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Abstract

We study an arrangement in which the government provides a public settlement
system to the private sector and evaluate its implications for the implementation of
monetary policy. A key ingredient of the analysis is that it is costly for the government
to operate a record-keeping technology which is necessary to the construction of a
settlement system through which private loans and tax liabilities are settled. For this
reason, the choice of the optimal size of a settlement system by the government is non-
trivial. Another bene�t of such a system is that it allows the government to e¤ectively
control the money supply. We show that the Friedman rule is suboptimal. Money and
credit coexist as means of payment at the optimum. The government relies on a credit
system to implement an optimal policy because of the role of credit in relaxing cash
constraints. As a result, money and credit are complementary in transactions: the
existence of a credit system makes the operation of a monetary system more e¤ective.

JEL Classi�cation Numbers: E5, D8. Keywords: Money, Credit, Costly Recorkeep-
ing, Settlement System, Friedman rule.

1 Introduction

We study the implications of a government-provided settlement system for the implementa-
tion of monetary policy. A key ingredient of the analysis is that it is costly for the government
to use a record-keeping technology which is necessary to the construction of a settlement
system through which private loans and tax liabilities are settled. In modern economies, it
is common to observe a �nancial arrangement in which the government provides a public
settlement system from which the private sector bene�ts. For instance, the Fedwire system
in the U.S. facilitates the clearing of private debt and provides an important service to a
large number of �nancial institutions. Participants are required to pay a fee that is designed
to �nance the costs of providing such service.

�We would like to thank Steve Williamson, Rody Manuelli, Gaetano Antinol�, Chris Waller, David
Andolfatto, Albert Marcet, the seminar participants at the Federal Reserve Bank of St. Louis, and the
participants of the SWIM 2009.
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A public settlement system is also useful for the collection of a tax liability. The gov-
ernment needs to keep track of agents�identities and trading histories in order to enforce
the payment of any tax liability. As a result, a record-keeping technology is necessary not
only to support credit arrangements in the private sector but also to the operation of a �scal
system. For instance, the Treasury Tax and Loan (TT&L) Service allows the government to
e¤ectively collect a tax liability through a centralized system whose operation also involves
a cost. Hence, it is crucial to evaluate the bene�ts and costs involved in an institutional
arrangement in which the government provides a settlement system by using a costly record-
keeping technology and by enforcing the repayment of private loans and the collection of tax
liabilities. Given that it is costly for the government to use a record-keeping technology, what
is the optimal size of a public settlement system? What are the implications for optimal
monetary policy?
The arrangement that we study in this paper is one in which the government provides

a settlement system to the private sector in a centralized location. We build on the models
by Lagos and Wright (2005) and Rocheteau and Wright (2005). In the Lagos-Wright model,
the pattern of trade is such that private agents periodically visit a centralized location where
the government can interact with them. Within this framework, Koeppl, Monnet, and
Temzelides (2008) show that a settlement system in a centralized location is essential for the
implementation of an e¢ cient allocation. It is necessary to have an institutional arrangement
in which a centralized agency keeps track of agents�trades and imposes a punishment on
agents who default on their liabilities. One possible arrangement involves a government-
provided settlement system. The novelty of our analysis is to assume that it is costly for
the government to use a record-keeping technology which is necessary to the operation of a
settlement system.
If individuals cannot commit to their future promises, it is di¢ cult to support credit

transactions within the private sector. However, some credit arrangements can be supported
in equilibrium provided that the government can enforce the repayment of private loans in a
centralized location. In this paper, we assume that the only punishment that the government
can impose on an agent is the seizure of his or her assets. However, the government can
seize an agent�s assets only if it observes his or her identity, which means that it needs to
use a record-keeping technology to monitor individuals in the private sector. Given that it is
costly for the government to keep track of agents�transactions, it may not be socially optimal
to monitor all transactions in the economy in order to support credit arrangements within
the private sector. This means that the choice of the optimal size of a settlement system is
non-trivial. Although a settlement system allows private agents to expand the set of feasible
trades, its operation results in a social cost due to a costly record-keeping technology.
A settlement system is also essential for the implementation of monetary policy. Suppose

that the monetary authority intervenes in the economy through a lump-sum transfer or tax
in a centralized location. Then, it can e¤ectively control the money supply only if it uses a
record-keeping technology. To expand the money supply, the monetary authority needs to
keep track of whom has already received a nominal transfer in a given period. To contract
the money supply, the monetary authority needs to collect a lump-sum nominal tax in a
centralized location. To enforce the payment of a lump-sum tax, the government needs to
use a record-keeping technology to identify an individual in the private sector and e¤ectively
impose a punishment on her if she refuses to pay her tax liability. Even if the government
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identi�es an agent and requires her to pay a lump-sum tax, it must be an incentive-compatible
scheme, as in Andolfatto (2008, 2009). As a result, a settlement system expands the set of
feasible public policies available to the government.
Our main result is to show that the Friedman rule is suboptimal and that the government

relies on a credit system to implement an optimal policy. At the Friedman rule there is no
credit activity: all trade is carried out with �at money. This happens because such a policy
essentially eliminates the opportunity cost of holding money over periods and individuals do
not economize on their money holdings. However, the implementation of the Friedman rule
involves a social cost due to the fact that it requires the use of a record-keeping technology
to enforce the payment of a tax liability. Then, we show that it is possible to construct a
welfare-improving deviation from the Friedman rule. Moving away from the Friedman rule
results in a lower rate of return on money holdings. However, a deviation from the Friedman
rule allows the government to reduce the size of the settlement system and consequently
minimize its social cost. We show that this deviation results in a higher welfare because it
induces credit transactions in the private sector, which permits that the cash constraint in
some transactions be relaxed. In this sense, a credit system complements the operation of a
monetary system.
The importance of a settlement system for the implementation of government policies in

monetary economies has been emphasized by many authors, including Freeman (1996), Aiya-
gari and Williamson (2000), Temzelides and Williamson (2001), Williamson (2003), Nosal
and Rocheteau (2006, 2009), Kanh and Roberds (2009), Williamson and Wright (2010a,
2010b), among others. Our paper contributes to this literature by exploiting the implica-
tions of a costly record-keeping technology for the e¤ective operation of a monetary system.

2 Historical Background

Systematic recordkeeping has been common among large-scale societies, even those lacking
widespread literacy. This includes simple record-keeping technologies, such as the Sumerian
token dating back to 8,000 B.C. The Sumerians began using stone and baked clay tokens
to symbolically represent agricultural commodities that had been physically transferred. By
4,000 B.C., complex incised tokens were used to signify manufactured goods. Shortly before
3,200 B.C., tokens began to be sealed inside hollow clay balls (�bullae�) that protected
against fraud by imprinting signatures of the transacting parties and witnesses (via seals) on
the envelope�s exterior.1 Over time new forms of recordkeeping emerged such as the �tally
stick�, which was used for centuries in England and in rural France as recently as 1970,
the �knotted string�, and the double-entry bookkeeping.2 Common properties among all of
these forms of recordkeeping are the di¤erent degrees of monitoring and enforcement needed
to operate them as well as the costs involved.
In recent times, the innovations in information technology have signi�cantly improved

societies�ability to maintain up-to-date records of transactions. As a result, a large variety
of payment systems has developed in industrialized economies. Many of these systems are

1The bullae were then baked, making the records permanent and di¢ cult to alter.
2See Robert (1956).
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government-sponsored, such as the Fedwire in the U.S. and TARGET in the Euro area, and
involve a large number of transfers daily among �nancial institutions.
Recordkeeping is not only crucial for private transactions but also for tax collection

purposes. This important use of a record-keeping technology has been observed throughout
history. For instance, tomb paintings depict tax collectors in Egypt at least as early as 2,000
B.C. The Egyptians kept written records of title deeds and �eld sizes. To assess the farmers�
wealth there were also cattle counts. But not everybody�s means of livelihood could be taxed
as easily as the farmers�, and attempts were made to tax other parts of the population. In
order to increase the tax base, Late Period Egyptians had to declare their income, and if any
man did not make declaration of an honest way of living, he was punished with death.3 In
modern societies, the �scal authority faces essentially the same issues, and the punishment
for default on a tax liability usually involves the con�scation of an individual�s assets.
As we can see, regardless of the time period considered, a record-keeping technology is

costly for society, is needed to in�ict punishments on individuals, and is necessary for taxing
economic activity. In this paper, we incorporate these important characteristics of a record-
keeping technology into a search-theoretic model of money and study their e¤ects on the
design of optimal monetary policy.

3 The Model

3.1 Private Sector

There is a continuum of in�nitely-lived buyers and sellers. Each buyer is indexed by i 2 [0; 1]
and each seller is indexed by j 2 [0; 1]. Time is discrete and each period is divided into two
subperiods: day and night. Within each subperiod, there is a unique perishable consumption
good that is produced and consumed. In the day subperiod, a seller does not want to
consume but can produce one unit of the consumption good with one unit of labor. In the
night subperiod, a seller wants to consume but is not able to produce. A buyer wishes to
consume only in the day subperiod but can produce one unit of the consumption good with
one unit of labor in the night subperiod. Neither a buyer nor a seller can commit to his or
her promises. This structure generates an absence-of-double-coincidence problem so that a
medium of exchange can expand the set of feasible trades.
A buyer has preferences given by

u(qi)� ni, (1)

where qi is his consumption during the day and ni is his labor supply at night. Assume that
u : R+ ! R+ is strictly concave, increasing, and continuously di¤erentiable, with u(0) = 0
and u0 (0) =1. A seller has preferences given by

�nj + qj, (2)

where nj is her labor supply during the day and qj is her consumption at night. Buyers and
sellers have a common discount factor between periods which we denote by � 2 (0; 1).

3See Herodotus, Histories II Project Gutenberg.
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Agents are randomly and bilaterally matched in the day subperiod in such a way that
each buyer meets a seller. In the night subperiod, agents interact in a centralized location.
The terms of trade in the day market are determined by the following bargaining protocol.
In each bilateral meeting, both agents simultaneously announce their willingness to trade.
If both agree to trade, then the buyer makes a take-it-or-leave-it o¤er to the seller, who
either accepts or rejects it. Otherwise, no trade takes place. In the night market, there is
a Walrasian market in the centralized location. This sequential market structure, together
with quasilinear utility with respect to labor supply, results in a degenerate end-of-period
distribution of money balances across the population of buyers, as in Lagos and Wright
(2005).

3.2 Government

There is a record-keeping technology that allows the government to observe the identities
of a �xed fraction of sellers and record their individual trading histories. We say that a
monitored seller is one that has her identity and trading history observed by the government.
The identities and transactions of their trading partners are also recorded, as in Cavalcanti
and Wallace (1999) and Sanches and Williamson (2009). As a result, a buyer who trades
with a monitored seller in the decentralized market has his identity and transactions revealed
in the day and night markets of the current period. If the government wishes to keep track
of a �xed fraction � of sellers, the �ow cost per seller in terms of the consumption good is
given by � + ��, where � and � are positive constants. This cost is paid in the centralized
location in the night subperiod.
If the government decides to use the record-keeping technology, it can share the infor-

mation with the private sector without any additional cost. The government can interact
with agents only in the centralized location and can seize an agent�s assets provided that it
identi�es such an agent in the current period. This means that the government can seize the
assets of a particular agent only if it uses a record-keeping technology.

4 Discussion

Given that there is no additional cost for the government to share the information about iden-
tities and transactions that it obtains by using a record-keeping technology, it can construct
a settlement system through which private debt and tax liabilities can be settled. First,
notice that, by making the identities and trading histories of agents publicly observable, a
record-keeping technology makes credit arrangements within the private sector feasible. Re-
call that agents cannot commit to their future promises, which makes it di¢ cult to support
credit transactions. However, some credit arrangements can be supported in equilibrium
provided that the government can enforce the repayment of private loans in the centralized
location. The only punishment that the government can impose on an agent is the seizure
of his or her assets. However, the government can seize an agent�s assets only if it observes
his or her identity, which means that it needs to use a record-keeping technology to monitor
agents in the private sector.
One way that the government can enforce the repayment of a private loan is to announce
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that any seller who trades with a buyer who has defaulted on his private loan will have
her assets seized in the centralized location. This means that a buyer who has defaulted
on his private loan will only be able to trade with anonymous sellers in the decentralized
market. The threat of this punishment induces cooperation among buyers. In this way, the
government provides a settlement system in the centralized location through which private
debt is settled. Hence, a bene�t of the record-keeping technology is that it provides a service
to private agents that permits them to expand the set of feasible trades.
Second, a record-keeping technology allows the government to collect a tax liability in the

centralized location. For instance, if the government wishes to shrink the money supply, it
could levy a lump-sum nominal tax on buyers. Due to lack of commitment, the government
needs to impose a punishment on private agents to enforce the payment of a tax liability in
the centralized location. Again, it can announce that it will seize the assets of any seller who
trades with a buyer who has defaulted on his tax liability. The threat of this punishment can
induce buyers to pay a lump-sum tax in the centralized location. As a result, the government
can e¤ectively control the money supply only if it uses the record-keeping technology, which
means that the settlement system is also useful for the implementation of public policies.
Finally, notice that the government is able to precisely infer a monitored seller�s money

holdings at the end of each subperiod, which means that it can e¤ectively impose a punish-
ment on each one of them. The government can infer a monitored seller�s money holdings by
simply keeping track of her transactions. These agents have all of their transactions publicly
observable and as a result the government can keep track of their money holdings over time.

5 Monetary Equilibrium

Suppose that each buyer is endowed with one unit of �at money at the beginning of the
�rst day. We restrict attention to monetary equilibria in which the money supply grows
at the gross rate � � � and aggregate real money balances are constant over time. The
government injects new money in the centralized location through lump-sum transfers to
buyers. To receive a lump-sum transfer, a buyer needs to identify himself in the centralized
location. Those buyers who traded with a monitored seller in the decentralized market
of the current period already have their identities publicly observable. Those buyers who
remained anonymous in the current period �those who traded with anonymous sellers in
the decentralized market �have an incentive to reveal their identities and receive a nominal
transfer from the government.
If the government wishes to shrink the money supply, it needs to levy a lump-sum tax on

buyers. The government is able to collect a nominal tax only from buyers who are currently
being monitored �those who traded with a monitored seller in the decentralized market.
A buyer who remained anonymous in the current period has no incentive to voluntarily
identify himself and pay a lump-sum tax, so that the government does not expect to receive
a nominal payment from him.
If the government wishes to monitor sellers, it needs to pay a �ow cost �+ �� per seller in

terms of the consumption good. There is a fee � b in terms of the consumption good that is
designed to �nance the use of a record-keeping technology. The settlement system provided
by the government allows it to e¤ectively collect such a fee in the centralized location. To
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enforce the payment of a tax liability, the government announces that it will seize the assets
of any seller who decides to trade with a buyer who has defaulted on his tax liability. This
punishment implies that a buyer who has defaulted on his tax liability is e¤ectively banished
from the public settlement system. Only anonymous sellers accept to trade with such a
buyer, in which case they require �at money in exchange for goods.
Let v denote a buyer�s expected discounted utility at the end of the night subperiod. Let

� denote the real value of the lump-sum transfer to each buyer in the centralized location.
Suppose �rst that � < 0, so that the government announces a lump-sum tax. Thus, a buyer�s
problem can be formulated in terms of the following Bellman equation:

v = max
(m:l)2R2+

�
�m+ �

�
�

�
u

�
m

�
+ l

�
� l � � b + �

�
+ (1� �)u

�
m

�

�
+ v

��
,

subject to the incentive constraint,

�l � � b + � + v � v̂, (3)

where m denotes a buyer�s real money balances, l denotes a loan amount from a seller in
a monitored meeting, and v̂ denotes the value of defection. In the decentralized market, a
buyer who trades with a monitored seller hands out all of his money balances to such a seller
and also obtains a loan amount. His identity is revealed and his transactions are recorded:
the settlement system ensures that the repayment of a loan as well as the payment of tax
liabilities �a fee � b and a lump-sum transfer � �become publicly observable. To enforce
the repayment of a private loan, the government announces that any monitored seller who
trades with a buyer who has defaulted on his private loan will have her assets seized in the
centralized location.
Suppose now that � � 0. Then, the Bellman equation for a buyer�s problem becomes:

v = max
(m:l)2R2+

�
�m+ �

�
�

�
u

�
m

�
+ l

�
� l � � b

�
+ (1� �)u

�
m

�

�
+ � + v

��
,

subject to (3). If the government announces a lump-sum transfer in the centralized location,
then the buyers who remained anonymous in the decentralized market are willing to identify
themselves in the centralized location and receive the nominal transfer from the government,
so that all buyers receive a lump-sum transfer from the government.
The government chooses the money growth factor � 2 [�;1) and the size of the settle-

ment system � 2 [0; 1]. In a monetary equilibrium, the government�s budget constraints are
given by

� b =

�
�+ �� if � 2 (0; 1],
0 if � = 0,

and

� =

8<:
m
�

�
1� 1

�

�
, if � 2 [�; 1) and � 2 (0; 1],

m
�
1� 1

�

�
, if � 2 [1;1) and � 2 [0; 1] ,

where m denotes the real money balances that each buyer holds at the end of each period.
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Consider now the value of defection v̂. If a buyer defaults on either his tax liabilities
or private loan, he will only be able to trade in anonymous meetings in the decentralized
market using currency. Given that the government announces that it will seize a monitored
seller�s money holdings if she decides to trade with a defaulter, only anonymous sellers will
�nd it pro�table to trade with him. For a given buyer, an anonymous meeting happens with
probability 1� �. The value of defection v̂ satis�es the Bellman equation:

v̂ = max
m̂2R+

�
�m̂+ �

�
(1� �)u

�
m̂

�

�
+ v̂

��
.

It follows that
(1� �) v̂ = ��z + � (1� �)u (z) , (4)

where the buyer�s consumption z after defection is given by

u0 (z) =
�

� (1� �) . (5)

Notice that z is strictly decreasing in both � and �. A higher in�ation rate reduces the
value of defection for a buyer because he will only be able to use currency in transactions.
A higher fraction of monitored sellers reduces the value of defection for a buyer because he
will only be able to trade with anonymous sellers in the decentralized market.
Let x denote a buyer�s consumption in an anonymous meeting in the decentralized market

and let y denote his consumption in a monitored meeting. In a monetary equilibrium, a
buyer�s expected discounted utility v can be written as

(1� �) v = � (1� �)�x+ �� [u (y)� y � �� ��] + � (1� �) [u (x)� x] :

Now, we can formally de�ne a monetary equilibrium for the whole economy.

De�nition 1 Given � 2 [�; 1) and � 2 (0; 1], a stationary monetary equilibrium is a triple
(x; y; z), with 0 � x � y � q�, satisfying the �rst-order conditions (5) and

�u0 (y) + (1� �)u0 (x) = �

�
, (6)

and satisfying the incentive constraint,

��u (y)� (1� � + ��) (y + �+ ��) + � (1� �) [u (x)� x]
� (1� �) (1� �)

�
��1 � 1

�
x+ (1� �) v̂, (7)

where y = q� if (7) does not bind and v̂ is given by (4). Given � � 1 and � 2 [0; 1], a
stationary monetary equilibrium is a triple (x; y; z), with 0 � x � y � q�, satisfying the
�rst-order conditions (5) and (6) and satisfying the incentive constraint,

��u (y)� (1� � + ��) (y + �+ ��) + � (1� �) [u (x)� x] � (1� �) v̂, (8)

where y = q� if (8) does not bind.
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We need to show the existence and uniqueness of a stationary monetary equilibrium,
especially an unconstrained equilibrium �one in which a buyer�s incentive constraint does
not bind and the e¢ cient quantity q� is traded in each monitored meeting in the decentralized
market. We show next that a unique unconstrained monetary equilibrium exists for any
money growth factor � � � provided that the size of the settlement system is not too small.

Proposition 1 Suppose that u (q�)� q�� �� � > 0. Then, for any � 2 [�;1), there exists
~� (�) 2 (0; 1) such that an unconstrained monetary equilibrium exists provided � 2 [~� (�) ; 1].
In such an equilibrium, it follows that y = q�, x is given by (6), and z is given by (5).

Proof. Suppose that � 2 [�; 1). If the incentive constraint (7) is slack, then we have y = q�.
Notice that there exists �̂ 2 (0; 1) such that

��u (q�)� (1� � + ��) (q� + �+ ��) � 0

if and only if � 2 [�̂; 1] provided that � 2
�
��; 1
�
, where �� is such that ��u (q�)�q����� = 0.

Second, notice that, for any � � � and � 2 (0; 1), we have that � (1� �) [u (x)� x] >
� (1� �)u (z)� �z, with x given by

u0 (x) =

�
�

�
� �

�
1

1� � (9)

and z given by (5). Notice that the term (1� �) (1� �) (��1 � 1)x on the right-hand side
of the incentive constraint (7) goes to zero as � ! 1 from below. Hence, there exists
~� (�) 2 (0; 1) such that a unique unconstrained monetary equilibrium exists provided that
� 2 [~� (�) ; 1].
Suppose now that � 2 [1;1). Then, the incentive constraint (8) is satis�ed for any � 2

[�̂; 1]. Then, there exists ~� (�) � �̂ such that a unique unconstrained monetary equilibrium
exists provided that � 2 [~� (�) ; 1]. Q.E.D.

For any given money growth factor � � �, a bigger size of the settlement system makes it
harder to satisfy a buyer�s incentive constraint because a bigger fee � b is needed to �nance the
use of the record-keeping technology. If the government wishes to implement a de�ationary
policy, there is an additional term on the right-hand side of a buyer�s incentive constraint
due to a lump-sum nominal tax in the centralized location. Notice that a bigger size of the
settlement system in fact reduces the real value of the lump-sum tax and makes it easier to
satisfy a buyer�s incentive constraint. For this reason, there exists a minimum size of the
settlement system for which an unconstrained monetary equilibrium exists when the money
growth factor � lies in [�; 1).

6 Optimal Monetary Policy

A government�s policy involves the choice of the money growth factor � and the size � of the
settlement system. Throughout the analysis, we assume that the government can induce the
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unique unconstrained monetary equilibrium with a choice of the policy instruments. The
social welfare associated with a stationary monetary equilibrium (x; y; z) is given by

� [u (y)� y] + (1� �) [u (x)� x]� � (�+ ��) . (10)

Notice that a settlement system results in a social welfare loss, which is expressed by the last
term in (10). Society needs to use real resources to keep track of agents�trading histories.
The bene�ts of using a record-keeping technology are that it allows credit arrangements

within the private sector and permits the government to increase the rate of return on
money holdings. In an unconstrained monetary equilibrium, it follows that y = q�, so that
the e¢ cient quantity is traded in each monitored meeting in the decentralized market. If the
government decides to implement the Friedman rule by setting � = �, we have that x = q�,
so that the e¢ cient quantity is also traded in each anonymous meeting in the decentralized
market. This policy maximizes social welfare for any given choice of �. However, we need
to verify whether such a policy is in fact feasible given that it requires a lump-sum tax from
buyers.

Lemma 2 There exists ~� (�) 2 (0; 1) such that the Friedman rule is feasible if and only if
� 2 [~� (�) ; 1].

Proof. Let B = f(�; �) : � 2 [0; 1] and � � ��g � R2+. De�ne the functions h : B ! R and
g : B ! R by

h (�; �) = ��u (q�)� (1� � + ��) (q� + �+ ��) + � (1� �) fu [x (�; �)]� x (�; �)g

and

g (�; �) = � (1� �)u [z (�; �)]� �z (�; �) + (1� �) (1� �)
�
��1 � 1

�
x (�; �) ,

where the functions x : B ! R+ and z : B ! R+ are given by x (�; �) = (u0)�1
��
��1�� �

�
(1� �)�1

�
and z (�; �) = (u0)�1

�
���1 (1� �)�1

�
. Also, de�ne � : B ! R by � (�; �) � h (�; �)�g (�; �).

Notice that
h (�; �) = �u (q�)� q� � (1� � + ��) (�+ ��) ,

where (@h=@�) (�; �) < 0 for all �, h (0; �) = �u (q�)�q��(1� �)�, and h (1; �) = �u (q�)�
q� � �� �. Also, we have that

g (�; �) = � f(1� �)u [z (�; �)]� z (�; �)g+ (1� �)2
�
1

�
� 1
�
q�,

where (@g=@�) (�; �) < 0 for all �. Finally, notice that g (�; �) ! 1 as � ! 0 from above
and g (�; �) ! 0 as � ! 1 from below. Hence, there exists a unique ~� (�) 2 (0; 1) such that
� (�; �) = 0 if and only if � = ~� (�) and � (�; �) > 0 if and only if � 2 (~� (�) ; 1]. Therefore,
the Friedman rule is a feasible policy if and only if � 2 [~� (�) ; 1]. Q.E.D.

The policy combination (�; �) = (�; ~� (�)) implies that the e¢ cient quantity q� is always
traded in the decentralized market. If the government wants to implement the Friedman
rule, it is optimal for the government to choose the minimum size of the settlement system
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consistent with the feasibility of such a policy, which is given by � = ~� (�). To verify this
claim, notice that at the Friedman rule there is no credit activity because y = x = q� �there
is only monetary exchange in the decentralized market. This means that the only reason
for the government to use a record-keeping technology is that it allows the government to
e¤ectively collect a lump-sum nominal tax that is required to generate a de�ation in the
economy. As a result, it is optimal for the government to minimize the loss in social welfare
associated with the implementation of the Friedman rule. However, such a policy is infeasible
if the size of the settlement system is too small �a smaller size of the settlement system
makes it more expensive for a buyer to pay for the lump-sum tax.
It is straightforward to show that the policy combination (�; ~� (�)) dominates any other

policy combination (�; �) such that � � � and � � ~� (�). All of these combinations imply
a lower expected payo¤ from trade for a buyer and a higher loss in social welfare associated
with the use of a record-keeping technology. This means that ~� (�) is an upper bound for
the optimal size of a settlement system. Moreover, the smaller the cost of this system �the
smaller the values for � and � �the smaller is the upper bound ~� (�). However, the policy
combination (�; �) = (�; ~� (�)) does not achieve the highest level of social welfare. We show
next that it is possible to construct a welfare-improving deviation from the Friedman rule.

Lemma 3 The Friedman rule is suboptimal.

Proof. By the Implicit Function Theorem, there exist open intervals U and V , with ~� (�) 2
U and � 2 V , such that there exists a unique function ~� : V ! U such that � [~� (�) ; �] = 0
for all � 2 V . Moreover, ~� is continuously di¤erentiable with

~�0 (�) = �@� [~� (�) ; �]
@�

�
@� [~� (�) ; �]

@�

��1
.

We have that (@�=@�) [~� (�) ; �] > 0 and (@�=@�) [~� (�) ; �] > 0, which implies ~�0 (�) < 0.
Since ~� is continuously di¤erentiable, there exists � > 0 such that ~�0 (�) < 0 for all � 2
[�; � +�), so that ~� is strictly decreasing on [�; � +�).
In any unconstrained monetary equilibrium, social welfare is given by

W (�; �) = � [u (q�)� q� � �� ��] + (1� �) fu [x (�; �)]� x (�; �)g ,

for all � � � and � 2 [0; 1]. Let �1 > 0 and �2 > 0. Given that ~� is strictly decreasing in �
on [�; � +�), the direction (d�; d�) = (��1; �2) is feasible from (�; �) = [~� (�) ; �] provided
that �1 and �2 are su¢ ciently small. The total variation in welfare is given by

[�+ 2�~� (�)] �1 > 0,

which means that there exists a welfare-improving deviation from the Friedman rule. Q.E.D.

Moving away from the Friedman rule results in a lower rate of return on money holdings.
However, such a deviation allows the government to reduce the size of the settlement system
and consequently reduce its social cost. We have shown that the latter e¤ect dominates and
such a deviation results in a higher welfare: the gain in the extensive margin more than
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compensates the loss in the intensive margin. An immediate implication of this result is that
money and credit coexist as means of payment under the optimal payment arrangement.
There is a role for credit in transactions in the sense that credit helps relaxing a cash
constraint.
If there is no cost of using a record-keeping technology, then for any given value of � an

e¢ cient allocation can be implemented by setting � = � (the Friedman rule) �see Sanches
and Williamson (2009). In this case, there is no credit activity at the optimum: all trade
is carried out with �at money. The government essentially eliminates the opportunity cost
of holding money balances by setting � = �, so that individuals do not economize on their
money holdings and the e¢ cient quantity is traded in the decentralized market. As a result,
the government�s optimal policy does not rely on the existence of a credit system.
If a record-keeping technology is costly, the implementation of the Friedman rule involves

a social cost. One alternative for the government is to induce credit transactions in the
economy through the settlement system by deviating from the Friedman rule. This choice
permits the government to reduce the social cost associated with the use of a record-keeping
technology. Although the e¢ cient quantity will not be traded in each anonymous meeting in
the decentralized market, such a quantity will be traded in each monitored meeting because
of the role of credit in relaxing a cash constraint. This essentially means that the loss in
the intensive margin associated with a deviation from the Friedman rule happens only in
anonymous transactions, which are exclusively carried out with �at money. For this reason,
welfare increases as a result of the proposed deviation.
In an environment where a record-keeping technology is costly, the government relies

on a credit system to implement an optimal policy. In this sense, money and credit are
complementary in transactions: the existence of a credit system makes the operation of a
monetary system more e¤ective.

7 Conclusion

We study an arrangement in which the government provides a settlement system through
which private loans and tax liabilities are settled. The existence of a credit system requires a
record-keeping technology to enforce credit contracts within the private sector, which in turn
results in a social cost due to the fact that it is costly to use a record-keeping technology. Fiat
money is an alternative to credit as a means of payment, but there is an opportunity cost of
holding money balances over periods. One way to reduce this cost is by generating a de�ation
to increase the rate of return on money holdings. In our environment, the implementation of
a de�ationary policy requires the use of a record-keeping technology to enforce the payment
of a tax liability, which means that the e¤ective operation of a monetary system also involves
a social cost.
There exists a minimum size of a settlement system that is consistent with the feasibility

of the Friedman rule. As a result, the e¢ cient implementation of the Friedman rule involves
the choice of such a minimum size in order to minimize the social cost associated with its
implementation. However, it is possible to construct a welfare-improving deviation from
the Friedman rule. The bene�t of reducing the size of the settlement system more than
compensates the higher opportunity cost of holding money over periods �the e¤ect on the
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extensive margin dominates the e¤ect on the intensive margin at the Friedman rule. This
happens because of the role of credit in relaxing a cash constraint in some transactions: a
deviation from the Friedman rule induces credit transactions through the settlement system.
As a result, the government relies on a credit system to implement an optimal policy.
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