).

PROPOSITION 5. There is a unique g, (m) that solves ¢(q; (m), m) = 0, with
0 < qr*(m) < (ﬁ¢11+1m)/(¢[1+1/¢;2+] - 1)

Proof. Nonnegativity of consumption for the buyer implies that

¢1
0<gq < (ﬁqﬁ}ﬂm)/( o - 1>'

2
b1
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Given (8), and the sltrict concavity of u(-), gz)(q,z, m) is strictly decreasing in q,2
on (0, (ﬁq&l{r]m)/(:% — 1)) for fixed m > 0. Further, lim,_,o¢ (g, m) = 0o, and
t+1

imy , go1 my /o), /02, —1) 9(4, 1) = —00. =

PROPOSITION 6. The solution q;(m) satisfies the cash constraint (14) if and
only if (B¢}, m, m) < 0.

Proof. Because ¢(g?, m) is strictly decreasing in ¢ and ¢[g*(m), m] = 0,
g/ (m) < ,Bqﬁrzﬂm if and only ifgo(ﬂ¢,2+lm,m) <0. [ ]

Further, because at the case 2 optimum the quantity of money exchanged with
the type 2 seller cannot exceed the quantity exchanged with the type 1 seller, from
(10) we must have ¢! > g2, and so the incentive constraint for the type 2 seller is
satisfied.

This last proposition gives us a necessary restriction on m for the optimum to
have case 2 characteristics. That is, from (18), (p(,3¢>,2+1m, m) < 0 gives

¢, ,

1—p=t2 )/ (B m) — (1 — p) < 0. 19)
Prii

Now, assume for now (we will later establish conditions that guarantee that this

holds) that

1
¢z+]

2
b1

and let w (m) denote the function on the left-hand side of inequality (19). Note that
w(m) is strictly decreasing and continuous in m with w(0) = oo and w(m) < 0
for m sufficiently large. Therefore, there is some m; > 0 such that w(m;) = 0,
w(m) < 0 form > m; and w(m) > 0 for m < m,. Therefore, if the optimum is
case 2, then it is necessary that m > m,l, where mt1 is the solution to

1—p > 0, (20)

1
(1 — plen ) u'(B7m{) — (1 —p) =0. @1

2
Pt

Finally, because when we have a case 2 optimum, the buyer gives up all of his
or her cash balances to a type 1 seller and only some of his or her cash balances
to a type 2 seller, the expected payoff to the buyer as a function of m is

1
Y2 (m) = pu [—q,*(m) <zt2+1 _ 1) + /3¢,'+1m}

t+1

+(1-p) {u[q;*(m)]+ﬂ¢?+1 [m— ‘;;ﬁt?]} 22)
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(0,0 / g = quantity of goods
FIGURE 3. Case 2.

We illustrate the equilibrium contracts in Figure 3. Here, note that the
binding cash constraint implies that the contracts for both types are distorted from
what would be achieved with full information. Relative to case 1, the buyer has
enough cash so that he or she optimizes by inducing self-selection by the seller,
but has insufficient cash to offer a nondistorted contract to the type 1 seller.

4.3. Case 3: Neither Cash Constraint Binds

In this case ¢! and ‘1:2 are chosen by the buyer to solve (12) ignoring the cash
constraints. The first-order conditions characterizing an optimum are

u' (g)) =1 (23)

and

1
W (g?) =1+ % (Zt;i _ 1) _ (24)
i+

Now, let c}tl and 67,2 denote the solutions to (23) and (24), respectively. First, notice
that ! = g*. Second, note that (8) implies that g* > G2, which implies that
the incentive compatibility constraint for the type 2 seller is satisfied. Further,
note that ¢* would be the quantity traded in a full information contract between
the buyer and both types of sellers, unconstrained by the buyer’s cash holdings.
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As well, given (8), - is smaller than the quantity traded with a full information
contract between the buyer and a type 2 seller, again unconstrained by the buyer’s
cash holdings. This is a standard feature of adverse selection models with two
types, whereby the type 2 contract is distorted from what it would be with full
information, to induce the type 1 seller to self-select.

The next step is to establish conditions on m that guarantee that there is a case 3
optimum. That is, we want m to be sufficiently large so that neither cash constraint
binds. Because ¢* > q}, a larger quantity of cash is traded in the type 1 contract,
so if the cash constraint does not bind for the type 1 contract it will not bind for the
other contract. Therefore, neither cash constraint binds if and only if, from (13),

> 4 (oL : 25
"= e, T\ Bok, T Bel, @

and we let m? denote the quantity on the right-hand side of (25).
The payoff to the buyer if there is a case 3 optimum is

Y (m) = p Ju(g*) + By, [ m — qj -4 12 _;1
:3¢,+1 :3¢1+1 13¢t+1

=2
+ (=0 |:u(c7,2) + B (m -4 )} : (26)

In Figure 4, we show the equilibrium contracts in case 3. Here, as cash con-
straints do not bind, the type 1 seller receives a contract that is not distorted, but
the type 2 contract is distorted to induce self-selection, just as in Maskin and Riley
(1984). In Figure S, we show how contracts differ across the three cases. Note
that, as the money held by the buyer declines, the surplus received by the type 1
seller falls, and the distortion in each contract rises.!

4.4. Odd-Period Value Functions

Now that we know the payoffs to the buyer as a function of the buyer’s cash
balances m, and the constraints on m that are necessary to obtain cases 1-3 above,
we can proceed to construct the value functions V/ (m) for i = 1, 2. Recall that
V/(m) gives the value of money at the beginning of period ¢ (before learning
buyer/seller status) of money balances m to an agent who resided in location i in
period t — 1, where ¢ is an odd period.

Itis straightforward to show that, given (8), m! < m?. Then, because a necessary
condition for a case 2 optimum is that m > mtl and a necessary condition for a
case 3 optimum is m > m?, we will have a case 1 optimum when 0 <m <m/, a
case 2 optimum whenm! < m <m?, andacase 3 optimum whenm > m?. Above,
we calculated the payoffs to a buyer as a function of m in the three different cases.
For a seller’s payoff, note that the seller does not give up any money balances no

https://doi.org/10.1017/51365100510000635 Published online by Cambridge University Press


https://doi.org/10.1017/S1365100510000635

ADVERSE SELECTION AND SEGMENTED MARKETS 281

Zero surplus
type 2
Zero surplus
& type 1
% Full info yp
£ type 2
=}
2
§ Full info
ﬁ"‘ type 1
~
(0,0) / ¢ = quantity of goods
FIGURE 4. Case 3.
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FIGURE 5. Comparison of cases 1-3.
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matter who he or she meets in the decentralized market, and the surplus received
by the seller is independent of his or her money holdings. Therefore, we can write
the odd-period value function as

Vi(m) = ;v (m) + (1 — a){Bm[pg, ., + 1 — p)p}, ] +o). @7
where

3
vi(m) =y L m)y (m). (28)
i=1

In (27), o is a constant, and in (28), the indicator functions Iti (m), fori =1,2, 3,
are defined by

I'm)=1 if0<m<m!; I'(m)=0otherwise.

2.

IXm)=1 ifm! <m <m? I?(m) =0 otherwise.

2

l;

PROPOSITION 7. The function v, (m) is continuously differentiable form > 0,

concave for m > 0, and strictly concave for 0 < m < ml2

I}m) =1 ifm>m?* I’(m) =0 otherwise.

Proof. Note that v,(-) is clearly continuously differentiable at every point m >
0, except possibly at the critical points m!, m?. It remains to show that v,(-) is

continuously differentiable at these points. Observe that

dy!
dm

- ,B¢t2+1u/(.3¢z2+1mtl)
asm — m,1 from below. On the other hand, using (18) and (21), we find that

dy}
dm

- ﬂ¢r2+1“/(/3¢z2+1mt1)

asm — ml1 from above. Therefore, we conclude that v, (-) is continuously differ-
entiable at m,. Consider now the critical point m?. As m — m? from below, we

have 5
ay, I 2
d—m’ — Blpd)y + (1= p)o} ]
where we have used (23). For any m > mtz, it follows that
dy; (m)
c}—m = Blpgi1 + (1= )¢ ]

so that we conclude that v, (-) is continuously differentiable at mt2
To show that v,(-) is concave, notice that v/'(m) < 0 for any m € (0,m}) U
(m!, m?); v/ (m) = 0 for any m > m?; and v/(-) is continuous. This implies that

v, (+) is concave for m > 0 and strictly concave for 0 < m < mt2 |
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FIGURE 6. Value function.

We illustrate the value function in Figure 6. We will later show that (0, m?,,]
is the relevant region for the agent’s optimal choice of money balances in an even
period . The last proposition, together with this observation, then implies that,
from (3), and similarly to Lagos and Wright (2005), it is optimal for each agent in
a given location in an even period to hold the same quantity of money at the end
of the period.

5. DISCUSSION

In the model, the higher demand for money in centralized market 1 will tend to
make the price of money higher in market 1 than in market 2. This difference in
prices across markets matters, as economic agents are asymmetrically informed
when trading in decentralized markets, concerning which centralized market they
will participate in during the following period. To overcome the fundamental
friction in the model, in even periods money needs to flow to the markets where it
is valued more from the markets where it is valued less. In the following sections
we will show how this can be achieved through central bank intervention, or
through private financial trade across markets, in a manner akin to trading on the
federal funds market.

6. CENTRAL BANK INTERVENTION IN BOTH CENTRALIZED MARKETS

Suppose that the central bank can make lump-sum transfers but that these transfers
are constrained to be the same in each location in a given period, as well as being
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identical across agents in a given location. This constraint could arise if, for
example, the transfers were made electronically, an agent’s location was private
information, and the central bank had no memory of an agent’s past transfers.
Further, for simplicity, assume that the money stock grows at a constant rate from
one even period to the next. That is, let M, denote the aggregate money stock
during an even period ¢, where

M = Mth,

fort = 0,2,4,..., with My normalized to unity and © > 0. Note that there
are no money transfers in odd periods while agents are engaged in decentralized
exchange. The money transfer that each agent receives in an even period ¢ is then

=1 =@W - DM, _,.

Recall that, by construction, the beginning-of-period per capita money stock is the
same in each location. Because the central bank is constrained to make the same
lump-sum transfer in each location, it follows that the end-of-period per capita
money stock in each location is also the same. Given that there is a continuum
of agents with measure one, it follows that the aggregate money stock in an even
period ¢ equals the per capita money stock in each location.

Now, confine attention to stationary equilibria having the property that ¢/ =
¢'/u!, fori = 1,2, where ¢' is a constant for i = 1, 2. From (3) and (27), the
following first-order conditions must be satisfied for eacht = 0,2, 4, ...:

, fori=1,2,

i l_i 1+1_ 2
g_ﬂ{ o)+ (L a0BL0! 4 p)¢]}

t+1 2
M MH—

(29)

where nﬁ; 41 is the quantity of money acquired by the agent in period ¢ and available
to spend in decentralized trade in period ¢ + 1. Then, imposing the equilibrium
condition that ﬂz; =M = wu! fori = 1,2, and rearranging, we get

) fa.7 t 2 —
M+(1_ l)'B_[’O¢ +d p)(b]’ fori =1,2. (30)

1= :
¢! ¢!

PROPOSITION 8. If i > B, then ¢' > ¢? in a stationary equilibrium.

Proof. If 4 > B, then we must have th < m,+1 for eachz = 1,2, with at

least one strict inequality. To see this, note that, as m — m? 41 from below,

1
—¢,+ﬂ Vs = { ¢ +’3 [pg' + (1 — p>¢>2]},
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where we have used (23). When p > B, any stationary monetary equilibrium must
satisfy

i ﬁz 1 2
¢ > ?[w + (1= p)o~]

for each i = 1,2. If ¢! # @2, then there must be at least one strict inequality.

Therefore, the optimal choice of money balances in location i in an even period ¢

is such that m’ | < m?, for eachi = 1,2, with at least one strict inequality.
Notice that v; 4+1(+) 1s a decreasing function and that

() > Mﬁz (06" + (1 = )]

2

forall m > 0. In fact, it holds as a strict inequality whenm < m;_,.

equilibrium, we have !, | = m?, | = u' and

In a stationary

2
Bu'vly, (u') > ﬂ—z[pqs‘ + (1= p)$*].
n

Because a; > a», it follows that

2
a1 v (n') + (1 — o) %[M1 + (1 - p)¢’]

2
> aBu'v (1) + (1 — ) %[pqs‘ + (1 - p)¢?l,

so ¢! > ¢? in a stationary equilibrium, as claimed. [

If u > B, this implies that some cash constraint must bind in equilibrium, and
that a buyer faces a higher marginal payoff for holding money than does a seller
in the decentralized market. Because an agent in location 1 in an even period
has a higher probability of being a buyer in the next decentralized market, this
agent then must have a higher expected marginal payoff for holding money in an
even period. Because the quantities of money per capita are identical in the two
locations in an even period, money must have a higher value in location 1 than in
location 2 in equilibrium.

Thus, when the rate of money growth is higher than the discount rate, prices are
different in the two locations, and we know that this induces a private information
friction in monetary exchange in this model. That is, there is a friction here, in
addition to what would occur with full information, due to the fact that a seller
with a high value of money can extract some surplus from the buyer because the
buyer needs to induce self-selection.

PROPOSITION 9. u = B yields an optimal equilibrium allocation.
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Proof. As u — B from above, it follows that
Bu'viy, (1) = p¢' + (1= p)gp’.
From (30), it follows that
¢' = pop' + (- p)¢’

for each i = 1, 2, which holds if and only if ¢' = ¢> = ¢. Thus, as u — B from
above, we have

Iv/ t
Priv, W) 1= '),
¢
so that agents in both locations acquire enough money to get ¢* in the next
decentralized market if they are buyers. [ ]

Under a Friedman rule, all cash constraints are relaxed, and there is a stationary
equilibrium where ¢! = ¢2, so that prices are equalized in the two locations
in even periods. The private information friction is eliminated and the economy
collapses to essentially the same allocation studied by Lagos and Wright (2005),
for the special case where buyers have all the bargaining power. The efficient
quantity of output is produced and consumed in every bilateral match in the
decentralized market. Therefore, with the ability to intervene in all centralized
markets, the central bank is able to effectively saturate centralized markets with
real money balances, relax cash constraints, and accommodate differences in
money demand across markets. Thus, prices are equated across markets at the
optimum. However, when monetary policy departs from the Friedman rule, not
only does the standard intertemporal distortion come into play, whereby agents
economize too much relative to the optimum on money balances and consume
too little, but also there is a difference in prices across markets, which induces a
private information friction.

7. FINANCIAL MARKET TRADE BETWEEN LOCATIONS

We have assumed that, in even periods, there is no trade between agents in location
1 and those in location 2. Here, we will continue to assume that neither goods
nor people can move across the two locations. However, we will permit a bond
market in even periods where agents in the two locations can exchange outside
money (say, in electronic form) for claims to money in the next even period. This
of course requires that a bond issuer in period ¢ can be found in period  + 2 and
that the financial claim can be enforced.

Assume a market in an even period ¢ for two-period bonds, each of which sells
for one unit of money and is a claim to R;, units of money in period ¢ + 2. We can
then rewrite the budget constraint (1) of an agent in location i in an even period as

e+ @il + Qb =1+ ¢im+ ¢ Rb+ PT), 31)
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where b denotes the quantity of bonds acquired by the agent in period ¢ — 2 that
mature in period ¢. Given quasilinear utility, equilibrium requires that each agent
in each location be indifferent about the bond holdings in any even period ¢, or

¢i = B Ry [pd)r + (1 — p)pl,,]  fori=1,2. (32)

But these two conditions clearly imply that ¢! = ¢? in equilibrium, so that
prices are equalized across the two locations. This economy then collapses to a
basic Lagos—Wright structure with take-it-or-leave-it offers by buyers, and with
no private information friction.

Now, if the aggregate money stock grows at a constant rate in a stationary
equilibrium, as in the previous section, then (29) must hold, but now ¢! = ¢> = ¢
in equilibrium, and the stocks of money in each location are endogenous. That
is, in a stationary equilibrium, the per capita quantity of money in location i
is My’ in an even period ¢, where from (30) and the equilibrium condition
pM' + (1 — p)M? = 1, we obtain

132 1—,0M1
amM%HUﬂM5+%1—mE;¢=aﬁMWQ1M“Tj;—

182
+(1 - az);fb, (33

which solves for M, giving us the equilibrium distribution of money balances
between locations 1 and 2.

PROPOSITION 10. If o > B, then M' > M? in equilibrium, and the equilib-
rium allocation is inefficient.

Proof. If u > B, we have that i}, < u'*2q*/(B¢), for 1 even, and
ﬂﬂtvrlﬂ(’ﬁﬁﬂ) - :3_2
¢ n?

for each i = 1, 2. Because «; > «a, and n~1§+1 = My foreachi = 1,2 in
equilibrium, it follows from (33) that

v (M) < vy (M),

Because vy () is strictly decreasing for 0 < m < w'2q*/(B¢), we have that
M' > M?. The fact that ;. > B implies that it is not optimal for agents in each
location to take enough money to the decentralized market to get ¢g* if they are
buyers. [ ]

PROPOSITION 11. If u = B, there is an optimal equilibrium allocation.
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Proof. When i — B from above, we have

t v t Mi
Brlvi WMD) - 1=u'(g")
¢
for eachi = 1, 2. This implies that the efficient quantity is traded in each bilateral
match in the decentralized market. ]

Just as in the preceding section, a Friedman rule is optimal, but trading in
this cross-location bond market serves to equalize prices in the two locations by
moving money balances to where they would otherwise have a higher value. Thus,
there is no private information friction, even when money growth is higher than
the Friedman rule rate. The bond market plays a role much like the federal funds
market in the United States, except that in our model we have assumed that all
economic agents have access to this market. Note that, given trading on the bond
market, it is irrelevant what market the central bank intervenes in. Agents could
receive money transfers from the central bank in location 1, location 2, or both
locations, but the actions of the central bank can have no effect on the end-of-period
distribution of money balances between locations 1 and 2 in an even period.

8. NO INTERLOCATION TRADE, AND CENTRAL BANK INTERVENTION
IN ONLY ONE LOCATION

In practice, there is financial market segmentation that may be important for the
effects and conduct of monetary policy. In particular, not all economic agents are
on the receiving end of central bank actions, and we can capture this in a simple
way in our environment. As well in practice not all economic agents can trade on
the federal funds market or something comparable. In this section, as an example to
show the effects of limited intervention by the central bank and limited financial
market participation, we will assume that there is no trade between locations
during an even period, and that the central bank can intervene only at one location,
through lump-sum money transfers.

Suppose, without loss of generality, that the central bank intervention is confined
to location 1. Let M/ denote the even-period 7 per capita money stock at location
i. Given that the central bank intervenes only at location 1, M,1 can be treated as
exogenous, and we will have

M2, =pM! +(1—p)M}, =024, ... (34)

Now, consider monetary policies such that Mri+2 = /Lthi fort =0,2,4,...,
with M[1 / M[2 = §, where from (34), we have

=1+
—

$ (35)
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As should be clear, equation (35) reflects the fact that the central bank cannot
independently determine the money growth rate and the distribution of money
balances across the two locations. Normalize M| to unity.

PROPOSITION 12. Suppose that B is sufficiently close to one. There exists a
stationary equilibrium at the Friedman rule p = B where ¢' = ¢* = q* provided
that p € (1 — B2, p], where p solves

1+8-p

p=(1—pH—— . 36
p=0= B (36)
Proof. In any stationary equilibrium, the first-order conditions for the optimal

choice of money balances in each location imply that

o " t 2 1 1 — 2
1= 1/‘}#(];1“(# ) L _al)%w +;1 ol 37
and
aBu'v, 1<MtL> 2ol 2
" 21 + (1 —
I WoTtp) gy B U0 oy
¢ 2 ¢
forallt = 0,2,4,....Conjecture that ¢! = ¢> = ¢* is a stationary equilibrium
at u = B. Then (37) and (38) become
t+lv/ t
1:a1—’3 ’:1(’3)+1—a1 39)
and
1 o
i (0 5=5)
1= +1 -0 (40)
q*
Conjecture also that neither cash constraint binds. Notice that the right-hand
side of (25) becomes
2 q 11
m = = ﬁ
t+1 ‘8¢11+2

at the conjectured solution. From (26) and (27), we have that
Vi1 (m) = u(g") —¢* +¢*p~'"'m

for all m > m?, ., so that

+1°
i —t—1
v, (m) =q*p

for all m > m? . Therefore, both (39) and (40) are satisfied if both M! = B’ and

141
Mt2 = pB' /(B> — 1 + p) are greater than or equal to mtzﬂ, which involves a case
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3 optimum. Thus, we have that

P
CE T

so that the optimality conditions (39) and (40) are indeed satisfied at the conjectured

solution.

It remains to check whether the budget constraints are satisfied. In any bilateral
meeting in the odd-period ¢ + 1, it follows that d | = d*, = B'*'. This means
that each seller receives /+! units of money in exchange for ¢* units of the good.

Money holdings and nominal transfers are

1 '
mt+1 =M, =5,

- 4
= M2 == ! ’
ml+1 t ﬂ /32 _ 1 _|_ ,O
2
1 _ 1 1 2 _ pt (IB - 1)
T = Mt - pM[—z - (1 - IO) M[—2 - :3 m’
and
12 =0

fort =0,2,4,....2Consider an agent who leaves location 1 in the even-period ¢

with B’ units of money and becomes a buyer in period # 4 1. He spends '+ in the
decentralized market in exchange for ¢*. In period ¢ + 2, he ends up in location i
and works I/, so that

Lo =q" 41 aM] ) — $l 2Ty — ¢l B (1= B).
Thus, we have
o 1-8
I,=10,= *<1+ - >>0.
42 42 q 132 _ 1 + 0 132

If the same agent were a seller in period ¢ + 1, his budget constraint in period 7 + 2
would be

Lo =q"+ &l aMiys — $lintln — 91 B (1L + B).
Thus, we would have

P 1+p
lz+2_lt+2_q <1+ﬂ2—1+,0_ ﬁz )>O'

Consider now an agent who leaves location 2 in the even-period  with pg’ /(B> —
1 + p) units of money and becomes a buyer in period ¢ + 1. He spends g’*! in the
decentralized market in exchange for ¢*. In period ¢ + 2, he ends up in location i
and works I/, so that

i i i i i P
l’+2 = LI* + ¢t+2Mz+2 - ¢l+2rt+2 - ¢t+2’Bl (ﬁz——l—|—p a ﬁ)
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Thus, we have

B> —1+2p 1 o
M, =, =¢ | "—L)-¢" = | o— — 0.
142 t+2 q <,32_1+p qlgz ﬂ2_1+p :3 >
If the same agent were a seller in period ¢ 4 1, his budget constraint in period ¢ 42
would be

i * i i i i 14
liya ="+ $11aMiys = G107/ — G108 (m - ﬂ>'

Thus, we would have
BZ—142p 1 P
L R ) - = ——— > 0.
t+2 t+2 q (,32_1+/0 qﬁz 132_1+p+ﬂ s
|

PROPOSITION 13. At the Friedman rule i = B, there is no stationary equi-
librium with ¢ # ¢>.

Proof. In any stationary equilibrium with u = B, the optimality conditions
(37) and (38) must hold for all # = 0,2, 4, .... Recall that v,,(-) is a concave
function such that

vy (m) > B pg! + (1 — p)ep?] 41

for all m > 0. Notice that (37) and (38), together with (41), imply that both
¢' = pp' +(1—p) ¢’

and
> > pp' + (1 —p)¢*

must hold in a stationary equilibrium under the Friedman rule. But these conditions
are simultaneously satisfied if and only if ¢! = ¢>. [

These results are perhaps surprising. The fundamental friction that gives rise
to the private information friction in the model arises because of limitations on
flows of money across markets. In this example, in spite of the fact that there
is no financial market that permits flows of outside money across markets, and
the central bank is limited to intervention in only one market, a Friedman rule
achieves the equalization of prices across markets, and also eliminates the standard
intertemporal distortion. Our intuition might tell us that two policy instruments
are needed to correct the two distortions (the private information distortion and the
intertemporal distortion), but in fact one instrument is all that is needed. Under the
Friedman rule, the central bank withdraws outside money from market 1 in each
even period, so that the quantity of money per person is smaller in market 1 than
in market 2 in each even period. Thus, because no contracts are cash-constrained
under the Friedman rule, all agents from market 2, including the ones who are
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buyers, take more cash with them to trade in the decentralized market than they
will trade in exchange for goods. They are happy to hold this excess cash in
equilibrium, as the implicit nominal interest rate is zero.

9. CONCLUSION

In the model constructed here, the key frictions are market segmentation and
private information. Money demand differs across spatially separated markets,
implying that, in the absence of central bank intervention and financial trade
between markets, there will be price dispersion across markets. Thus, given asym-
metric information concerning future trading opportunities, there exists a private
information inefficiency that in general will be affected by monetary policy.

When there is financial market trade across markets, this eliminates price dis-
persion across markets in all circumstances, and the optimal central bank policy
conforms to a Friedman rule, which acts to eliminate an intertemporal distortion,
as is typical in many monetary models. However, given incompleteness in pri-
vate financial market participation, the central bank can still achieve an efficient
allocation by implementing a Friedman rule, but in this case the Friedman rule
eliminates not only the standard intertemporal distortion but also the private infor-
mation friction. Perhaps surprisingly, this result holds even if the central bank’s
participation in markets is limited.

In this paper we have explored a mechanism by which informational frictions
matter for the effects of monetary policy and for optimal policy. In contrast to Lucas
(1972), this theory does not rely on imperfect information concerning aggregate
shocks, but on asymmetric information at the level of individual exchange.

NOTES
1. Let S,l (m) denote the surplus received by a type 1 seller. It follows that S[l (m) = ,B(d)tl -
1 1
@2 m,for0 < m < m!; S}om) = qt*(m)(Z’z“ —1).form! <m < m?; and S} (m) = q}(z';' —,
t+1 t+1

form > th

2. Notice that p M, ,] +0-p)M, ,2 is the per capita stock of money in each location at the beginning
of period ¢ + 2.
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