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Abstract

In Scott Freeman’s (1996) model, payment system arrangements based on inter-
mediated debt that is settled with money achieve higher welfare than does direct
money payment. In a simplified version of Freeman’s model, welfare can be
further improved and efficiency achieved by a monetary authority participating
in a secondary market for debt or by a private intermediary using a common
clearinghouse device. The analysis clarifies that ordinary private agents can
assume the role of central bank or clearinghouse; no artificial agent, posited
solely to play that role and endowed with special capabilities for it, is necessary.
The institutional features required for a central bank or a clearinghouse to
achieve efficiency, particularly features related to central bank independence,
are discussed informally.

This article is reprinted fronMonetary and Economic Studigslay 1997,
vol. 15, no. 1, pp. 63-87) with the permission of the Institute for Monetary and
Economic Studies of the Bank of Japan.

The views expressed herein are those of the author and not necessarily those of the Federal
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An aphorism in economics is that money exchanges fobank supervisory agency, and the central bank; and coun-
goods, and goods for money, but goods do not exchangdees differ in their approach to this as well.

for goods. However, if one interpretfoneyto mean Most current discussion of these issues considers the
base money or other outside money (such as balancestent to which profit-maximizing operation of the pay-
held at a central bank), then the aphorism’s simple patment system might potentially interfere with the conduct
tern of money-for-goods exchange hardly captures thef monetary policy. There is consensus, although not una-
structure of actual transactions. The goals of this studyimity, that this is not an urgent problem. However, there
are to understand the structure of transactions more closi&- another relevant issue that has not been much dis-
ly and to address two major issues regarding it. cussed: whether participation by the monetary authority

Notwithstanding the dissimilarities among various can potentially enhance the economic efficiency of the
payment arrangements at a fine-grained level, most sugtayment systerhlin this study, | address this efficiency
arrangements have two main structural features in comissue in the context of Freeman’s (1996b) mddel.
mon. First, with few exceptions (such as cashiers checks Freeman shows that the potential of a central bank to
and some wire-transfer networks based on real-time grosnhance payment-system efficiency can only be evaluat-
settlement), payment arrangements involve the creatioed by close study of the economy concerned. For some
of short-term debt of the payor to the payee that is settlegarametrizations of the model economy, a laissez-faire
through intermediaries. Second, although incurring shortmarket in intermediated debt is efficient. For others, re-
term indebtedness is a substitute for using money for thetrictions on private agents’ market access entail that the
purchase of a good, these debt-based arrangements do nanetary authority can improve welfare relative to some
wholly replace money, because money is used to settleaseline by participating in a secondary market for debt
the debt that has not yet been settled.

Specifically, then, this study concerns payment ar- The baseline to which | refer is the payment system
rangements based on intermediated debt that is settlédat would be efficient if only a subset of the restrictions
using money. Such arrangements include checks, wireen market access were in force. Of course, to make a
transfer systems with netting arrangements, credit cardstrong case for the need for the central bank to be a pay-
and the like. The two features emphasized here lie at thment-system operator, one would have to show that its
root of current discussions regarding welfare and policyparticipation can improve welfare relative to the best pay-
aspects of the payment system. Regarding large-valument system that a purely private system could imple-
payments especially, there is controversy over whether anent in precisely the economy where its participation is
not the creation of debt is a desirable feature of a paybeing envisioned. Freeman's (1996b) model is not for-
ment system. Given that there is a feasible way to make mulated at a sufficiently fundamental level to answer this
cash transaction or to achieve gross settlement of an eleguestion in a fully convincing way, but it comes close to
tronic transaction in real time, it is not obvious what thedoing so. | will show that efficiency requires an asset
gain is from making payments in a way that involves cre-that is a perfect substitute for currency, in a sense that |
ation of debt at an interim stage. In practice, the creatiowill make precise. Following Freeman (1996a), | extend
of debt carries at least a small risk of inability to settle, sothe model economy to permit a private-sector intermedi-
one would not choose arrangements involving netting oary to trade its own debt obligation for the debt issued by
other forms of debt creation if cash or gross-settlementhe initial payor, thus providing such a perfect-substitute
arrangements were equally good in other respects. To thasset in the model environmérince the original debt
extent that the concentration of this debt in the possessiatiaim is transferred from the payee to the intermediary,
of an intermediary should be cause for additional conthis trade of debt claims is tantamountriovation and
cern, this argument becomes even more persuasive. Bubstitutiona contractual device used by some clearing-
order to make a good case for payment-system arrangbeuses. Direct participation of the monetary authority is
ments involving intermediated debt, therefore, some speiot essential to achieve efficiency in this model. This re-
cific benefit must be found. Particularly in the case ofsult can even hold in the extended version of a model
electronic payments, where the real cost of making a@nvironment that Freeman (1996a, b) studies, where in-
transaction is extremely small, the mere fact that nettingermediaries are unable to settle some of the debt that
economizes on the number of transactions is unlikely tdhey issue.
be a sufficient consideration. Thus, it is important to un- Both the version of the model with central bank par-
derstand whether or not there is some additional benefiicipation and the version with novation and substitution
from using intermediated debt as a means of paymenimplicitly prejudge the issue of asset substitutability, since
The theoretical basis for such understanding is providetoth versions abstract from aspects of the economy such
by Freeman (1996a, b), who shows that such a benefits privacy of information and limited or costly enforce-
does exist in some model environments. ability of commitments, and these aspects might or might

The use of cash settlement for the debt created in theot give agents reason to regard a central bank as a more
payment system raises a further issue regarding the afer possibly less) trustworthy institution than a private
propriate role of the public sector and especially of a cenelearinghouse. Although such issues related to credibility
tral bank. Today, countries are taking various stands oand institutional governance lie beyond the scope of the
this issue. In some countries, the government is solely formal model, it is clear that they are inseparable from the
regulator of the payment system, while in others, the govmarket equilibrium issues which are formalized in the
ermment is an active participant. In either case, there is model. In particular, issues that determine the effective-
subordinate issue of how to apportion the responsibilityness of participation by a central bank in the payment sys-
for public-sector involvement among the treasury, the



tem appear closely related to those that arise with respecbntinuum of measure 1), who live only in period 1.
to political independence of a central bank. DefineC=C,0C,0...andD=D,0D,0O....

Each agent in?, is endowed with one unit of a per-
ishable good in periotland with nothing in period + 1.
9Sgents inC andD are endowed with different goods.
Each agent inC, is endowed with one unit of fiat
oney, but with no consumption good.

Let x,, (respectivelyx,,) be an agent’s consumption
1. Money is used directly as a medium of paymentof the endowment good of agents@(respectivelyD)
for goods. in periodt.

2. Some purchases of goods are also financed by the An agent must consume a nonnegative quantity of
issuance of private debt, and money must be usegaCh gOOd in each perIOd. Let the Utlllty function of an
to pay these purchases off. The use of money fogent be
settling debt is conceptually distinct from its direct
use as a medium of exchange. In the equilibrium(L) WXy, X0, Xy e1y o) =
one should be able to identify separate transactions 0 0
where the two types of use occur. OU(X;) + V(%) ifagentiisinC

3. Besides there being transactions in which money is
exchanged for a good, there are also transactions in
which money is exchanged for a debt that has not D\/(x2 ) if agenti is in C &

0"\ 21 o]
yet been settled.

To formulate such a model, | follow the general strat- Assume that all the functions on the right side are strictly
egy that was introduced by Sargent and Wallace (1982)ncreasing, are strictly concave, and satisfy the Inada con-
who exhibit an equilibrium that has the first two attri- dition that the limit of the derivative as the argument
butes. The idea is to use an overlapping generations mogends to zero from the right is infinite.
el, so that money can have value in equilibrium and its ~ Given this specification of utility functions, and given
use can be essential for efficiency, and to posit some hethe focus on stationary allocations in this study, the fol-
erogeneity among agents within each generational coholdwing notation that suppresses time subscripts will be
in order to provide an incentive and efficiency rationaleconvenient;
for other types of transaction to occur. | proceed by first

Modeling Strategy

To address the welfare questions discussed in the intr
duction requires a model in which the following three
means of payment, which are observed in actual econgs,
mies, emerge endogenously in an equilibrium:

0
EU*(XH) + V.(x,) ifagentiisinD E{

constructing two simpler model economies, in order to X, = consumption ok, by an agent irC,

make clear how subsystems of the main model work. To ) , _

begin, | specify the population and endowment structure X, = consumption ok, by an agent i,

that are common j[o all the models. N X, = consumption ok, by an agent i,
Before beginning the technical exposition, however, .

let me emphasize that the overlapping generations struc- X, = consumption ok,, by an agent irD,.

ture of the model is a technical convenience. The aim is

to formulate the simplest possible model in which the Note that agents i wish to trade with members of

various kinds of transaction observed in actual economietieir own age cohort irC, while agents inC wish to

can all play a role and in which welfare questions regardtrade with members of the next age cohorDinThus, it

ing those transactions can be framed and analyzed. Thall be seen that, as in the standard overlapping genera-

spirit of the modeling exercise is that this model is exem-+ions model of money (as well as in most other models

plary of models with a lack of double coincidence of in which fiat money is endogenously valued in equilib-

wants and with restrictions on agents’ access to marketgium), there can be no mutually advantageous trades un-

These fundamental economic features of the model ardess fiat money has value.

what lead to the results; consequently, one would ConﬁEfﬁcien c
; Yy

dently expect parallel results from the analysis of more

realistic models with the same features. From this per; concentrate on stationary allocations, that is, those in

ive. th ific d hic struct fth d hich corresponding agents in distinct age cohorts re-
Speclive, the Specific demographic Sructure of tn€ Modedy o jentical lifetime consumption bundles, except for
formulated here is a matter of convenience, although i

. = . .the dating of their goods. (The consumption of an agent
might be of great significance in the case of other appll-In C, is identical to the consumption of an agenpat
cations.

periodt + 1.)
The Model An efficient stationary allocatioris a stationary allo-
The Population cation that solves the problem of maximizing a weighted

In each time period = 1, 2, 3, ..., a sef, = C, 0 D,of  SUM of utilities of the members & andD in each age

agents is born. The populatioBsandD, each consist of CONOrt. That is, %, %,%, %) is efficient if, for somert >
a continuum of agents, of measure 1. | will sometimed: it Solves the problem

refer to the agents i€, and D, ascreditorsanddebtors, , x .
respectively, since the debtors will borrow from the cred-(2) ~ Max ki(x) + VO)] + T{u. () + ()]

itors in the equilibrium trading pattern of the model. subject to the feasibility constraints that

Each agent lives for two periods §ndt + 1). Further- .

more, there is a sef, of agents, thénitial old (also a (3) X +x =1



4  X+x=1 Modeling Money, Debt, and Intermediation

o N _ A Basic Overlapping Generations Structure:
A necessary and sufficient condition for a feasible stavajued Fiat Money

tionary allocation to be efficient is that Suppose that, in each period 1, 2, ..., all of the agents
. X currently alive are able to trade among themselves in the
(B) VU (X) = Vi () (x). following pattern. First, the agents @, trade with those

in D,. Subsequently, the agentsin trade with those in
| study this criterion of efficiency because of its tech- C .

nical simplicity and because it implies the standard Pare- | show that, because each agenCipholds a unit of
to-efficiency criterion. An efficient stationary allocation money, there is a trading pattern for goods that can
is Pareto efficient in the set of all feasible allocations ofachieve efficiency in this market structure. Youly
the infinite-horizon economy, as shown by Okuno andagents give some of their endowment to @dagents
Zilcha (1980). o _ 3 and subsequently receive some of the endowment of the
~ I am concerned with implementing a specific alloca-youngC agents. The entire money stock is passed in the
tion under various constraints on market access. To deypposite direction to goods at each stage, so that the old
fine the allocation, consider a two-agent exchange ecorg agents continue to be the money holders at the begin-
omy. The first agent is endowed with one unit of good 1ning of each period. If prices are set appropriately, mar-
and has the utility functiom(x) = u(x,) + v(x;). The sec-  kets clear and all agents have incentive to make the effi-
ond agent is endowed with one unit of good 2 and hagijent trades.

the utility functionw(x) = u.(x) + v.(x;). Define the sta- o formalize this idea, let each periote divided in-
tionary allocation %;,%;,%;,%;) by stipulating that%,%;)  to two subperiods;, 1 andt.2. Market participation is de-
and &, %;) are the Walrasian consumption bundles ofscribed in Table 1, which lists the agents who have ac-
these two agents. Note that equation (5) is a necessaggss and the goods that are traded within each subperiod.
condition for a Walrasian equilibrium of the two-agent Money is also traded in each subperiod, and it is the nu-

economy, so the corresponding stationary equilibrium ofneraire'* It will be represented as the last coordinate of

the infinite-horizon economy is efficient. a price vector.
Clearly, the Walrasian price that supports this equilib- That is, in the market irt.1, there is a pricep' =
num Is (p3,1) that has only two coordinates, since good 2 (that
X is, the debtors’ endowment good) is the only good avail-
6 p=(1K, 1K). able to be traded. In the market 2, there is a price
3 o vectorp? = (pZ,p3,1), since both goods 1 and 2 are avail-
Market Access, Securities, and Equilibrium able in the market. (By the Inada condition an debt-

| complete the specification of the economy by imposingors will not trade away their entire endowments. in)
EXD_"CIg constraints on agents’ access to markets in each | adopt the following notation to represent net trades.
period: In each period, there will be a sequence of sub-A net trade is always represented by the variabtehich

periods. In each subperiod, only a subset of the agentsan have the following superscripts and subscripts:
currently alive will be able to trade or settle debts. In or-

der for trade or debt settlement to be transacted between 1+ AN asterisk superscript immediately followiagn-
agents who do not have direct access to one another, dicates that the net rade belongs to an ageBt in
money or another security must be accepted by a third 2. A numerical superscript indicates the subperiod in
agent or even by several intermediate agents. which the net trade is made.

Equilibrium is defined in terms of two features: agents 3. A prime on the numerical superscript indicates that
are price takers who make optimal trading plans, given  the net trade is made by an agent in the second pe-
prices in the markets to which they have access (includ- riod of life (that is, by an agent iA,_, in periodt).
in_g correctly anticipated prices in markets to which they — , A subscript indicates a coordinate ofA numeri-
will have future access); and markets cléar. . cal subscript 1 or 2 refers to one of the two goods

For clarity, | consider three access-constraint Speci-  ,ailable in the period of the market, and a letter
fications below. In the next section, | specify the con- g serintm (money),d (debt issued in the current
straints in such a way that only the use of fiat money is period),d (debt issu’ed in the preceding period), or

required to support an efficient equilibrium. Following n (debt arising from novation, which will be intro-
that, | specify the constraints in such a way that debt, as 4 ,.eq later) may also occur.

well as fiat money, needs to be used. Finally, | specify
the constraints in such a way that the debt must be inter- The letterp denotes a price vector. A numerical su-
mediated in order to be settled. Also in this final specifi-Perscript onp indicates the subperiod of the market to
cation, either the stock of money must fluctuate withinwhich this price corresponds. A subscript pnwhich
each period, or the debt must be exchanged for debt i§an take the values just defined, indicates a coordinate.
sued by the intermediary (that is, novation must occur), An agent inC; has access in2 (for t > 0) and in

in order for an efficient stationary equilibrium to be sup- (t+1).1. The agent makes a net trade (7,2, 7y) in t.2
ported. and a net trade" = (z,z+) in (t+1).1. Thus, the market-

constrained optimization problem of an agen€jns

(7))  maxu(x,) +v(x)



cient equilibrium here bears very close resemblance to

subject to the efficient overlapping generations equilibrium. In par-
(X, X) O 02 7220 ticular, money has value, but there is no credit, and there
, is no role for a monetary authority.
x=1+7 Zn 2 7 . .
, Reversing the Order of Transactions
X, =12 pZ<0 Within a Period: Debt Securities
230 02 <0 Now consider the opposite order of transactions. That is,

suppose that first the agentshi trade with those irC,

(Note that, by the specification of the agent's endow—aanI subsequently the agentsGy, trade with those in

ment and utility function, utility maximization will clear-
ly imply that z = ' = 0 andz}, = -Z2. An agent inC,
only makes net tradg, and utility maximization clearly
implies thatz, = -1; that is, old creditors dispose of
their entire money stock.)

L
For fiat money to be passed from the @dgents to

the young ones, it would have to pass through the hands

of the youngD agents. But since those agents do not

meet the oldC agents until it is too late to deal with the

. . young ones, that cannot happen.

An agent inD, has access il andt.2 and makes net If it is possible for young agents to issue debt securi-

3 by o 33 w2 Ao\ : .
i et et sananand opure 1t ey ay i oney e tey are o, ten here
zatién problem is‘ Is a soluylon. The younfp agents can use these securi-
ties to finance their consumption of goods purchased
from young C agents, then give some of their endow-

(8)  maxu.(x) +W.(x) ments to oldC agents in return for their money, and fi-

subject to nally carry the money into the next period and use it to
. ) 1 repay the holders (who will still be alive since they are

(%3, %) O 0% Zy 20 young when the debt securities are issued). This repay-

X, = 72 72271 ment of debt requires an additional subperiod in each pe-

riod, which | will assume to occur between the two sub-
X, =1+zZ+2z7? p'zt<0 periods where markets occur. Although from an ex post
perspective, repayment of debt is a mandatory transfer,
not a voluntary exchange, it will be treated formally as
an exchange. That is, after a debt is repaid, the debtor’'s
portfolio holds a zero quantity of debt.

The debt security traded in this economy is a com-

zt>2-1 p’Z?<0.

The structure of trading in this environment is indi-
cated in Chart 1. Time is on the horizontal axis. An

agent’s life span is depicted by a thin horizontal line Ofmitment to .

S . X X pay one unit of money to the bearer, at some
two ﬁ?rr'?ds Iengtrg.hV\ﬁthm e;(’:\cth period, the Sﬁbpe”%dstime during the period following the period in which the
N WhICh an agent has market access are Snown DY gy security is issued. The quantity of this security that

thickening of the line in_to a bar. (A thiF‘ vertical Iine' an agent acquires is denotddThat is, issuing a unit of
connects these bars during each subperiod.) The top l'%bt corresponds to choosidg: —1 '

(extending only t_hrough period 1) .GJ' Aiter that, there . Table 2 shows the order of transactions within each
are four generations having two lines each, representlngeriod t. The last column shows, for each subperiod,

Dt andC; in descending order. which goods (1 and 2) and asseatsafd m) are traded.

Since G, 4, G, and Dy ‘T"” have _the same number of These are listed in the order they appear in the price vec-
agents, the market-clearing conditions for this econOMY . The numeraire is last

are that The market-constrained optimization problem of an
© 2= agent inC, is to make net trades, 7%, andZ® that solve
(10) Z=-72 (15)  maxu(xy) + Vv(x)

Now it is straightforward to verify, using equation (5), subject to

that the Walrasian stationary allocatio, ¥, X;,%5) is an (%, %) 002
equilibrium allocation of this market structure. Equilib-

rium is supported by the following net trades and prices: x=1+z p'z'<0
=2 A <0
1) p=(1% 1) , ,
L =0 2 >-7
(12) Z'=-Z'=(%"1) , ,
. 7220 Z =7
(13) p*=(1Ky, 1%, 1)
14) Z2=-72=(-%01). The market-constrained optimization problem of an
14) 2= (%01) agent inD, is to make net tradeg’, Z*, andZ? that

Because the€ agents closely resemble the agents inSCVe

the standard overlapping generations model, andbthe R R
agents want only to trade their endowment good for 416) ~ Maxu(x) +v.(x)
contemporaneous good, it is not surprising that the effi-



subject to 2. All agents inC,_, enter the market. Agents D;_,
also enter the market and have the opportunity to

(X, %) 0 02 pay the debt securities to their creditors.
X, =7} piZt <0 3. All agents .ir_1Ct_l can trade money for outstanding

X X X X debt securities that have not been settled. For now,
X%=1+Z'+7> p’Z3<0 assume that no new debt can be issued in this sub-
21> -1 77573 period.

v v 4. Agents inC;_, trade with agents irD, and then
23>0 zZ2=27 leave the markef
5. Agents inDY_; enter and have the opportunity to

The structure of trading in this environment is indi- pay their debt securities to anyone@j_, who is

cated in Chart 2.

. " . holding them.
The market-clearing conditions for this economy are o , .
that 6. Agents inCY_, trade with agents iD,.
. This structure is represented in Table 3.

(17) Z=-71 Subperiods.2 andt.5 are distinct from subperioB.
(18) 7 =-7? In t.2 andt.5, debt is being settled at face value. In con-

B trast, int.3, debt is being purchased at market terms prior
(19) £ =-7° to settlement. Here, as in the other markets where volun-

tary exchange occurs, the price must be determined en-
Again, it is straightforward to verify that the Walrasian dogenously by agents’ optimization together with mar-
stationary allocation%,%;,X;,%,) is an equilibrium allo- ~ ket-clearing.
cation of this market structure. Equilibrium is supported When an agent is young, the agent's incentive to

by the following prices and net trades: trade with another member of the cohort is evidently af-
fected by what the agent knows or believes about both
(20) p'= (1K, 1R, 1) its own subgroup and the trading partner’s subgroup in
v the market structure when the two agents are old. | as-
(21) z'=-Z'=(%,01) sume that no information about these matters is available
22) Z=-7?=(-11) until the second period of the agents’ lives. Later, | dis-
’ cuss an implication of this assumption for welfare analy-
(23) p*=(1&, 1) sis.

Another question concerns the structure of debt secu-
rity issuance. Is trade bilateral, so that each yoilng
. e . agent issues one debt security to a single ydDrgent?
et il i arsacton LSS O do each your agent make maprchases o
ties, but the debt securities are not %termediated an 1any youngC agents, so that eac_ﬁ agent holds a
ther’e is no role for a monetary authority ' _|ver3|f|ed porrfol!o of_smqll_—denomlnatlpn dgbt securi-

' ties afterward? Risk-diversification considerations would
Separation Within a Cohort: seemingly lead th€ agents to prefer the latter arrange-
Intermediated Debt Securities ment, if it is feasiblé? The diversified, nonstrategic trad-
Now | come to one of the two main market structures ining arrangement will be modeled here.
this study. In this structure, not all agents of the same co- This arrangement implies an asymmetry in the inter-
hort can communicate directly with one another in thepretation of the quantity of debt securities held by an
second period of their lives. Specifically, some debtorsagent. If an agent holds a positive quantity of these, then
are not able to repay creditors to whom they have issuethat quantity represents a diversified portfolio of securi-
debt. Those creditors therefore need to sell their debt tées payable by all issuers in the economy, in proportion
other agents with whom the debtors can communicatg0 those issuers’ amounts of debt outstanding. If the quan-
These purchasers of debt thus serve as intermediaries tify of debt is negative (that is, if the agent is an issuer of
the settlement of the original transactions. debt), then it represents debt issued by the agent.

To formalize this environment, define the partitons Here, as in the market structures studied above, equi-
C,=C; O C} andD, = D, O D, for eacht > 1. Define  librium is defined in terms of agents’ optimization togeth-
Cj = C,. For eacht > 1, let there bey 0 (0,1) agents in  er with market-clearing. The objective function of an
C;andd O (0,1) agents iD;. agent inC, is slightly different here than above, since the

The market structure will be specified in such a wayagent's consumption can depend on whether the agent is
that creditors inC; cannot be repaid i+ 1 by debtors in C{ or C{. | assume that such an agent maximizes ex-
in DY. To make this specification, consider the following pected utility and assign probabilito the event that the
sequence of trading-opportunity subperiods within eaclagent is inC; and consumes bundi¢ and 1 -y to the
periodt > 1. (Only the first and last subperiods occur for event that the agent is i@} and consumes bundi€, in

(24) Z=-7°=(%"-1).

t=1) periodt + 1.
. . The optimization problem of an agent®) then, is to
1. All agents inA, trade with one another. choose net traded, 2, 2. 2, 7. 7., 2. andZ to

(25)  maxu() + W% + (L-YV0E)



subject to constraints. The constraints and market condin C' with the amount enjoyed by an ageniGri in equi-
tions are conceptually straightforward, but they are nulibrium. The following allocation shows that the consump-
merous because the environment is so complex. They ation of an agent inC' is lower, so the fact that too few

presented in the Appendix. debtors have market access in subperiod 2 induces con-
The structure of trading in this environment is indi- sumption inequality among agents who are identical ex-
cated in Chart 3. cept for market access. This inequality is risk from an ex

ante perspective, so from that perspective it is a Pareto-

ITr1I$£f I%ﬁﬁgtoggggﬂ?:qgt described permits tradin o%n efficient allocation among risk-averse ageffts.
J P 9 Specifically, an agent i€;_, receivesd units of mon-

goods and three financial assets: monay, ew debt evi . ; .
; ! y in settliement of debt in subperiod 2 grid1-0) units
(d), and seasoned delat'), It is clear that there exists a of money from sale in subperiod 3 of debt not yet set-

pattern of trade—involving goods for new debt, gOOdStIed Thus, an agent i€;_, holds less than one unit of
for money, and seasoned debt for money market trang: ﬁnone ’to trade in sutlSl eriod 4
actions, as well as settlement of seasoned debt—tha{Sl In subge riod 3. an age%t @ épen ds all its money

) t-1

achieves the stationary efficient allocation. That pattern . i ed in settiernent of debt in subperiod 2 to purchase

of trade requires goods and assets to be exchanged Rt at pricep < 1, which will be settled at par in subpe-
particular ratios. If those ratios are not the same as thﬁod 5 Thus thé agent will hold more fiat money in

e oy i ot " ubprc  han f th agent had o uaded n te sec
tive equilibrium allocation of the economy. Following ondary_ mar_k et. That is, the agent will .hOId more than
Freeman (1996a, b), | show that equilibriL.Im is ineffi- °'¢ unit o_f_ﬂa_m money (o tr_ade in subperiod 6.

r In equilibrium, agents irD, must sell their endow-

C|e|n L': ?nntizogfrﬂ%ggf ge> SéL-J osing that. in suboeriod"eM good for the same price in subperiod 4 as in sub-
9 g Y SUpposing ’ b cgeriod 6. Therefore, an agent@{_, consumes more of

Secies for oné unit of money t5'be deiered in period 12t 900 thah does an agentGi, since the agent in
y p CY_, has more money to spend at the identical price for

t. (It is easy to see that, except in autarky equilibrium, 00ds
the entire money stock of one unit must be passed from '

cohort to cohort in a stationary equilibrium.) Note that Chartering a Monetary Authority
market-clearing in that subperiod implies that each agerb Achieve Efficiency

in D, owes one unit of money in periddBy diversifi-  Rapresenting a Monetary Authority

cation, in subperiod 2 in periogl each agent ifC._; re-  Wwjithin the Model

ceives a total ob units of fiat money from the agents in Before | present a result from Freeman (1996a, b) re-
Di., and is still owed 1 -5 from the remaining agents in  garding the potential role of a monetary authority in
D._.. Agents inCy_, will not be able to collect their pay-  achieving efficiency, it is worthwhile to reflect on what a
ments from those debtors in subperiod 4, though, SO ifyonetary authority is and on how it ought to be modeled
subperiod 3 they will sell the debt securities still in their i this formal environment. First, consider what Freeman
possession to other creditors who will participate in suby1996b, pp. 1129, 1134) assumes about the monetary au-

period 4. . thority and how he characterizes its optimal policy:
Agents inC,_; regard debt as worthless except in

trade in subperiod 3. They will trade away their full in- ~ There exists . . a monetary authority able to issue fiat
ventories at any positive price. money . . . . This authority issues an initial stock of . . .

Debt is certain to be paid by subperiod 5, and agents [money] to each |n|t|_al old c“red|tor c ?u_ppose that the
in C!_, do not need to use fiat money until subperiod 6, . Monetary authority (or “central bank?) is now autho-

h ts will be willing & to the f | rized to issue and lend fiat money equal to the nominal
So these agents will be willing 1o pay up 1o the face val-  5myoynt of debt presented by any of the late-leaving credi-

ue of debt to obtain fiat money in subperiod 3. tors .. . . This central-bank loan must be repaid with fiat

Thus, all money held by agents@{_,, up to the face money upon the arriva. . of thelate-arriving borrowers.
value of the debt held by agents Bi;_,, will be ex- i .
changed for that debt. This determines the equilibrium_ Because the monetary authority is described as deal-
price in the secondary market. ing with the creditors in every cohort, superficially it

At the beginning of subperiod 3, the aggregate amourftight seem that the authority must be an infinite—liv_ed
of money that will be provided in settlement of the debt@9€Nt. In that case, the monetary authority would be in a
in the possession of agents @) , is y(1-3). The fotal  POSition to provide intermediation services that no pri-
amount of money in the possession of agent€'in is VA€ agent could provide.

(1-y)3. Thus, the competitive price in subperiod 3 of a . I1Ere IS & convincing argument that this is an inad-
debt claim for one unit of money is visable way to think about the role of a monetary au-

thority or, in general, an agent that carries out public pol-
. 15 .. . . . .

26 3 = min 1. (1-\SV(1-O). icy. Th_e criticism has to d'o with a dilemma regardmg

(26)  pa (L, A)M1-9)] how to interpret the restrictions on market access in the

model economy. These restrictions could be interpreted

as reflecting technological restrictions, but then why the

diaries is a bottleneck in some sense. It remains to bE1ONetary authority is not bound by the same constraints

shown that this bottleneck causes Pareto inefficiencyl 't Private agents face would be inexplicable. Alterna-

Freeman's (1996a, b) argument continues with a Comloap_vely, the restrictions could be interpreted as reflecting

ison of the amount of consumption enjoyed by an agenlpstitutional or legal constraints from which the mone-

If <y, thenp<1.
Thus, if d <y, then availability of money to interme-



tary authority is exempt, but then the most natural welHssuance—is an artifact of government policy rather than
fare conclusion to draw from the inefficiency of compet- being intrinsic.)
itive equilibrium would be that those constraints on pri-  Nothing in the formal model requires that this special
vate agents ought to be relaxed in general, not that theiacentive arrangement be offered only to a single agent.
is a rationale for a distinguished agent to be granted # could be supposed instead that all agentsCih,
special exemption. These seem to be the only tenable invould be subject to the arrangement. However, the im-
terpretations of the market-access restrictions, and neplicitly assumed monitoring and enforcement functions
ther provides a good basis for understanding the role of are presumably costly to carry out. It would be ineffi-
monetary authority. cient to exercise them over all agents@¥_,, or even

On closer inspection, though, the monetary authorityover several of them, if one agent can make all the trans-
does not intermediate between agents who do not meattions required for efficiency. This consideration sug-
one another. In every period, it issues money in subpegests that the activity of central banking is probably a
riod 3, which it uses to purchase seasoned debt. Then, matural monopoly.

subperiod 5 in the same period, it absorbs the money '}_?elationsh/p to Central Bank Independence

receives in settiement of this debt. Thus, rather than Sloec'I'his agent-within-the-model interpretation of the nature

fying that there is a special, infinite-lived agent in the f : thority is different f ih al-plan-
model, one can equally well specify that, in subperiod 2° a_n:one "’H au thor;ty IS artter etn ]Etom eksocll\la p?t?]
in each period, one of the agents i6”_, is designated to Iner n r(]erpre ation | h&'l er::onon(wjlsls_ orten maxe. Nevertne-
be the monetary authority. ess, the agent-within-the-model interpretation is conso-
nant with the views expressed by distinguished scholars
How a Monetary Authority Can Achieve Efficiency of central banking, such as Sayers (1967), Cairncross
Consider what can be accomplished by such a moneta§t988), Goodhart (1988), and Cukierman (1995). Nu-
authority, which consists of one agent in each cohorierous central banks, including the Bank of England,
(specifically, inC{_,, in each periodt) who is autho- were initially chartered as private joint-stock companies
rized to behave differently in one respect, and is conand continued to operate under that form of ownership
strained to behave differently in another respect, fromong after their public policy roles were firmly estab-
the other agents. This distinguished agent is authorizelished. In many countries today, including the United
to create money in subperiod 3 and is required to deStates, payment-system activities of the central bank con-
stroy in subperiod 5 an amount of money equal to thatinue to be conducted under a corporate charter, and the
created. Specifically, the agent is authorized to creatgovernment is at most a minority owner. Thus, it is very
y(1-0) — (1~y)d units of money for purchase of sea- appropriate to model the monetary authority as being
soned debt in subperiod 2, so that (by the argumentlentical to a private agent in most respects.
leading to (26) in the laissez-faire cagd)= 1. This in- However, despite their corporate form, central banks
tervention eliminates the inequality of consumption be-are organized in a way that induces a markedly different
tween agents iIC;_, and those inC}_,. Thus, it attains outcome from the operation of an ordinary corporation.
efficiency from the ex ante perspective. Ownership of a central bank is typically an entitlement to
Interpreting the monetary authority in this way, as be-a fixed income stream (analogous to ownership of pre-
ing one of the private agents in the population who is seferred stock, rather than common stock), with residual
lected to carry out a special responsibility, avoids mak-profits actually accruing to the government. From a per-
ing the suspect assumption that the monetary authoritgpective such as that taken by Jensen and Meckling
has a mysterious technological superiority over the pri{1976), the government is the true owner of the central
vate agents. This interpretation also has a clear implicabank (as the residual claimant of its profit stream), and
tion regarding the nature of the contract to which thethus control of it by the nominal owners is really a means
monetary authority is subject. That authority is exemptof separating ownership and control in economic terms.
from the prohibition that other agents face against cre- To the extent that the nominal owners of the central
ating money (that is, against counterfeiting). However, itbank have the primary influence on the appointment and
is expected to absorb the money received in settlement iretention of its governor and other senior executives, it is
subperiod 5 (with the exception of money received inforeseeable that the executives will have relatively small
settlement of debt in its private portfolio, as opposed tancentive to maximize profit. Other charter provisions,
the debt initially purchased with newly created money),such as restrictions on the types of asset that can be held
rather than to spend that money in subperiod 6 to financi the portfolio, complement the ownership structure by
consumption for itself. For such an expectation to be ful-constraining the central bank from emulating the deci-
filled, the monetary authority must be constrained insions that private agents would make to maximize profits.
some way, or its incentives must be modified in some The fact that central bank charters have such striking
way, that is not represented explicitly in the model. Thisand idiosyncratic provisions, which are recognized to
implicit assumption is analogous to the implicit assump-safeguard central bank independence from the residual
tion of some enforcement technology to compel repay<¢laimant of the bank’s profit, constitutes evidence in fa-
ment of debt. Subject to this assumption, the presentor of the modeling approach taken here: to represent a
analysis shows that the difference between a monetamnonetary authority as an agent with the same intrinsic
authority and an ordinary private agent is simply one ofopportunities and capabilities as other agents, but with
incentives and not one of intrinsic opportunities or capadifferent induced incentives or legal constraints. Con-
bilities. (The one obvious advantage that a monetary awersely, if the market structure specified above, which
thority typically enjoys with respect to private banks—arequires intermediaries to settle transactions, is the one
monopoly, or at least a competitive advantage, in notehat would exist under laissez-faire, then the fact that an



efficient allocation can be achieved by a departure fromgood. The security, or another security of the same type,
profit maximization on the part of the monetary authorityis thereafter removed from circulation by the issuer. In
provides a normative argument in favor of central bankthe case of money, this happens in subpetibdvhen
independence. the seasoned debt that was purchased with newly issued
Institutional and Contractual Alternatives money is _settled. In the case of novation d_ebt, the money
received in settlement of seasoned debt in subpeffod

to Central Bank Participation is used to settle the novation debt in subpetiéd Only

A careful statement of the conclusion reached above 'ﬁ/ith respect to the specifics of how removal from circu-

that, if the market structure requiring intermediaries Werg_n is accomplished does novation debt differ from
in effect and there were no participation by a monetary. ey in more t?] an name

authority, then central bank participation in the form of Implicitly, though, money and novation securities dif-

open market operations, or eql_JivaIent intgrvention _tq r in much more than name. What differs between the
support the secondary-market price of debt in Spre”Oﬂio asset structures is the institutional framework of

3, \t/voutlﬁ s?pport a]lcn_emmeni[_l;al_locatl?ln th?t P"’flreto'dom"ownership, monitoring, and enforcement that must exist
gﬁtgsp ergpeagif/iz_ are equiibrium afiocation from an €x, support them. In contrast to the di_stinctive features of a
o . . ._central bank that have been mentioned above, a clear-

The applicability of this analysis to actual markets is,, .\ ,ce that operates by novation and substitution is
an open question, because it is not certain that the mark_ biect to roughly the same framework of contract and

structure requiring intermediaries to settle transactions iRnforcement as is a private debtor, Although it would be

It(r:; gt?ﬁciﬂ?é ggg&;@ﬁgg uz\cljaetrel_?:zgzr'?'fhtltgﬁ;tm?an exaggeration to claim that a central bank is totally
) . P 9 Pronlike a clearinghouse (especially since a clearinghouse
vide payment services, such as escrow agents and cleaf-

inghouses. It also abstracts from contractual features g typically chartered as a nonprofit corporation, is jointly

avment. such as contract netting and novation wned by a group of the banks that it serves, and has
P )I/n thié section. | discuss ogne such rivéte-sectoreStriCted powers that prevent it from competing directly
' P With them), in practice the distinction between them is

arrangement that can achieve efficiency in the mtermedléuIO stantial and easy to recognize.

aries environment. This arrangement resembles an inter- Historically, clearinghouses preceded central banks in

Qiﬁiigé?iﬁfeznﬁzugn i?sr:aollf ?grbzgtgtt'og ggfg 's f‘#:ﬁwost industrialized countries, and central banks were
original issuer) tg s)(/ettle co?/wtracts Althou I{r)n)tgere arg Varghartered in part to address perceived inefficiencies in
9 : 9 the payment systems where those clearinghouses were

lous types of intermediary in an actuial economy that re'already operating. Despite the presence of central banks,

semble this theoretical arrangement in some respects, t%ich have tended to be advantaged relative to clearing-
parallel with clearinghouses seems especially sttong. houses in point of their legal powers, clearinghouses

A Market Structure With Novation Securities continue to exist and to play a major role. These facts
An alternative to having a monetary authority is for suggest that probably neither institutional form has an
agents inCY_; to issue debt securities—callewbvation — absolute advantage over the other. The basic model of
securities—in subperiodt.3 in return for the debt secu- intermediated debt and its extension in this section can
rities of traders inC;_; that have not yet been settled. perhaps provide a basis for thinking systematically about
The agents irC;_; will exchange these novation securi- the relative advantages of each type of institution in vari-
ties for good 1 in subperioti4. The novation securities ous circumstances.
will be paid in subperiod.6, when the agents D, who
e e e S0ETI .o O Novaton an Substur "
and the novétion securities v(/iII trade at face value ThusA noteV\_/orthy feature_ of the exten«_jed mo_d_el just dis-
again, the risk induced by trading-opportunity uncé rtain_(;ussed is that it permits an economic definition of nova-
ty will be fully insured, and efficiency will be achieved, Uon and substitution. This operating procedure of a
The asset structure of this economy is described bcleannghouse is typically described in institutional terms

. ) ; Yelated to contract law, as in the following quotation
gggg%gg\ﬁq%;)geit (dencteji to the trading structure f_rom a report of a committee of the Bank for Interna-
The budget constraints and market-clearing conditiongIorlal Settlements (the Angell Report 1989, 2.5):
for this market structure are straightforward modifica- One type of arrangement would establish a clearing house
tions of those for the market structure that requires inter- that would be substituted as the central counterparty in
mediaries to settle transactions. deals submitted for netting by participants in the arrange-
With respect to the characteristics of securities that Ment, in order to effect a binding multilateral netting
are represented explicitly in this model, there is hardly 2mMong those participants (‘multilateral netting by novation
any difference between this novation security and the and substitution”).
money issued and reabsorbed by the central bank above. Such substitution is exactly what takes place, in the
Both money and the novation security are issued byequilibrium of the asset structure discussed above, when
agents inCY_, in subperiod.3 to agents irC;_, in return  agents inC;_; swap debt issued by agents y_, for
for the debt held by those agents. The agent€in  novation securities (also debt) issued by agentS'in.
trade the newly issued security (money or the novatiorEach agent inC._; has a different portfolio of specific
security, depending on the payment arrangement) in sulalebt securities after this swap than before. However, each
periodt.4 to agents irD, for those agents’ consumption of these agents has the same net credit position afterward

An Economic Definition



as before. Agents if;_; hold debt securities both before the islands, then only a subset of the securities having
and after the swap, and in equilibrium, the face value ovalue @/I can be settled. In sharp contrast, agehtwill
the securities (as well as the market value) is the sameeceive settlement on all the seasoned délior which
Agents inC}_; change from being only holders of debt the agent trades novation securities that it issues. Conse-
before the swap to being both holders and issuers aftequently, agents irCi_, will bid the novation security
ward, but again, there is no change in their net crediprice of seasoned debt (that ig,/p?) up tol, rather than
position. Thus, it is clear thatovation and substitution only up to par. Subsequently, in subperio$l agents in
can be defined in economic terms as an issuance and &2; will recognize that only 1/of the novation debt will
change of debt that leaves the net credit position of albe settled; so as a result of their optimization, the money
agents unaffected. price pf: of a unit of the novation security (specified to be
The economic role of novation and substitution is tosettled in subperiod.6 for one unit of money) in that
transfer debt from agents who do not have an opportunitgubperiod will be only 1/ Thus, the amount of good 2
to receive settlement of it to other agents who do havéhat an agent irC;_; can obtain by exchanging a unit of
that opportunity, without affecting anyone’s wealth posi-seasoned debt for novation securities and then exchang-
tion and in such a way that the initial debt holders haveing those for consumption igpi/p3) = 1/o5, which is the
trading opportunities (that is, liquidity) equivalent to what same amount that the agent could obtain in the model
they would have had if their initial debt holdings had economy with novation securities. That is, equilibrium in
been settled rather than traded. a version of that model economy with islands would still
be efficient, because agents with rational expectations

Failure of a Clearinghouse to Settle uld fully adjust in market equilibrium for the occur-

: WV
There is a consensus among payment-system experts thal, ... ¢ setiement failure on the part of intermediaries.
the failure of a clearinghouse to settle its obligations cre-

ated by novation and substitution is an especially wor- The efficiency of this equiliorium is one reason it
. y o o P y would be a mistake to suppose that participation of a
risome systemic risk. This view is clearly expressed b

. ymonetary authority is necessary to attain efficiency in
the Angell Report (1989, 116.27.v): Freeman’s (1996a, b) model. Of course, the argument in

Multilateral netting by novation and substitution has thethe preceding paragraph makes it clear that the interme-
potential to reduce liquidity risks more than any other in-diary’s inability to settle in the model economy differs
stitutional form, but this depends critically on the financial radically in its foreseeability from the type of settlement
condition of any central counterparty to the netting; if the fajlure on the part of an actual intermediary that con-
liquidity of a central counterparty is weak, the liquidity cems policymakers so much. This is not to say that pol-
risks O]E lghllst |ns|t|tut|t<t3_na| gorm m?y bttehgreatg_rt th"’l‘(” 'r} tﬂ_e icymakers’ concerns are necessarily warranted, but rather
case of bilateral netting by novation; the credit risks of this
institutional form are ggneyrally less than in other forms thatthat models of setlement do not yet reflect some of the
have been considered, subject again to the identity and corﬁgatureS of ,the actual economy that are crucial to reason-
dition of any central counterparty. ing conclusively about those concerns. _
The other reason it would be a mistake to interpret
Although Freeman (1996a, b) does not make such @reeman’s (19964, b) model as justifying a necessary role
claim, one tempting way to interpret his result is thatfo, 4 monetary authority is directly related to the con-
the inability of agents irC" to settle novation securities gjgerations discussed above regarding the constraints fac-
makes the involvement of a monetary authority indis-ing 4 central bank and their relationship to the constraints
pensable in attaining efficiency in his model economy.ia; face a clearinghouse. The import of my arguments is
Such an interpretation would be mistaken for two reaynat a central bank cannot be regarded as an intrinsically
Sons. . _ better type of institution than a clearinghouse. Certainly,
Before | discuss these reasons, let me mention th%ven the potential for the payment system to be abused
Freeman's model has a feature that | have omitted frong, pojitical ends, few people would be enthusiastic about
the efficient monetary authority version developed aboveyansferring the main settlement responsibilities from a
Freeman posits that, before the beginning of subperiodmqothly functioning clearinghouse to a central bank that
t.6, the agents i, and inD, are exogenously and ran- |acked independence. However, as policymakers recog-
domly dispersed among several “islands.” (This sequessize if the structure of a clearinghouse raises prudential
tration lasts only for the duration of the subperiod, o th&;gncerns, one needs to examine whether the structure can

debtor agents are able to trade in pefiadl exactly as e strengthened before concluding that the only solution
specified in the model with a monetary authority or withis for the central bank to take over the clearinghouse’s
novation securities, if they are traded.) If agentl D,  f,nction.

has accepted a novation security issued by agéni _
Ci_,, ais onisland in subperiod.6, anda” is on island ~ Conclusion _ _
1" 1 in subperiod.6, thena” cannot settle the novation This study has been concerned with the welfare analysis
security thatt holds. of central bank and clearinghouse intervention in pay-
Despite this inability of prospective intermediaries in ment arrangements. At a formal level, this analysis is
Freeman's (1996a, b) model economy to settle all (oflone by extending a model of the use of intermediated
even most) of the novation securities that they issue, theebt for payment, so that private-sector intermediaries
market structure involving those securities will still be can issue debt that corresponds to the clearinghouse
efficient. To see this, suppose that there lagistinct is- ~ practice of novation and substitution. If such debt can
lands. If the face value of novation securities issued bype issued, then the resulting market equilibrium under
an agent ina” O C_; is @ and if those securities are laissez-faire is efficient, so there is no need for direct
traded to agents i®, who are dispersed equally among participation by a monetary authority. This result can



even hOId, In .the extended version Of a model environ- "The process ofiovation and substitutiomvolves a contract between a pair of
ment (which is seen to be very special, however) wherelearinghouse membefsandB being replaced by two contracts: one betwaemd

H P clearinghouse and the other between the clearinghousB. &amdtach contract,
intermediaries are unable to settle some of the debt thél&g clearinghouse is obligated to make the same net trade as was the party that it re-

issue. places.
Although issues of institutional governance lie be- ®This secondary-market transaction can be structured in various ways. The debt

yond the scope of the formal mod eI, the an alysis makeg\r:]g\leaiir; ;h(e:zafr?ron;c?]frla security payable to the bearer, or the debt can be assignable,

it clear that they are inseparable from the market €qul-  9This access is calletharket participationelsewhere, but | have already used

librium issues that are treated exp|icit|y. Whether or notparticipationin a different sense in the introduction. In a formal sense, of course, the

. . . . - - fact that each agent has access to markets in only two periods is already a constraint.
emC'enCy mlght require a central bank to part|C|pate IrlThe constraints to be introduced here will impede trade within an age cohort.

the payment system dependS on the degree to which a 1nat is, the definition of equilibrium is in the spirit of Radner (1972). A fully

central bank can promise re|iab|y and credibly to reah-2dequate equilibrium concept for this environment would allow for the endogenous
- i introduction of securities, as do Allen and Gale (1988). Instead, for each market, |
sorb money that it issues to facilitate payments and alsgjecify an exogenous set of securities to be traded. In principle, this is a shortcoming,

on whether the commercial law framework governing but—particularly since the equilibria to be studied here support efficient stationary

. . . . - allocations—apparently there would be no scope for the introduction of further secu-
the Operatlon of a prlvate—sector payment Intermedlary Iﬁties. That is, | believe that these equilibria would continue to be equilibria if a ro-

sufficient to warrant agents’ use of debt issued by the inbustness-to-innovation requirement were explicitly imposed.
termediary as a money_"ke medium of exchange. HThe only equilibrium in which the price of money is zero is autarky.

The credibility of a central bank’s promise about re- 12Alternatively, it could be specified that all agentdp, trade with agents i,
in this subperiod. In equilibrium, every agent@j_, would make a zero net trade in

absorption evidently depends, in turn, on its governanceis market.
structure. It is likely that the institutions of central bank  **Moreover, if a bilateral arangement is what one intends to have emerge as an
governance necessary for credible participation in thﬁquilibrium trading pattern, there must be some constraint on (or cost of) debt secu-

h . X ty issuance to induce it. In that case, the terms of trade would be negotiated by
payment system are essentially identical to those necegargaining within each two-member trading coalition, rather than taken by agents as

sary for effective conduct of monetary policy in a nar- Parametrically determined by an economywide price.

: 14The specification that all agents@are identical ex ante is inessential to pro-
row sense. ThUS, to whatever extent there is a need forcﬁcing consumption inequality, although it simplifies the calculation of equilibrium

central bank to participate dil‘eCtly in the payment SyS-by making all young creditors’ decisions identical. Its significance is to make an

; ; ; : H llocation with consumption inequality, which would be Pareto incomparable to the
tem, this need reinforces the considerations in favor ogqual—consumption allocation if agents were distinguishable ex ante, into a Pareto-

chartering a politically independent central bank. More-inefiicient allocation.
over, the need for political independence suggests that *°A very clear development of this argument is by Wallace (1988), in a discus-

: . ion of an analogous issue regarding the Diamond-Dybvig model of intermediation.
the central bank would typlca"y be a more appropnates The pricing below par of debt in subperit@ seems to reflect one aspect of

public-sector participant in the payment system thanmat occurred during bank panics under the U.S. National Banking System in the

would the treasury or another agency under the immediate 19th and early 20th centuries. The novation securities introduced below bear strik-
ing resemblance to the clearinghouse loan certificates that were issued during those

ate control of the govemment' episodes in the absence of a central bank. Those certificates and the central banking
role played by U.S. clearinghouses at that time generally are described by Timberlake
(1984).

*This article is reprinted, with permission, froMonetary and Economic Studies .

(May 1997, vol. 15, no. 1, pp. 63-87). © 1997 by the Institute for Monetary and Appendlx

Economic Studies, Bank of Japan. The article was edited for publication Fethe A . .

eral Reserve Bank of Minneapolis Quarterly Review. ppt|m|zat|0n and Market_Clean ng
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ar at the Institute for Monetary and Economic Studies of the Bank of Japan. He
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Hiroshi Fujiki, for comments and suggestions. However, views expressed in the arti-

cle are solely those of the author and do not necessarily represent those of the Bank

of Japan, the Institute for Monetary and Economic Studies, the Federal Reserve Barldere | describe the constraints and market conditions facing

of Minneapolis, the Federal Reserve Bank of Chicago, or the Federal Reserve Sys: . . . . R
tem. Bgents in the first main market structure studied in the preced-

Throughout this study, the termoneyyefers to outside money. ing paper: the model with separation within cohorts and a need

2AIthough | do not explicitly consider risk of the payor’s inability to settle in this for intermediated debt securities.
study, Freeman (1996a, b) does consider it. He finds that the benefit of using inter-  The optimization problem of an agent@is to choose net
mediated debt is robust to the existence of some level of settlement risk. tradeszl, 22" ZZ'l z , 23”, 24'l 25”l andZ to

3An issue that is related, although beyond the scope of this study, concerns the
scope of private-sector participation. By their regulatory policies, some governmen:iA
are encouraging nonbank firms to enter the payment industry, while others are i 1)
clined to erect legal barriers to such entry.

41t is sometimes suggested that the central bank can enhance payment—systeﬂrjb]ect to
efficiency due to its ability to guarantee immediate and final payment, which a pri- - 3
vate-sector intermediary cannot do. This suggestion seems to reflect the view that a (X]_:szx,z) oos
private intermediary would face potential liquidity crises analogous to bank runs,
which the central bank would not face because of its ability to issue new fiat money. X = 1+ z} plzl <0
However, if a central bank is empowered to serve as a lender of last resort to a pri-
vate payment-system intermediary, then this observation is not sufficient to establish X, = Zg p424' <0
that it must also participate in the payment system on a day-to-day basis, any more
than the possibility of bank runs establishes that the central bank must conduct day- " — 2(25 p626" <0
to-day business as a commercial bank. =

2
5As a model of a central bank, Freeman's (1996b) model is clearly a partial- Z,% - GZé
equilibrium model. An overall judgment about whether a central bank should partici-
pate in the payment system should take into account the opportunity cost of such
participation with respect to the bank’s other objectives. However, if the participation
of the monetary authority can enhance the economic efficiency of the payment sys-
tem, then there is at least a prima facie case for that participation.
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SFreeman (1996a) posits an artificial agent, which must be endowed with a spe- Z,?]
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cial capability (an infinite lifetime, in an environment where ordinary agents have
two-period lives) to serve as the intermediary. In the model that | present here, or-
dinary agents are able to undertake the task of intermediation.
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The optimization problem of an agentinis to choose net
tradesz?, 7*, 75, 7%, andz® to

(A2)  maxu.(x) + Vi(%)
subject to

04, 002

p'Zt<0

Zy 20 7y 22y
eh A
A I S )

The market-clearing conditions in this model economy are

z =71 VZ + (17 = -8z%
¥Z +-(1y)Z” vz =2
AF = -1  AyF =-7°
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Communication Opportunities

Between Types of Agents in the Basic Structure . . .

Table1 Trade

Who Has What Is
Subperiod Access Traded

11 C.\ D 2,m
t2 C, D, 1,2,m

C=creditor, D= debtor
1,2 =goods, m=money

Agents

IS

D

Chart1 Structure

When All Agents in Each Cohort Have Access to the Market
(Thin lines indicate life span; thicker lines indicate market access.)
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... With Reversed Transaction Order . . .

Table2 Trade

Who Has What Is
Subperiod Access Traded

t1 C, D, 1,2,d
t2 C[,], DI—1 dr m
£3 Co D 2,m

C=creditor, D= debtor
1,2 =goods, m=money
d=debt security

Chart2 Structure

When All Agents in Each Cohort Have Access to the Market
(Thin lines indicate life span; thicker lines indicate market access.)

Agents
CO
D1
C\
DZ
CZ
DB
CS
D4
C, —L
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... With Separation Within Cohorts . . .

Table 3 Trade

Who Has What Is
Subperiod Access Traded
i1 C, D, 1,2,d
{2 C., D, dm
t3 C., am
14 C., D, 2,m
5 c, Dl am
16 cr, D, 2,m

C= creditor, D= debtor
1,2 =goods, m=money
= debt security

Agents

o
D(/
c
cr

Chart3 Structure

When All Agents in Each Cohort Have Access to the Market
(Thin lines indicate life span; thicker lines indicate market access.)
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... And With Novation Debt

Table 4 Trade

Who Has What Is
Subperiod Access Traded
i1 C, D 1,2,d
t2 C., D, dam
t3 C., anm
t4 C ., D 2.n,m
th cr, D, dam
) cr, D, 2,0,m

C=creditor, D= debtor

1,2 =goods, m=money
= debt security, n=novation debt




