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Abstract

The literature on media of exchange has a standard example of indirect exchange being dominated
by direct exchange. This casecurs under the assumption afiditive transactiogosts. In
particular, if for an agent who is exchanging good i for good j, the cost of sale (s) and purchase
(b) are represented by C J+bC we find that introducing good m as a medium of exchange will rise
his total transaction costs tg C +*C  +°C fP C . Hence, the agent prefers direct exchange. From
here it is frequently concluded that other costs (or settings e.g. incomplete information) have to
be examined iorder toexplainthe use of money (m). However, the present paper exemplifies
that if double coincidences of wants are absent it can be beneficial to introduce money already for
additive transactioncosts. Theadditive transactioncosts form representsthe physical
characteristics of goods. Hence, the paper demonstrates that the physical properties of media of
exchange matter. We show under what conditions commodity money might emerge and when it
will be dominated by fiat money in this setumatly we consider the possibility of agent specific
transaction costs and resulting trading posts, again we find that a certain fiat money can dominate
such arrangement.

JEL classification: D70, E49
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1. Introduction

Two of the centraissues in monetary economigse (1)why agents wouldely onthe use of
apparently worthless paperomey ,and (2) why indirect exchange via media of exchange is
preferred to direct exchange. This paper features a model addressing the latter issue, in particular
we examine whyertain modes and media of indirect exchange are preferred to others. Hereby
it will be shown that the physical characteristics of money (low transport costs, cognizability) -
which are usually in the literature represented by additive transaction costs - matter. Even though
in textbookdefinitions of moneyhesephysicalfeatures have received a great deal of attention
formal explanations of their importance have bese® The presemhodelfills this gap, in
particularly weshow that - once double coincidences of waate absent - thehysical
characteristics of media of exchange might suffice in order to rationalize their use.

One branch ofhe literature on the secorssue aims tdocus on thevay in which money can

make exchange less costly ‘an oil to the economic machine’. However, when examining the cost
of exchange there is a standard example in the literature which shows that for additive transaction
costs direct exchange dominates indirect exchange Jones (1976, p.761), Oh (1989, p.103) and
Ostroy and Starr (1990, p.40).

The example is the following: The cost, (C ) to an agent who trads i for j is divided into costs of
sale (s) and costs of purchase (b); in particular, G° = C,:b + C ,wherd C, C > 0. Facilitating this
via indirect exchange instead, by invoking a good m the total cost of exchange woyld bg,C +C
=C+CG°+C5+ q:b which is obviously greater that the cost associated with direct exchange.

Cim"'ij:QS"'q;b +Qb +° >C +je :le (1)

Since monetary exchange psr definition indirect it is concluded thdhe use ofmedia of
exchange could never beneficial iftransaction costs were only additive. For example Ostroy
and Starr (1990, p.40) conclude:

“Because arguments basedtbr physicalcharacteristics of commodities or on
transport costgypically have this additivéorm, they wll have a limitedole in

2. Similarly, it is a puzzle why an agent would accept a commodity as a medium of exchange (commodity money) that
might give him less utility than the good he gave up in exchange.

3. A notable exception iKiyotaki andWright (1989) who present a matchingodel - see below - in which the
storability of goods (also an intrinsic physical feature) matters for their ability to become media of exchange.

4. A double coincidence of wts occurs when agent A wants to trade good 1 for good 2 and meets agent B who wants
to trade good 2 for good 1.

5. For a compleat discussion see Niehans (1969, pp.706-708) or Jones (1976, pp.757-759).
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explaining thefunction of a medium of exchange as welli@sspontaneous
emergence.”

Hence, the authors proceedexplainthe use ofmedia of exchange viasthertypes ofcost or
restrictions on the environment. For example search costs, the time needed to find an agent willing
to accept wat onegot onoffer, here a commomedium of exchange rapidly increases the
probability of a match, see Jones (1976) or an extension of Jones model in Oh (1989).

Jones (1976, p.775) proposes on the underlying theme of this branch of models:

“(...), theapproach suggests thavery commorgoodwould emerge as fast
commodity money in &arter economy. The important point is that this
commonness is a market characteristic of goods rather than an intrinsic physical
characteristic such as portability, divisibility or cognizability.”

A more complex environment of matching and the resulting use of media of exchange is analysed
in Kiyotaki and Wright (1989).

The analysis of this paper will show thabntrary to the above claimed - physical characteristics

of goods, which are represented by additive transaction costs, might already be sufficient in order
to rationalize the use ohedia of exchangdience, in relation to the quotation by Ostroy and
Starr, this paper concludes that a setupdtdfitive transactiomostssuffices to explain the
function of money. Additionally, this setup gives also insight into how certain modes and media
of exchange might emerge within the economy.

The paper derives conditions tirerelative size of transactiaosts,stating when commodity

and fiat money respectively might emerge. Whereas the search cost models have to rely on limited
information in order tanotivate the use ahoney,the agents imur setup know a great deal

about the economy. In particular they know who has the good they want and who wants the good
they have - still the use of media of exchange might be beneficial.

The model depends crucially on the absents of double coincidences of wants. However, this is no
peculiarity inthe context of monetamyodels. Also the models of Jones (1976) and Oh (1989)
are driven by the absence of double coincidences of wants, without explicitly naming it. Agents
do not know who got the good they want and who demands what they got. Hence, their models
consider an agents subjectipmbability of encountering ttader that wants to trade i for |
represented by pp. Where g (p) is the probability of dealing ini (j), which is set to be equal for
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both buy and sell probabilities. The number of expected encounters before a double coincidence
of wants occurs (given that lamt to trade j for i) is 1/gp. Notheir equatior(5) states that

indirect exchange (usingpod n) vill be beneficial if 1/pp > 1/pp + 1/p @ince waiting is

costly. As pp goes towards zero, the condition will be fulfilled for some medium of exchange n.
Of course is 1/pp nothingut a measure of the degree of absents of dauleidences of

wants; as the expressiosesthe possibility of adouble coincidence shrinkspt because the
required trade partner does not exist but because he can not be found.

Also Ostroy and Starr (1974) depend on the absents of double coincidences of wants. Opposed
to both the Jones typaodel andhe presenmodel they danot utilise transaction costs, but

rather examine what trading rule can bring about efficient exchange. Agents only know who got
the goodthey want andvho desirers thgoodthey haveput do not know how thehain of
consistent desires with no double coincidences is composed, i.e. agents do not understand what
intermediate good will be acceptable to their trade partners. Hence, they highlight how common
media of exchange can circumvéhé hugeinformational requirements dfarter trade, that
emerge as soon as double coincidences of wants are absent.

By explicitly using additive transaction costs and the absents of double coincidences of wants, the
present model merges the literature on transaction costs as in Jones (1976) and Oh (1989), with
the examination of indirect exchange in the tradition of Wicksell or in Ostroy and Starr (1974).

The present approachnstintended to be a more realistic descriptionhafbenefits of using

money, in fact | would argue that the seacdstmodelsare preferable in terms akalism.
However, the model proofs that already in one of the simplest environments possible - namely by
using additivetransaction costs - the introduction aédia of exchange might teeneficial.
Moreover, since additive transaction costs are usually taken to represent the physical properties
of goods, we end up at a model that illustrates that the physical features of money matter.

Section 2 describdbe setup of the present model, states the core assumptions and defines the
central terms, in particular what type of costs the examined additive transaction costs might be.
Section 3 proceeds with a simgeample that falsifiethe claim of the inferiority of indirect
exchange whiclhvasgiven in inequality (1). We follow up with a generalisatiors@ction 4,
propositions on the conditions for theneficialuse of media of exchange are derived. Section

5 discussethe emergence alommon media of exchange. daction 6 we extend the present
model considering disequilibrium pricesrther the possibility of trading posts and agent specific
transaction costs aexamined, in particular weillvstatewhen fiat money can dominate an
otherwise superior trading post arrangement. Finally section 7 concludes the paper.
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2. The Model Setup

The model features agents and goods of a similar specification as in Jones (1976) and Oh (1989).
However, agents in our setup have full information, and the assumptions on transaction costs and
exchange differ.

The agents or traders of the model produce each a different good (one unit per trading round).
Agents utility functions depend on tbh#imately consumed good, the good that would maximise
their utility is produced by one of the other agents. Hence, there isethe@ forexchange.
Alternatively, wecould assume that in each tradiogind agentexchange towards a different

good, thus composing their optimal bundle over several rounds. Goods are measured (produced
and desired) in units such that the price of goods in terms of some abstract numeraire is equal to
1. Thus, the only possible exchange is of the nature one unit for one unit. Agents production and
desires are such that marlaearing Wl prevail at given prices. Thisetting amounts to
Walrasian auctioneer prices.

At the beginning of a trading round the agents have a trade proposal T which denotes their desire
to trade i for j. Within a trading round there are several trading instants, which each consist of one
or more_bilateramatches of pairs of agents. Since the agents in the model knoyv the T 's of other
agents they cawillingly aim at other agentsExchange caonly be &ecuted at quighro quo

That is, when ever an agentgives up agood toagent B he needs to be compensated by B
immediately. The first trade instants will be cases of double deince of wantin particular such

that an agent with,T meets an agent wjth T . After all double coincidences of wants are exhausted
circular chains oho-double coincidences of wantdl prevail. That theremaining exchanges
always can be decomposed into one or more circular chains is formally shown by Ostroy and Starr
(1974, pp.1100-1). The shorteshain would be of the nature;T , T, TThis resembles
Wicksell's popularexample of A wanting téerade wheat fofish, B wanting totradefish for

timber and C wanting teradetimber for wheat. Largecircles might remain; weenote the
number of agents involved in a particular chain by n.

Exchange is costly. In particular the transaction costs are of an additive Adsorare the costs

to one agent nakvenue to any other agents, we think of them as executed in terms of time or
effort. Onepart of the cost iassociated with theales action andne with thebuying action.

Hence, thdérade proposal T has the associated basic transaction;asbtc@ in turn is given

by C* and € such thaf C =°C #*C . The differefit C ahdu@ known taall agents for all
goods .

Agents take prices and transaction costs as given. Utility maximisation ensures that the sequence
of meeting other traders and engaging in exchange minimises total transaction costs. However,
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here emerges the problem that a trader might not want to participate in exchange after all, at the
resulting transaction costs. The standsotution to this conflict is to assume that agents
expectations of encountered transaction costs are ex-ante correct.

Finally, themodel allowsfor the introduction offiat money m. Following Laidler§1992)
definition in the new Palgrave dictionary, fiat money has two features, it is government issued and
represents no claim on either a commodity or an asset. Hence in our model, fiat money is a good
which gives no utility to any ofhe agentS. One unit is handedt to every agent by a
government. The government enforced budget constraint demands thatdmd of a trading

round each agentust end up at the same m balance that they started with. Put differently, only
between trading instantsay agents accumulate or deteriorate tfeiding of m. Negative m
holdings (credit) are not permitted. As mentioned in the introduction and as discussed by Laidler
the puzzle about fiat money is how its value is determined, why agents adjoin value to intrinsically
valueless papér. The present paper does not discuss how the value of fiat money is obtained. To
be explicit: This model proposes theory of price formation!

What type of transaction costaght be described e additive form2Costs of transporting

goods to and fronthe location where another trader is encountered. Costgoofmation
exchange, were agenitsive to describ¢he goodthey offer or describe what thelesire.
Inspection cost might be a classic interpretation: agents have to verify what good it is they offer
and/or invest effort into examining the good they are about to purchase. This might include cost
of weighting and measuring, in general costs associated with assessing the value of goods. Note
that here theognizability (mentioned ithe above quotation) @oodscomes in. We can also
reinterpreat storage costs into the additive form from above. In a different setting Niehans (1978,
pp.113) shows how (withiperiod) storage costs can motivate the use of media of exchange. In
particular, in order to impose the additive transaction cost form we assume that exchange (trade
instants) would occur inbetween periods while production and consumtion would occure in the
middle of each period. Like this the initial owner and the final consumer would only endure half

a period of storage costs, while agents that use a good in intermediate exchange encounter a full
period of storage costs.

6. In fact it is not important whether or not the good m gives utility, since it can due to the budget constraint never be
consumed anyway.

7. Laidler (1992) points out that commodity money and credit money really feature the same puzzle, by exchanging for
values higher than their intrinsic value.
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In all the examples the physical features of goods matter for the size of the cost.

3. A Simple Example

We turn now to a simple example which shows that in the above setup with additive transaction
costs fiat-monetary exchangeight bepreferred to non-fiat-monetary exchange. Hence, the
conclusion derived from inequality (1), namely that monetary exchange will not be beneficial in
settings of additive transaction costs is falsified.

The pitfall ofthe analysis in(1) is that wehavenot considered the costs endured by the other
tradersinvolved. In particular we hawenly considered the situation of trader i. As soon as we
have a circular chain efaders with no double coincedents of wants the situation changes. Say
we are after the first instants of trade left with a circle of no-double coincidences of wants of size
n=3.

Agent 1 Agent 2 Agent 3
T, T, T,

ij J

Remember that traders can only meet bilaterally, and have to deal at quid pro quo. For example
one possiblgattern ofresolvingthe situation would be that agent 2 first purchases a good he
does not want in order &xchange it fothe good he wants in a later instant. Any agent could
take on this role via simple relabelling.
We get the following cost pattern for non-monetary bilateral exchange of this kind:

G G +G G
Which gives:
(*) :CiS+C]b :C}S"'Cb"'cs"'@b :sz +iC)

Agent 2 has purchased good i in order to sell it on to agent 3.

If we now introduce fiamoney m inthe abovanentioned fashiothe situation changes. For

8. Note that most of the suggesteathsaction costs have a time dimension. In general the important thing about money
is time - as pointed out by Keynes. However, the literatuiiedimect exchange does not model this dimension explicitly
- the present model continues in this tradition.
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example assume agent 1 meets agent 2 (A1, A2). They have a | rr]&tcjkf (C , C) which they can
cover by a m transaction (€ , € ). Note that Agent 2 now has more m than at the beginning of
the round. The costs of this trade for each agent are:

:c:Jb+Cns :Cj:s_l_qb :O

Now we match (A2, A3)They will exchange k (¢ , € ) viam (€ ,'C The costs of this
exchange are:

=0 =GP + G =@+ G

Now agent 3 got an additional unit m. Finally we match (A3, Al), they have a double coincidence
of want. Agent 3 vl buy good i from agent 1, paying with his extra unit of m; the markets are
cleared. The costs of this exchange are:

=C°+ G =0 =¢ 4@

It is now obvious that we can represent the costs of monetary exchange by:

Cim"'an qm *+ G G + G
Which gives:
() =CH+G°+G°+G° =C+LC +L +€ € 1€ € €

The cost terms in (**) do cover any sequence of traders meeting, given that they whenever they
find a match of non-monetary goods (i.e. one wants the good the other got) facilitate this by using
m.

When will monetary exchange (involvirfigt money m) be preferred to non-monetary exchange?

Wheneveithe sum ofcostterms in (*) is greatethan thesum ofcostterms in (**), this is the
case if the condition,

1 b b -
E(ChSJFCh) > (Cy*Cp) v h=ijk (2)
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is fulfilled.

This condition says: ifhe transactiorost ofusing moneyare less than 1/3 of the transaction
costs of using any dhe goods, themonetizingthe economy Wl be beneficial.This result
emerged because we had an initial situation with no double coincidences of wants, and imposed
a quid pro quo conditioh.

4. Generalisation

We turn now to consider thenditions for monetary exchange in circular chains of no-double
coincidences of wants of size n. By deriving such conditions we have to note that the economy
we describe is only ever partially monetized, since the first trade instants of double coincidences
are cases of pure barter. This appears to be somewhat natural, since a model where the exchange
of a meeting between, T angd T would be facilitated with money, is considered odd.

The circular chain consists of agents A wherelj =., n. Agents are labelled such thajét a

trade proposals;I; , and the corresponding basic transactiongost ¢ =£ +C fori=1, ..,
n-1. Agent n is described by, T andC =C 2€ .

Figure 1

9. Note, that if we only considered the first or third column of the above example we would end up at inequality (1), the
example of Jones (1976), Oh (1989) and Ostroy and Starr (1990), were the use of media of exchange would never be
beneficial if transaction cost are only additive.

10. Even if we had predetermined agent and good labels, for example such that achain T, , T, , T , T is obtained,
then we can obviously relabel in the proposed fashion. Agent and good 3 become 2; agent and good 4 become 3; agent
and good 2 become 4.
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For now the agents are not furnished with money m. There are obviously a large number of ways
in which the chain might be collapséd. Consider the example of n=5, shown in figure 1.

One way of solving this circle (while stilh&rcing quid pro quo) is that first A1 meets A3, agent

1 gives good 1 in exchange for good 3 (a). With good 3 agent 1 can now deal with agent 2. They
got a double coincidence afant. Agent 3 can sell good 1 to agent 5 were he gets payed with
good 5 (b)which agent 4 iswilling to exchange int@ood 4. Alternatively agent 3 could sell

good 1 to agent 4 who than sells it on to agent 5.

In the following we are only interested in two special modes of solving the circular chain. Agent
facilitated exchange and good facilitatsehange. The two forms of exchange are illustrated for
n=5 in figure 2.

Figure 2

A4 A3

2a: Agent Facilitated Exchange 2b: Good Facilitated Exchange

With agent facilitated exchange we denote the case where an agent ApéAelr2a) gives away
his good k to agent,A (A in panel 2a) receiving good k-1. Now agent k exchanges k-1 with A
» and so forth. Finally agent k deals with agent k+1, giving him good k+2 which is the good A
wants, in exchange, A receives good k+1 whiakxesctly what he desires. The chain is collapsed
via agent k taking in turn n-2 goods in intermediate exchange. The total transaction costs (TC)
of agent k facilitated exchange are:

n

TCak - _Xn;(CiS+Cib) o) (CiS+Cib) (3

i=Lizkk+1

11. Niehans (1969) takes a closer look at this issue, also Ostroy and Starr (1974) formalise on the issue of what kind
of trading procedure can collapse such chains.
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Note that if k=n then k+1=1, due to the circular setup.

Goods facilitated exchange on the other hand implies that agent k (A in panel 2b) gives good k
to A..; (A,in panel 2b) receiving in exchange good k+1 which is the good he desires. Agent k+1
(who now got good k) turns to,A in order to receive good k+2 while paying with k. Like this,
the trade continues, each time using good k (goodidure 2 panel 2b), until agent k-2 receives
good k and exchanges it with agent k-1. Note that now k-2 and k-1 have a double coincidences
of wants. Sall agents except agent k akd did usegood k inintermediate exchandé. The

total transaction costs (TC) of good k facilitated exchange are:

TCy = > (CS+CP) + (1-2)(C5+CY) @

Good k in the good facilitated exchange is in fact a medium of exchange in particular we talk of
it as commodity money. Othe otherhand can agerflacilitated exchange btaken as a
representation of a trading post driven exchange. Note also that in the n=3 case of section 2 both
modes of exchange and their total cost appear identical.

Considering the way in which contact between agents is made we observe that in agent facilitated
exchangehe order of contacimong agents is in an anti-clockwise fashighile for goods
facilitated exchange the contacts are made in a clockwise fashion (figure 2). In a different setup
with given trade flow directions Krugman (1980) finds a similar distinction for payment flows in

a n=3 case.

We find now the good k for which,
(C*CY) > (CHC)  Vi=l..n izk 5)

is fulfilled, i.e. k isthe goodwith the lowest transactiorost. Sichgood k wil exist for every
circular chain of no double coincidences of wats. It is now obvious that TC /< TC (i~ 1,
n). Any agentfacilitated exchange W have highertotal transaction costs than thgeod k
facilitated exchange. Hence, commoditgney ofthe typespecified in(5) is preferred to any
trading post arrangement. We return to this point in section 6.

12. Note that if k=1 then k-1=n.

13. Note that stating condition (5) is only made possible due to the additive nature of transaction costs in our model.
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It is now possible to state:

Proposition 1:In an economy of the kind described in section 2, featuring additive
transaction costs in exchange andiat money, a good facilitated exchange using
the commodity money k which fulfills (5) is the cheapest exchange possible that
can solve the circle n of no-double coincidences of wants.

Proposition 1 can sdy beshown to bdrue. Acircle of nagents needs at least n-1 bilateral
contacts to clear (due to the quid pro quo requirement). Hence, there are 2(n-1) cosf terms C .
However, n of these terms are basic standard cost'terms of the;,farm C  (these are accounted
for in the first term of the RHS in (3) and (4)). Finally, we are left with n-2 other cost terms which
will be minimised by using k, since k is the good with the lowest transaction costs.

When we now turn to consider the use of fiat money, proposition 1 allows us to focus solely on
the comparison between fiatoney and commodity money k fulfilling (5). In particular we ask
when will it be cheaper to use fiat money insteacbafimodity money k. First let's determine the

cost of monetary exchange using money m.

Once the agents in a circular chain are equipped with money m in the manner described in section
2, and usenoney m to facilitatehe utimate exchangethe structure of costs different. In
particular has eachgent i in addition to the basic transaction costs terins C gyfdsBecific
costterms ¢ and € . A number of exchafiyes using m will have the same minimized total cost
structure. The total cost (TC) of fiat money m facilitated exchange are:

TG™ = Y2 (CHCY + (GG (6)

For example can any agent i go to agent i+1 and buy the good i+1 in exchange for m. But A will
also be lookindgor a buyer to his good i, since he needs to earn a monetary unit m in order not
to violate his budget constraint at the end of the trading round. This buyegris A .

In terms of figure 3 we can see that money m will flow one step in a clockwise direction while

14. The standard cost terms correspond to the basic costs that each agent must assume simply by getting rid of what he
is endowed with and by receiving what he ultimately wants. These costs can never be circumvented.

15. There are a number of possible exchanges that will minimize total transaction costs - in particular the chain could
start to collapse any ofthe agents or simultaneously at several points. Note that in all forms of exchange discussed
here (agent-, good- @ommaodity money-, fiat money-facilitateckchange) there are a hosirgfficient exchanges

possible, for example could agents always exchange back and forth any good; thus exploding the total transaction costs.
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the goods flow each orsep in anti-clockwise direction. Agents can contact their neighbours in
what ever fashion, and partsimultaneously, #ature thegoodfacilitated exchange did not
have. Also we note that in fachly one unit mgiven toone of the agents coufdcilitate the
clearing of the circle pretty much in the fashion of good facilitated exchange defined above, and
would still have the total cost TC given in (8).

Figure 3

It is now obvious that fiat money will be beneficial to use if'TC “TC for good k fulfilling (5).
This leads to the following proposition.

Proposition 2a:An economy of the kind described in section 2 featuring additive
transaction costs iexchange vl benefit from the introduction of fiat money m

if

02 ¢y > e @)

is fulfilled for good k fulfilling (5).

Proposition 2a follows directly from (4) and (6) and states that a fiat money will only ever benefit

16. Lets say agent i is the only one endowed with a unit of m; at first he would purchase good i+1 with m, at the end of
the trading round he would sell his good i for m to agent i-1, such that i dose not violate his budget constraint.

15 October 1996 C:\OFFICE\WPWIN\WPDOCS\M_IND_EX.DOC 12



an economy if the transaction costs of using this money are less than the cost that using any of the
goods as anedium of exchangeould cause. In particular does conditigf) (which is the

general form of condition (2) in the example of section 3) say that m has to have transaction costs
associated that are less than the fraction ((n-2)/n) of the transaction costs of the lowest cost good
k.r” This difference in the terms in (4) and (6) namely the (n-2) and (n) part stems from the fact
that in thecommodity moneygase there armsvo agents that deal anyway in k, the agent that is
endowed with it (A ) and the agent that desires j{,(A ). Once the economy is monetised with m
they also endure each the extra cost terpis C,.°+ C

The statement of proposition 2a, namely that the economy will benefit from monetization if fiat
money is cheaper to use than goods is intuitively compéfling. It corresponds nicely to some of
the physical features of modern fiat money: Extremely low transport cost. Easy cognizability and
verification of value and kind.ow storage cost deng as there is lownflation. From the last

point it is easy to see thharter tradeand commodity money ilvreemerge in &igh inflation
environment!

Putting proposition 2a differently we can restate:

Proposition 2b:For a good Kulfiling (5) and fiat money m let there be e¥0
such that

S b S b
C.+C. = C, +C +e .

Then for any there will always exist somé n such tfmtall - good k including -
circular chains of no double coincidences of wants with n>n condition (7) is true.

2b follows directly from proposition 2a. Proposition 2b states that if there exists a fiat money (m)
that ismarginally cheaper to use than the lowest transaction cost commodity money, then for a
large enough circle n it will be ber@él to use money m. So for larger economies - where hence
the possibility ofarge circular chains of no double coincidences of wants exists - it will be more
probable to find fiat monetization.

17. Note that this analysisly considers the privately endured costs of transaction. There is also an argument of the
social costs of tying goods down as media of exchange, hence keeping them from being consumed. Again, utility-less
fiat money reduces this social costs. However, this argument is not pursued in the present model.

18. Also note, that since money m can be used simultaneously by agents, a chain of size n is collapsed within at most
3 trade instants, while a commaodity money driven exchange requires n-1 instants. However, since the time dimension
is of no concern in the present paper, we ignore this additional advantage of using fiat money.
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Also note that from condition (7) it follows that for a two person economy fiat monetisation will
never be beneficial.

5. Emergence of Money

While we so far only considered the question of when it will be beneficial to use money we have
also to address thssue of whethethe agents would &l want to participate in a monetized
exchange and how a common medium of exchange might emerge.

The underlying problem is that it appears odd to impose a trade dgsire T on agents without them
knowing the transaction costs to be endured - since these depend on the form of exchange. Also,
by moving from one mode of exchange to another, some agents might endure higher cost than in
the initial mode. In particular it is obvious thaaty agent in achain n can bgtarting agoods

driven exchange minimise his individually enducedts even so his good might not fulfill (5) and
hence be collectively undesirable. Similarly, once fiat money is introduced, the agents k and k-1
(for k fulfiling (5)) that now fice each ¢ + (& higher tragsion costs might not wish to accept

it.

There are two responses: Firstly, we have to see that also in the basic solution to any situation of
no double coincidences of wants will some agents besexpto extra transaction cost if quid pro

quo is imposed - i.e. our base case suffers already from the question of why agents at all would
participate. That is why we assumed agents expectations of encountered transaction costs to be
ex-ante correct.

Secondly, we have stated conditions in the above text that are of the Kaldor-Hicks criterion type.
Hence, in principlethe gainers of moving fronone form of exchange tanother could
compensate the losers. However, it woulddlsturbing to assume that this compensation is
actually executed in a setting where transaction is costly - had we a means of compensating with
zero transaction costs our whole problem would vanish. Expanding on the notion of the Kaldor-
Hicks principle, we mighteinterpret theexercise of section 4 dse maximisation of a social
welfare function:

max, W= -TC/
subject to the desired allocation being obtained. The social planner can decide upon the mode x

and the means y of exchange.
The solution imposed abovej@ntly costminimizing - nothing more. From thidiscussion it

19. This is so since in a two person economy there can be no absents of double coincidence of wants.
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should become clear that a model that wished to tackle these issues more explicitly has to consider
the bargaining structure of each trade encounter.

Still we can make some considerationstbe emergence @lommon media of exchange. One
condition for an exchange to occur must be that both parties agree. In the present model agents
do know the different € +C of the goods, hence they also know which good k fulfills (5). If any
other agent i @k) tries to sell his good ionto,fA (who got what A wants) then agent i+1 would

not except i but demand k. Also agent k him self will be interested to trigger the collapse of the
chain, since if hdet any other agent do it he woulglet twoextra costerms (from the then
circulating good). It is easy to imagine how the information on which good is the cheapest to use
could derive from experience in a repeated setup.

How about the emergence of fiat money? Obvioafilggents butwo will willingly use fiat

money that fulfills condition (7) in proposition 2a if thikernative exchange was goods facilitated

via good k fulfiling (5). The two criticahgents are k and k-1 who actually get higher transaction
costs than before. However, the collapse of the chain can happen simultaneously at a multitude
of places, no activity by k and k+1 is needed at first. Finally, agent k dealing withil\find

that k+1 desiregood m,while A, cannot getoffered k by A butonly gets offered m in
exchange for his good k-1. This implies that a chain n can never be partially monetized. In fact,
with fiat money the agents of a chain can pre-commit them self to using the good m, and like this
force agent k and k-1to do the same.

In general it applies that once an agent meets the agent that has the good he desires, he will find
that this trader prefers k (m - except for trader k-1) in return; where k (m) fulfills (5) ((7)). Hence
commodity money (fiat money) emerges via its general acceptability.

The fiat money obur model is government imposed, however sagent, that has for some
reason high credibilitycould start acreditmoney by writingout anlOU, assuming that the
associated transaction costs fulfill (7). The IOU would travel through the chain (clockwise) and
solve it. The problem here is how to keep other agents from doing the same? Since otherwise the
last trade instants would be pure I@lgaring.Finally, weshouldnote that theverification of

IOUs might be difficultfor rising n hence thegctually have transaction costs so high that they
violate (7) and will not be used in large circular chains.

6. Extensions
In this section we considéwo extensions of the model. First we consider what would happen
if the prices in fiat monetary terms were distorted. Second we examine the implications of agent
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specific transaction costddereby, the case of an agdatilitated exchange that dominates
commodity money is considered.

How would wrong - non Walrasian - money prices affect the m8del? In particular we want to
see if - oncdiat moneyquotedprices are irdisequilibrium - commodity monegrade will
reemerge. In general this type of models, with imposed relative prices equal to 1 do not allow for
this sort of experiment, nevertheless we can digtesssue. A distortion in prices would for
example be if abne point in thecircular chaingood iwould have a price of 2m ambt 1m.

Hence, A, would expand his individual transaction cost terms by an extra C , ending, tip at C
+CP+CP +C° +C° while A hamdividual transaction cost terms’C € +C +°C +

C..’. Now there are two things happening here.

Firstly, one unit of m ispermanently transferred from_A to A. Hendmth their budget
constraints are violated. If the budget constraints are binding the fiat money facilitated exchange
is no longer possible, however there is no reason why a commodity money could not be used. But
lets instead say that excess money holdargspermitted and that A is in each trading round
endowed with a new unit of m. Then A collects over time more and more m with which he can
not purchase anything - representing the situation of a monetary overhang.

Secondlythere occurred extra transaction cost§ C # C , that might for sufficiently distorted
prices result in a violation of the condition for fiat money efficiency. In particular it might turn out
that TG" >TCE;k for k fulfilling (5); hence commodity money k would be preferred.

This discussiororresponds with the observation that price distogtgmhomies experience an
increase in barter trade.

The second issue | want to rise is the possibility of agent specific transaction costs. The model of
this paper has besides the assumption of additive transaction costs also imposed that transaction
costs are associated with goods and not with agents. However, if transaction costs are associated
with for example verification and cognizability then these cost might differ across agents rather
than across goods. Some agents might have better (and cheaper) opportunities, to represent the
goods they want to sell or to asses what they get offered, than others.

If we design the perfect mirror image case to the above, we have to assume that dealing with any
of the goods triggers some fixed cost for the different agents:Say°A +A , is the cost of sale and
buy that agent i has when dealing with any good.

If we now find agent k such that

20. We can think of this situation as a centrally planned economy were wrong money prices are imposed.
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(AS+AD) > (AS+AD) Vi=1,...n; izk

is fulfilled, then it is obvious that agent k is the preferred tragosf. This trade pattern will

emerge, given that the other traders can compensate k, for his extra costs! We can also see, that
no fiat money could improve on this arrangement - since fiat money would also trigger the costs
ASA "for all the agents.

However, this interpretation of agent specific transaction costs appears odd, it seems more natural
to assume thagoodsvary inthe size of transaction costs they trigger. Hence, we suggest, that
even so transaction costs are aggEcific, they also vary among goods. In particular is the
ranking of all goods according to the associated transaction costs identical for alFagents.

We can still find an agent k who is the preferred trading post. There is an agent k for whom

n n
Y (©HCHy > Y (GHCY), Visl..nj#k (8)

i=1;i#j,j+1 i=lizkk+1

applies (the conditioderives directly fronthe second term of the RHS in (3)); then agent k
facilitated exchange is cheaper than any other agent faciliabdénge that collapses the circular
chain of nodouble coincidences @fants. Forexample imagine government (k) that exploits
some informational advantager the possibility to imposesome tax to compensate for its
expenses) in order to function as a clearing house.

However, this arrangement might still be dominated by a goods facilitated exchange. So in order
for the agents facilitated exchange around agent k to dominate any commodity?money we also
require:

n n

Z (CgS+Cgb)Ai S Z (CiS+Ci b)Ak v g=1,...n (9)

i=1;i=g,g-1 i=1izkk+1

21. For example, if good j is the most erpive good in transaction for one agent it is also the most expensive good for
all others.

22. There might still be some mixed mode of exchange usingetit and goods facilitated exchange patterns in order
to solve the circle, which is cheaper than the trading post around k.

15 October 1996 C:\OFFICE\WPWIN\WPDOCS\M_IND_EX.DOC 17



This condition follows from the RHS of (8) and the second term of the RHS in (4). Note that on
the LHS in (9) we can not simple say (n-2) but have to sum the individual cost terms for all agents
using g except those two that anyway would have dealt in g (g and g-1).

We can now state:

Proposition 3:If transaction costs aradditive, agentspecific and ranked
identically by size for all agents, then a trading post arrangement around agent k
fulfilling condition (8) and (9) will always be preferred to any other trading post
arrangement or any form of commodity money. But a fiat money m which fulfills

n

s b - s,cP
Y. (GG )Ak > ; (Cm+Cm)Ai (10)

i=1izkk+1
would dominate the trading post arrangement around k.

The first sentence of proposition 3 follows straight from (8) and (9) since this is how we designed
the two conditions. Sentence two can easily be shown to be true: The total cost (TC) of collapsing
the circular chain with agent specific transaction cost will always be of the form:

n
TC! = X; (C+Cii)p + Q.

For thefiat money m (x=f, y=m}he Q part wil be the RHS ofinequality (10), while for the
trading post arrangement around k (x=a, y=k)@herm will be the LHS of (10).

Proposition 3 thus says that even though trading post arrangements - basically exchange shops -
might emerge in theconomy wherg¢he cost otransaction varyor individuals a fiat money

fulfiling (10) can still bebeneficially introduced. So even though commaodities might not be able

to serve as media of exchange a suitable fiat currency fhight.  An additional advantage of the fiat
currency, is that the transaction costs are more evenly distributed; recall that in the trading post
arrangement around agent k, this agent would encounter n-2 extra cost terms.

23. Of course if (9) was not fulfilled for some g then we had a commodity money that would dominate the trading post
around k.
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7. Conclusion

In order to explain the use afoney orhow it might emerge we need some friction in the
economy. This can be incomplete information, time constraints, transaction costs, etc.

The present papdras shown that already insetup ofadditive transactiorrost media of
exchange might be beneficially introduced. This contradicts part of the existing literature. Also,
usually far more complicated settings are needed in order to explain the use of money. Moreover,
since additive transaction costs are usually taken to represent the physical characteristics of goods,
we arrive at a formal exposition of the importance of the intrinsic features of media of exchange.

The model hinges on the absents of double coincidences of wants - however, this is nothing new
for a model wanting to explathe use of money. So does Jones (1976) and Oh (1989) depend
on the degree of absents of double coincidences, or does Ostroys and Starrs (1974) examination
of media of exchange utilise chains of mubdle coincidences of wants. In fact even Samuelson’s
consumption loans model (1958) features the same sitidation.

Further we note that as an endogen featureunfmodel the economy displays a Clower
constraint; once a fiat money (m) and a size (n) fuliiling propositicam2ia2b are present - goods

do not buy goods within the circle of no double coincidences of wants.

Summarizingpropositions 1-3: We showed that if a good has the lowest transaction costs then
it is the obvious candidate for a commodity money. Fiat money wiébeflzial, if the transaction

costs ofbuyingandselling moneyare lower than the transactionst ofbuyingandselling the

goods - in particular theommodity moneyood.Large economies are mdikely to use fiat
money. Even for agenspecific transaction costfiat money might dominatéhe otherwise
cheapest trading post arrangements.

In short, the economy will be monetized ibney is cheaper to use than goods. And this happens
alreadyfor additive transactionosts. Thuphysicalcharacteristics of money - easgnsport,
cognizability, low cost storage - can motivate its use. Erggaper has shown us what we knew
all along: that money is designed as it is because it is supposed to be used as it is.

24. The economy with ovegaing generations never ends. To see the correspondence to the circular chains discussed
here let instead the last generation meet the first.
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