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Abstract

We study the role played by coin experts, called moneychangers, in the metallic money
system. To do that, we introduce intermediaries that can expertise and certify coins into the
Velde Weber and Wright’s (1999) model of commodity money with imperfectly recognizable
coins. We show under which conditions buyers have their coins certi..ed, how circulation
by weight and circulation by tale equilibria are acected by moneychangers, and whether

moneychangers increase welfare.
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1 Introduction

In the metallic money system, the intrinsic content of coins o=ered in payment by buyers was
not readily assessable by sellers. This created an asymmetric information problem between
sellers and buyers who supposedly had more information on their own coins. Velde Weber and
Wright (1999), hereafter VWW, show that this asymmetric information problem generates two
ine¢cient outcomes. When the discount rate is high, heavy coins that are not recognized by
sellers trade below their full information value. And when the discount rate is low, unrecognized
heavy coins are simply hoarded. The authors refer to the ..rst situation as circulation by tale
and to the second as circulation by weight.

In this paper we amend VWW by introducing a special class of intermediaries, called mon-
eychangers, that can expertise and certify the intrinsic content of coins for a fee. Our goal is
to evaluate their impact on coins circulation and welfare. Precisely, we ask: 1) Under which
conditions do buyers ask moneychangers to certify their coin? 2) How do moneychangers im-
pact the circulation by weight and circulation by tale equilibria displayed in VWW? 3) Do
moneychangers increase welfare?

We show that the certi..cation of heavy coins is always an equilibrium as long as the discount
rate is neither too low nor too high. We also show that moneychangers limit circulation by
weight and circulation by tale to situations in which the fraction of informed sellers is high, and

that circulation by tale always survives the introduction of moneychangers for high values of



the discount rate. In terms of welfare, the introduction of moneychangers that triggers a tran-
sition from a by-weight equilibrium to an active moneychangers equilibrium is always welfare
improving, but welfare is higher in circulation by weight when the two equilibria coexist. By
contrast, the introduction of moneychangers that triggers a transition from a by-tale equilib-
rium to an active moneychangers equilibrium is always welfare worsening, and welfare is also

higher in circulation by tale when the two equilibria coexist.

2 The Model

The environment is VWW to which we add coin assayers. There is a [0,1] continuum of
in..nitely lived agents and there are I > 3 types of goods. A type k£ € [ agent consumes
good k and produces good k£ + 1. Agents meet bilaterally according to an anonymous random
matching process with arrival rate «. Money is in the form of gold coins coming in light (L)
and heavy (H) weight. Let M; be the measure of agents endowed with coins of type i = {L, H}
so M = My + Mj, represents the fraction of agents that are buyers and 1 — M represents the
fraction of agents that are sellers, also called producers. Each coin yields a positive periodic
Tow of utility +, proportional to its weight (or intrinsic content) so that ~; > ~;. A buyer
always knows the type of his coin. By contrast, when matched with a buyer, the seller receives a
common knowledge signal that reveals the weight of the coin held by the buyer with probability
6. The signal is uninformative with probability 1 — 6.

To circumvent the information problem, buyers can pay § to a moneychanger in order to



have a certi..cate of quality attached to their coin. We assume that moneychangers accept all
goods in payment and value them identically so that each buyer can resort to a moneychanger.
Also, if a seller is to accept a coin with its certi..cate, he must pay ¢ to the assayer to use the
certi..cate the next period.t

Let Vo, VL and W = max(Vy, Vo —9) be the steady state value functions for, respectively,
a producer, a holder of a light coin and a holder of a heavy coin before he decides whether to
visit an assayer, where Vy is the steady-state value function of not expertising the heavy coin,
and Vgc that of expertising the heavy coin exclusive of the fee 5. When trade takes place,
a type i coin is exchanged against a quantity ¢; of goods given by a take-it-or-leave-it ocer
made by the buyer. Producing ¢; costs ¢(g;) = ¢; and consuming ¢; yields u(g;) = (¢;)® with
a € (0,1). As in VWW, we note g the amount a buyer gets from an uninformed seller and
G = 1 the quantity such that «(¢) = 4. We de..ne ¢ = (qr,qm) as the quantity vector.

Also, as in VWW, we note \;; the probability that a buyer with a coin of type i € {L, H}
wants to trade with a seller of type j € {K,U} where K means that the weight of the coin
is known and U the weight of the coin is unknown to the seller. Similarly, let \c be the
probability that a buyer with a certi..ed heavy coin wants to trade with a seller. Finally, let

Y. be the probability that a random buyer with a heavy coin have it certi..ed and let o be the

1 Coin assaying by moneychangers (also called coin-assayers or money-assayers) involved a series of costly
operations. Weight was determined using precise scales, and ..neness was estimated using a set of touchstones.
The touchstone test consisted in rubbing a coin on a special stone and comparing the color of the trace left with
that of needles of known ..neness. A more precise assay consisted in melting down the coin in order to weight
the remaining precious metal (Gandal and Sussman, 1997, p. 443-444). See also De Roover (1948) for the study
of moneychangers in medieval Bruges.



corresponding individual best response. At the symmetric Nash equilibria, o = 3. We de..ne
¥ = (ALK, A\LU, \HK, AHU, AC,0) as the strategy vector. Note that holders of light coins never
visit assayers.

Noting 3 = 4 (1 — M), the Bellman equation for a buyer with a light coin is?

rVi =5 + 360 IilLalic Ak [u(qr) —qr] + B(1—0) IilfUX ALv [u(q) —qL] = rqr. @)

Eqg. (1) sets the fow return to a buyer holding a light coin, V7, equal to three parts. The ..rst
part corresponds to the return on holding the light coin, ;. The second part corresponds to the
probability that he meets an informed producer, 56, times the net gain from trading the light
coin against qr,, u(qr) — qr,, times the probability that he decides to trade with him, A\rx. The
last part corresponds to the probability that he meets an uninformed seller, 5 (1 — @) , times
the net gain from trading the light coin against the quantity traded in uninformed meetings g,
u(q) — qr,, times the probability that he decides to trade with her, ;.

The Bellman equation for a buyer with a heavy coin, before he decides whether to certify
the coin, is

W = max{o (Vac —0) + (1 =) Vi} = qm. )

If a buyer does not certify his heavy coin, his payo= is

Vo =~y + BHTF?I}{()\HK [w(qr) —qu)+ 5 (1—0) I)I;Ia;{)\HU [w(@) —W]+W -Vg. @)

2The equations (1) to (4) below are derived from the developed model displayed in the appendix.



If he does, his payo= is
rVac = vy + 5 max Ac [u(qa) — W]+ W — Vie. @)
C
When o = X =0, inserting the bargaining solution W =V = ¢y in equation (3) gives
rqa = vu + B0 max Amx [u(qm) — qu) + 5 (1 = 0) max gy [u(q) — qn] - ®)
HK HU
When o = ¥ =1, inserting the bargaining solution W = Vo — § = qi in equation (4) gives
rqr =g + B maxAc [u(gn) — qu] = (1+7)0. 6)
C

Equations (3) and (4) below have a similar interpretation to (1).

The );; must satisfy the following incentive conditions: for i € {L, H}

o 1 ifu(g) —q >0

Nk = { 0 otherwise, Q)
o 1 ifu(@ —¢ >0

Mg = { 0  otherwise. ®)

Finally o is given by (2) and from (3) and (6) we conclude that \c = Agx since W = qg.
3 Equilibria

De..nition 1 A symmetric steady state equilibrium is a vector of quantities ¢ and strategies ¥

such that: (¢) : ¢ satisfy (1) and (5) or (6); (ii) : ¥ satisfy (2), (7) and (8).

To see how moneychangers acect the pure strategy equilibria displayed in VWW, we dis-
tinguish between equilibria where moneychangers are active, 0 = X = 1, and equilibria where
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they are not, o = X = 0. The generic condition for moneychangers to be inactive is given by

Vg > Vye —6. ©)

Focussing on equilibria where recognized coins circulate (A x = A\yx = Ao = 1), using (3) and
(4), replacing W by Vi = qi on the left side of (9) and W by Vo — § = g on the right side,

this inequality transforms into

B0u(qr) — qu) + B (1 —0) Agy [w(@) —qu] > B [uler) — qu] — (1+71)46. (10)

3.1 Equilibria with inactive moneychangers

Moneychangers are inactive when buyers holding heavy coins have no incentive to pay for their
service (o = ¥ = 0). Then, circulation by weight corresponds to a situation where heavy coins
are not traded in uninformed meetings but still agents do not certify them. The strategy
whether to trade a certi..ed heavy coin is then irrelevant so that ¥ = (1,1,1,0,_,0).

As in VWW, the two coins circulate in informed meetings if u(qr) > qr and u(qn) > qm,
which simpli..es into > 4,2 and heavy coins do not circulate when not recognized if u(qr) <

qm SO that the by-weight frontier 6 = f,,(r) is de..ned by

rqr = v+ Blulqr) — qr] 11)
rqn = vu + 80 [ulqn) — qu] 12)
qr = u(qr)- 13)

¥To see this note from (7) that \ix = 1 <= u(q) —q; > 0<= ¢ < § or rq; < rg. Inserting ¢ into (11) and
(12) to obtain rqr. = v, and rqu = v, and using ¢ = 1, this yields r > v, > ;.
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Figure 1. By-weight and active moneychangers equilibria

In addition to VWW, inserting Ay = 0 in (10) yields the following condition for money-

changers to be inactive

(147)6>p1=0)[ulgn) - qul- (14)

This inequality says that for moneychangers to be inactive, we need the cost of expertise to
exceed the bene..t which is the gain from trade on unrecognized heavy coins. This condition
generates a ..rst moneychanger frontier, M CF1, as the solutions to (12) that satisfy (14) with
equality for a given 4. It is represented in Fig. (1). All points in the (r,6) space above this

frontier are consistent with inactive moneychangers in the by-weight equilibrium.*

4This ..rst moneychanger frontier, as for the next one, cannot be characterized analytically so that it is
simulated using Mathematica algorithms available on request. We use the same parameter values as in VWW,
that is « = 0.7, v, = 0.02, v5 = 0.04, Mg =0.2, M1 = 0.3 and set additionally 5 = 0.67 and ¢ = 0.005.



In circulation by tale, agents do not certify heavy coins so that they trade at the same
price as light coins in uninformed meetings, thatis ¥ = (1,1,1,1,_,0). As in VWW, the two
coins circulate in informed meetings if u(q;) > qr, and u(qy) > g, which again simpli..es into
r > vy, and heavy coins circulate when not recognized if u(g) > g so that the by-tale frontier

0 = fi(r) is de..ned by

rqr. = v +B80ulqr) —qr]+ B(1—0)[u(q) —qr] (15)
rqp = g+ B0ulqn) — qu] +B (1 —0) [u(q) — qu] (16)
qg = u(q). A7)

Inserting Az =1 in (10) yields the following condition for moneychangers to be inactive

(1+7)0> (1 —=0)ulqn) —u(q)] (18)

which says that the cost of expertise needs exceed the bene..t, which is the dicerence between
what a buyer gets with a recognized heavy coin and an unrecognized heavy coin®. This condition
generates a second moneychanger frontier, M CF2, as the equilibrium solutions of ¢z to (15)
and (16) that satisfy (18) with equality for a given §. It is represented in Fig. (2). We note 7,
the threshold value for » such that M CF 2 reaches the horizontal axis when 6 = 0. All points
in the (r,0) space above this frontier are consistent with inactive moneychangers in the by-tale

equilibrium. Note that this frontier as for M CF'1 shift up as J decreases.

®Note that this condition and (14) have a lot in common with the condition under which agents put their
money into banks in He, Huang and Wright (2005). In He, Huang and Wright, agents put their money into
banks for safety reasons, while here agents buy a certi..cate for recognizability reasons.
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Figure 2: By-tale and active moneychangers equilibria

3.2 Equilibria with active moneychangers

If moneychangers are active, then o = ¥ = 1 and the strategies whether to trade uncerti..ed
heavy coins (Agx and Agy) are irrelevant so that ¥ = (1,1, —,—, 1, 1). Also, the information

problem has disappeared so that light coins always trade at their full information value. The

model becomes

rqr = v+ B u(qr) — qr] (19)
Ve = Yag+aqu— Vo (20)
rqg = Y+ Blulgr)—qu] —(1+7)d. (21)
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Using the same procedure as in footnote 3, recognized light and certi..ed heavy coins circulate
if r > quﬂr%s ~ 0.035 with our parameters so that vy > 15;65 >~ . In addition, note from
(21) that the "'real™ periodic return on certi..ed heavy coins isnow v, — (1 + ) d. This imposes
that » must below some threshold, noted 7, otherwise (21) would not have a solution (more is
said on this below).

For moneychangers to be active, the payoa must satisfy Vyc — 6 > Vg which transforms
into

Blulgn) —qu] > (1 +1)4. (22)

This inequality says that the bene...t derived from trade needs exceed the cost of expertise. This
de..nes a third and last moneychanger frontier, MCF' 3, as the solutions to (21) that satisfy
(22) with equality for a given 6. Contrary to M CF'1 and MCF2, because the recognizability
problem has vanished thanks to moneychangers, this third frontier simpli..es into r < 72 with 7
independent of #. It is easy to see that > 75 > 71 so that in the end heavy coins are certi..ed

by moneychangers if r € [lqﬂfbé,@] as represented on Fig. (2).5

4 Results and Welfare

First, moneychangers certifying heavy coins is an equilibrium if the discount rate has reasonable

values. If it is too small, heavy coins are hoarded; if it is too big, gains from trade are too small

®The proof is by contradiction. Assume 72 > r > 7. According to 72 > r, heavy coins are certi..ed. According
r > f, certi.ed heavy coins do not circulate, in which case they are not certi..ed, which contradicts 7, > r.
Therefore 72 < 7. Assume now that 7, > r > 72. From 71 > r we derive that moneychangers cannot be inactive
in by-tale equilibrium, and from r > 7> we derive that moneychangers cannot be active, which contradicts 71 > r.
Therefore 71 < 72
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to compensate for the cost of certi..cation. Second, moneychangers reduce both circulation
by weight and circulation by tale to situations in which information on coins is abundant.
Intuitively, should a seller not recognize the buyer’s heavy coin, the buyer can still wait for
another seller who will recognize his coin with a high probability. Third, circulation by tale
always survives as an equilibrium for high values of the discount rate whatever the cost of
expertise. Intuitively, when r is high ¢ and ¢z are low, so that in unrecognized meetings
certi..cation (which is costly) does not improve the situation compared to trading heavy coins
atq.

What about moneychangers’ contribution to the economy’s welfare? The welfare function

in each equilibrium is de..ned as the weighted average of lifetime utilities across agents’ types

(appendix 2 displays these functions). The following propositions resumes our results:

Proposition 1 The introduction of moneychangers that triggers a transition from a by-weight
equilibrium to an active moneychangers equilibrium is always welfare improving. When the two

equilibria coexist, welfare is higher in circulation by weight.

Proof. See Appendix. B

Proposition 2 The introduction of moneychangers that triggers a transition from a by-tale
equilibrium to an active moneychangers equilibrium is always welfare worsening. When the two

equilibria coexist, welfare is also higher in circulation by tale.

Proof. See Appendix m
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Certi..cates are purchased by buyers holding heavy coins only if the net bene..t is positive.
Therefore, in the by-weight equilibrium, since buyers holding light coins are indicerent to
moneychangers, whether welfare is higher with active moneychangers entirely relies on buyers
holding heavy coins. If they choose to pay for a certi..cate, their welfare must be higher (zone A
in Fig. 1) and the economy’s welfare is higher. In the by-tale equilibrium, however, the decision
by heavy buyers to visit moneychangers also impacts on the welfare of buyers holding light coins
in a way that makes the economy overall worse-oa with active moneychangers. To see this, note
.rst that in circulation by tale, agents are better o@ when coins are imperfectly recognizable
than when there are not. As a matter of fact, because of risk aversion, agents prefer to get
g in (1 —6) meetings than ¢, in (1 —60)(1 —7) meetings and ¢ in the remaining (1 —0)
meetings. Second, when coins are fully recognizable, agents are better o= in circulation by
tale than with active yet costly moneychangers. These two observations imply that agents are
always better o= in a by-tale equilibrium than in an active moneychangers equilibrium.

To summarize, moneychangers help mitigate the asymmetric information problem in the
metallic money system. Depending on the price they charge, circulation by weight and cir-
culation by tale more or less survive as equilibrium circulation. Because of the fee, however,
circulation by tale remains the only option when a high discount rate drives the gains from trade
to negligible quantities. In terms of welfare, moneychangers only improve the situation of heavy

coins holders so that welfare increases from circulation by weight, but falls from circulation by

13



tale.
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Appendix

A.l. The developed model

Noting = = «/I and ¢, the quantity traded for a certi..cate, we have

Vo = m +aMr0 Aok (Vi —qr) + (1 = Apx) Vol + M (1= 0) [Arv (Ve — @) + (1 — A\w) Vo)

{ aMp {(1 =)0 Aux (W —qu) + (1 = Auk) Vol + X [Ac (W = ge) + (1 — Ac) Vol } }
+xMpg (1 =) (1—0) Aagv (W —q) + (1 — Agv) Vo] + (1 —aM) Vo

1 Yo+ (1= M)0maxy, . [Arru(qr) + (1 — Ark) Vi)
Vi, = T +x (1 — M) (1 —0)maxy,, [A\rou(@) + (1 — A\ow) Vi)
tr +l—z(l— M)V,
1 Y+ (1 —M)Omaxy,, [Anxu(qn) + (1 — Agx) W]
Vi =177 +tel—M)(1—0) maxy,, Arvu(g) + (1 - Auu) W]
T Y —z(l— M)W
_ 1 + 2 (1 — M) maxy, [Acu(qe) + (1 — o) W]+
VHC_1+7~{’YH +[1—Ax(1C—AgI§]W ¢ }

Take-it-or-leave-it ozers by buyers are such that

W—-qu = W
W—-qc = W
Vi—q = W

where

o Mww(-%)
MLy + Mgy (1 = X)

16



such that Vo =0. Then ¢z, =V and qg = gc =W and ¢ = mqu + (1 — 7) qr.

A.2. Proof of Proposition 1

In general, equilibrium value q;, and ¢;; are not the same across equilibria. We note ¢, g%t
and ¢¢™ the equilibrium quantity traded respectively for a coin of type 7 in a by-weight, by-tale
and active-moneychangers equilibrium. They are given by (11)-(12), (15)-(16), and (19) and

(21).

In each equilibrium, welfare noted W E is given by

rW By, = My {8 [ul@h”) = di*| + 7o} +Mu {80 [ulalf) —di| + v}, @)
rWEy = My {860 [ulaf) —dt] +8(1-0) [u@) - dff| + .} (24)
M {30 [u(alh) - | + 81— 0) [u(@) - | + v}
and
rW Eum = M {B[u(g™) = g8 + 71} + Mar (Bluldff") - aif") + vy — (1+7)8)  (25)
From (14), on MCF1 we have
(1 +r)a=80-0)|u(dy)-a]. (26)

Inserting this into (12) gives 7¢%¥ = vy + B [u(d}y) —d}y] — (14 7)d identical to (21) so
that ¢% = ¢%" on MCF1. From (11) and (19) it is clear that ¢4 = ¢%™ as well whatever

17



(r,0) € [yH, o] % [0,1]. Therefore, using (26), (23) can be rewritten
TWEpy = ML ABu(qr™) — ai™ + 70} + Mu {8 [ulgg™) — 4i" ]+ — (1 +7) 6}

so that rWEy, = rWE,,, on MCF1.

Now note that d (rWEg,) /dd = 0. However

L) s Lo iy 0~ d 0)] +0 2L (u [y 0] 1)}

Totally dizerentiating (12) yields r.%bgi =B {u [ (0) — gy ()] +9.%%ﬁ. (v [dhy (0)] — 1)}
so that d (rWEy,,) /df = r.d—ggi > 0 since equilibrium ¢4 increases with ¢. Therefore, because
W Eqn, is constant whatever 0, W E,,, > WE,,, for any value of # equal or above that of the

MCF1, and W Ey, < W Eg,, for any value of 6 below that of the MCF1.

A.3. Proof of Proposition 2

Grouping all the terms in § and (1 — 6) in the by-tale equilibrium, we obtain

rWEy = Q{ML»B [U(qgt) - qﬂ + Mup [u(q%) N q?ﬂ }

+(1-0)p {(ML + Mp)u(g@™) — (MLQ% + MHQ%) } +Mpy + Mgy

From the concavity of u, we have u(¢") = u [mq}; + (1 — ) ¢}'] > mu(dhh) + (1 —m)u (¢}).

Using the de..nition of = we get (Mg, + Mp) u(q®) > Mpu (¢}) + Mpu (¢%) so that rW K, >

18



rW E (6) whatever 6 with
TWE(©0) = 0418 [ula) - off] + M [uldh) - aif] }
+(1=0)8 { M (o) + Maru () = (Mgl + Muad) b+ Moy + Mury
which simpli es into
rWE (0) = My {8 [ulal?) = ]+ } + Mur {8 [ulaff) — dif] +1}.

Note now from (15)-(16) and (19) that when 6 = 1, qlf = ¢¢™, and from (15)-(16) and (21)
that ¢% > ¢¥" so that rWE (0 =1) > rW Eam. Because rW Eqy, is invariant with 6 but

rWEy>rWE (6§ =1),we conclude rWEy; > rW Eqn,.
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