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Abstract

We use mechanism design in order to study efficient arrangements when the
ability of agents to perform certain welfare-improving transactions is subject
to random and unobservable shocks. We study implementation via a pay-
ment system that involves assigning balances to participants and optimally
adjusting these balances given their histories of transactions. Our analysis
has several implications for the design of payment systems. Efficiency re-
quires that, in order to overcome informational frictions, transactions that
are subject to high monitoring costs need to be subsidized. Optimal settle-
ment frequency should balance the fixed cost of settlement against the costs
arising from providing intertemporal incentives. Settlement costs must be
borne by those participants for whom certain participation constraints are
slack.
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1 Introduction

One of the features of the economy that Walrasian models abstract concerns
the institutions through which transactions for goods and services take place:
the payment systems (PS). This results in a need for new models in order
to study efficient ways to design transactions and the corresponding prop-
erties of PS. This paper builds such a model using mechanism design. Our
approach involves two main ingredients. First, it is explicitly dynamic, em-
phasizing the role of intertemporal incentives. This is important since actual
payment systems almost always involve repeated interactions between the
system and its participants. A second distinguishing feature of our analysis
is that, unlike most of the literature in mechanism design, since we model the
entire payment system, we must take into consideration general equilibrium
effects.
Our approach emphasizes the role of private information in a way related

to the dynamic contracting literature.1 We use a dynamic framework since
some of the questions that optimal payment system design poses are inher-
ently dynamic and, therefore, hard to capture within the existing literature,
which is almost exclusively static.2 For example, the PS might need to make
use of intertemporal incentives in order to explore the agents’ willingness to
participate. In addition, PS design is subject to a private information prob-
lem to the extent that participants’ abilities to perform certain transactions
are not directly observable. For example, within a retail PS, the ability of a
consumer to eventually make a credit-card payment might not be observable.
Similarly, within a wholesale system, a bank might have private information
about its (in)ability to meet certain obligations.
We employ a version of the model of exchange developed by Kiyotaki and

Wright (KW 1989, 1993) in order to study monetary exchange. In contrast
to the monetary theory approach, however, our model involves a cash-less
environment. The KW model is appropriate for our objective for several

1See, for example, Green (1987). Other classic references include Spear and Srivas-
tava (1987) and Atkeson and Lucas (1993). Our analysis also relates to recent work by
Kocherlakota (2005), who extends the model of Mirrlees (1971). The payment system in
our model plays an analogous role to that of the tax authority in Kocherlakota (2005): it
explores intertemporal incentives in order to implement efficient outcomes under private
information.

2See Kahn and Roberds (1998, 2001) for two prominent papers in this spirit. Kahn
(2006) provides an excellent summary of the current literature and outlines some of the
main open questions in payment systems research.
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reasons. First, it involves an explicit role for transactions, and it naturally
incorporates frictions such as private information and lack of commitment.
Second, the random matching shocks that agents are subject to in this model
are a tractable way of modelling random needs for liquidity. Such needs
are an important feature of actual PS, as they capture the fact that PS
participants need to transfer resources to their participants, and that these
needs are random. Third, the model is consistent with the fact that actual
transactions are bilateral and, frequently, subject to private information.
Finally, this setup naturally lends itself to mechanism design.
Our methodological contribution consists of developing a model that we

hope will prove useful in the design of actual PS. One case of particular in-
terest involves when the private information friction is more severe in some
transactions than in others. For example, in some wholesale PS, banks in-
teract mostly, but not exclusively, through a local network of other banks.
Such networks might have detailed information about their participants. The
same information, however, might not be available to the system if a bank
needs to transact with a bank outside its network.3 We will assume that
each transaction involves a “producer” and a “consumer.” This is only an
interpretation, as what is important is that a transaction involves a cost for
one party (the producer) and a gain for the other party (the consumer), and
there are several ways to rationalize such costs and gains. In the presence of
private information about the ability of agents to produce/consume, in order
for the efficient volume of transactions to take place, the rules of the game
(the PS) must provide the right incentives to the players (the participants in
the PS). The study of the optimal way to provide such incentives is the main
focus of this paper. For example, if some of transactions are not subject to a
private information problem, say because the ability of the agents to transact
is monitored, the PS might adjust the terms of trade in such transactions in
order to make certain non-monitored transactions to incentive compatible.
We model this feature by assuming that with probability α a transaction is
monitored, in which case the ability of the two parties to perform the trans-
action is observable to the PS. With probability 1 − α a transaction is not
monitored; i.e., the ability of the parties to transact is not observable.4

3Alternatively, in a retail PS, say, an American consumer’s credit card history might
be readily available in the US but not necessarily in Europe. In wholesale PS, in which
participants are themselves banks, such networks might be run by large correspondent
banks.

4For an alternative interpretation we can suppose that the set of agents is divided
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We use the model to study two types of issues of relevance to actual PS
design. The first involves the structure of balance adjustments within the
trading cycle. The second involves the optimal frequency of settlement and
the study of efficient ways to share settlement costs among PS participants.5

We demonstrate that, in the presence of a positive volume of non-monitored
transactions, an optimal PS will need to “tax” monitored transactions in or-
der to “subsidize” the former at the expense of the latter. When settlement
is subject to fixed operational costs, optimal settlement frequency balances
such costs against the constraints arising from the need to provide intertem-
poral incentives. Finally, we argue that settlement costs must be borne by
those participants for whom certain participation constraints are slack. Thus,
our model provides a novel prescription for the optimal sharing of costs asso-
ciated with the operation of a PS (an example of which could be interchange
fees for credit-card use), across PS participants. More precisely, our analysis
suggests that either such fees should be entirely borne by non-consumers, or
that their efficient allocation is indeterminate.
The paper proceeds as follows. Section 2 introduces the model. Sections

3 and 4 discuss the two applications to optimal balance adjustments and to
the optimal frequency of settlement, respectively. Section 5 offers a brief
conclusion and discusses some of the many possible directions for future
research.

2 A Dynamic Model of Payments

Time, t, is discrete and measured over the positive integers. There is a
[0, 1] continuum of infinitely lived agents. The common discount factor is
β ∈ (0, 1). We assume a periodic pattern of length n + 1, in which each
transactions stage, consisting of n bilateral rounds, is followed by a cen-
tralized round which we shall term the settlement stage.6 We describe the

into two symmetric networks. Each agent needs to transact within his network with
probability α, and with another participant outside his network with probability 1−α. In
this interpretation, within-network transactions are monitored, while during inter-network
transactions the ability to transact is private information of each of the trading partners.

5In a sequel paper, Koeppl, Monnet, and Temzelides (KMT, 2006), we demonstrate
that settlement is a necessary feature of optimal payment systems.

6The continuum assumption precludes aggregate risk. Issues related to optimal PS
design in the presence of aggregate risk are of interest, but beyond the scope of this paper.
Lagos and Wright (2006) introduced related periodic trading patterns in monetary models.
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transactions stage and the settlement stage in turns.
During the transactions stage, agents are matched bilaterally. Random-

ness is captured by assuming that in each period an agent needs to transact
with the agent he is matched with as a producer or as consumer, each with
probability γ. Thus, in each period during the transaction stage, an agent is
in a trade meeting with probability 2γ. Agents cannot pre-commit to pro-
duce in such meetings. With probability (1− 2γ), an agent is in a no-trade
meeting. Production in the transactions stage is perfectly divisible and the
produced goods are non-storable. Producing q units implies dis-utility−e(q),
while consumption of q units gives utility u(q). We assume that e0(q) > 0,
e00(q) ≥ 0, limq→0 e

0(q) = 0, and limq→∞ e0(q) = ∞. In addition, u0(q) > 0,
u00(q) ≤ 0, limq→0 u

0(q) = ∞, and limq→∞ u0(q) = 0. Thus, there exists a
unique q∗ such that u

0
(q∗) = e

0
(q∗). The quantity q∗ gives the efficient level

of output, in the sense that it uniquely maximizes the joint surplus created in
a transaction. Since we will concentrate on this quantity, in order to simplify
notation, we will hence denote u(q∗) by u, and e(q∗) by e.
The information structure during the transactions stage is as follows.

Whether a trade meeting has occurred is always observable to the two agents
in the meeting. This is also publicly observable with probability α. We
interpret such meetings as “within-network” meetings that are subject to
monitoring. With probability 1−α whether the meeting is a trade meeting or
not is not publicly observable. We interpret such meetings as “inter-network”
meetings that are not subject to monitoring. While the opportunity to trade
is not observable in non-monitored meetings, we assume that, should they
take place, production and consumption are always verifiable.
During the settlement stage, each agent can produce and consume a gen-

eral non-storable good. No other commodity can be produced or consumed
during such stages. Producing c units of the general good implies dis-utility
−c, while consuming c units gives utility c. The settlement stage is friction-
less, in the sense that, just as in Walrasian markets, agents interact in a
centralized fashion and there are no informational frictions.
Starting with the transactions stage, the timing of events within each pe-

riod is as follows. First, agents are bilaterally matched. In a monitored meet-
ing, the producer is instructed to produce a quantity, q, for the consumer.
The system then makes adjustments to the histories of the two parties in
order to include the most recent transaction (more about this later). The
transaction protocol we will assume for non-monitored meetings obtains the
following interpretation. Each participant in the system has access to both
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a “card” and a “card-reading machine.” Consumers can choose to identify
themselves to the PS by having their card read by the producer’s machine.
In that case, the system becomes aware that the two agents are in a match,
as well as of the identities of the producer and that of the consumer. Finally,
after production and consumption take place, the PS update the agents’
histories accordingly.
More formally, in non-monitored meetings, the two agents in a match each

choose a number in {0, 1}. If either chooses 0, nothing further happens (this,
for example, will always be the case in no-trade meetings) and the system
treats both agents as if they are in a no-trade meeting. If both choose 1,
the potential producer commits to produce q for the potential consumer. In
addition, in that case the agents’ identities become known to the system who
can make adjustments on how the respective agents will be treated in the
future. Finally, consumption takes place. No such reporting needs to occur
in monitored meetings, since in such meetings the PS observes everything.
We will concentrate on implementing the full information first-best allo-

cation, in which the efficient level of production, q∗, takes place in all trade
meetings, both monitored and non-monitored.7 We term this allocation (ex
ante) efficient. The difficulty, of course, lies in that the system cannot al-
ways verify whether a trade meeting has taken place. For example, consider
a distinguished agent who, say, for the k-th time in a row, participates in a
non-monitored meeting and reports that he could not produce since he had
k consecutive non-trade meetings (say, he reports “0” k consecutive times).
Given the information structure, the system can verify that the agent did
not produce in any of the last k meetings. What the system cannot verify,
however, is whether the agent had an opportunity to produce and simply
declined (by refusing to identify himself as a producer), or whether he did
not encounter any trade meetings (an event of probability [(1−α)(1− γ)]k).
An allocation specifies, possibly as a function of the entire history, the

quantity produced (consumed) in each transaction as well as in the settlement
round. An allocation is incentive feasible (IFA) if it respects certain incentive,
ex ante participation, and resource feasibility constraints. Throughout, we
will restrict attention to IFAs that are stationary and symmetric. We want
to characterize conditions under which the efficient allocation is an IFA.

7Since the utility from consuming any amount of the general commodity equals the
resulting disutility to the producer, the efficient amount of the general good produced in
each settlement round is indeterminate.
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Clearly, since this allocation is efficient even in the absence of informational
frictions, it is the best allocation that can possibly be decentralized in this
environment. Next, we demonstrate how this can be accomplished via a
PS. Decentralization involves assigning balances to individual participants
and specifying rules for how these balances are updated in order to satisfy
incentive and participation constraints.

2.1 Decentralization

Here we discuss how the efficient allocation can be decentralized. We will
assume that the PS assigns balances to participants. In addition, the PS
specifies rules for how the balances are updated given the histories of reports
regarding transactions. As in Koeppl, Monnet, and Temzelides (2006), we
will decentralize the settlement stage as a periodic competitive market. More
precisely, during settlement participants can trade their balances for the gen-
eral good. Those that are “low” can increase their balances by producing,
while those with high balances end up as consumers. The price, p, at which
balances are traded, is determined by market clearing conditions. We make
two additional assumptions. The first is that the PS has the ability to per-
manently exclude from the economy all agents that refuse to participate in
settlement. Second, we assume that operating the settlement round is asso-
ciated with an aggregate (average) resource cost δ > 0. The presence of this
cost will lead to an optimal settlement frequency in our model. First, we will
assume that this cost is borne equally by all agents through production in
the settlement stage, independent of the type of transactions that they need
to settle. Later we will investigate the most efficient way to finance δ across
PS participants.
In any given period, t, an agent’s history is summarized by two vari-

ables (dt, ht). The real number dt indicates the agent’s balance in period
t. Intuitively, this balance summarizes a participant’s transaction history
in non-monitored transactions. In addition, the PS keeps a record of all
monitored transactions. The indicator variable ht ∈ {0, 1} summarizes the
information on whether an agent has “defaulted” in the past (h = 0), either
by not producing in a monitored transaction or by not participating in a
settlement stage. Such an agent is permanently excluded from the economy
and receives a future payoff that is normalized to 0.8

8In the card interpretation of the previous section, the agent’s card is de-activated.
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In each of the first n periods of the transactions stage, participants en-
gage in bilateral transactions (both monitored and non-monitored). In what
follows, we analyze a generic period, t, and work backwards, first considering
the participant’s problem in the settlement stage, and then moving on to the
transactions stage.
Let V (d, h, p) denote the value function of a participant that exits the

transaction stage with balance d, given that the anticipated price in the fol-
lowing settlement stage is p. Let v(bd,bh,Ψ) denote the value of a participant
who exits the settlement stage with balance bd, given that the resulting dis-
tribution of balances is denoted by Ψ.9 Given p and Ψ, participants at the
beginning of the settlement stage solve the following:

V (d, h, p) = max
h

½bh{−δ +max
c,d
[−c+ βEv(bd,bh,Ψ) s.t. pbd = pd+ c]}+ (1− bh)0¾ .

(1)
Thus, at the end of each transactions stage, each participant chooses

whether to settle at the resulting price, p, or default. We now turn to the
problem faced by the participants during each round of the transactions stage.
Recall that during this stage, participants that are in non-monitored meet-
ings make reports to the PS about the type of the meeting that they are in.
The PS makes a recommendation for the size of the transaction that it wishes
to take place in each transaction. In addition, it makes adjusts balances de-
pending on the participants’ reports and on the resulting transactions. Both
the transaction size and the adjustments also depend on the participants’
histories as summarized by (d, h) and, in principle, on the distribution of
balances, Ψ. Not taking into account balances, a participant can be in a con-
sumption, a production, or a no-trade meeting. In addition, the meeting is
either monitored or non-monitored. This results in six possible cases for each
transactions round. The vector of policy rules {Lt, Kt, Bt, qt;Lt,Kt, Bt, qt}
determines the respective balance adjustments and the prescribed transac-
tion size in a trade meeting within the network, qt, or outside the network,
qt. More precisely, Lt(Kt) is the adjustment for a participant who consumes
(produces), while Bt is the adjustment for a participant who does not trans-
act in a non-monitored meeting. The variables Lt, Kt, and Bt are defined
analogously for monitored meetings. Recall that balances are represented by

Since we concentrate on the efficient allocation where q∗ is produced in all trade meetings
and in which no agent defaults, we will ignore the index h in what follows.

9We describe E[v(bd,bh,Ψ)] in detail below.
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real numbers not restricted in sign, while production of goods during trade
meetings is restricted to be positive. After each transactions round, knowing
their new balances, participants choose whether to stay in the economy and
enter the next round. Similarly, at the end of the transactions stage, agents
choose whether to settle or default.
We will concentrate on arrangements that satisfy certain incentive and

participation constraints. In each round, t, of the transaction stage, incentive
compatibility (IC) constraints require that the following inequalities hold for
non-monitored meetings:

u(q) + (dt + Lt, p) ≥ V (dt +Bt, p), (2)

−e(q) + V (dt +Kt, p) ≥ V (dt +Bt, p). (3)

The two constraints ensure that participants truthfully report consumption
(production) opportunities during non-monitored meetings. Notice that no
such truth-telling constraints are needed for monitored transactions. In addi-
tion, participation (PC) constraints require that producers, consumers, and
participants in no-trade meetings, respectively, are better off staying in the
system; i.e.,

u(q) + V (dt + Lt, p) ≥ 0, (4)

−e(q) + V (dt +Kt, p) ≥ 0, (5)

V (dt +Bt, p) ≥ 0. (6)

Similarly, for monitored transactions we need

u(q) + V (dt + Lt, p) ≥ 0, (7)

−e(q) + V (dt +Kt, p) ≥ 0, (8)

V (dt +Bt, p) ≥ 0. (9)

We are now ready to formally define a Payment System.

Definition: A Payment System is an array S = {Lt, Kt, Bt, qt;Lt,Kt, Bt, qt}.
S is incentive feasible if it satisfies the incentive and participation constraints.
S is simple if balance adjustments do not depend on the participants’ current
balances, and it is repeated if (adjusted for discounting) balance adjustments
do not depend on the time, t. An incentive feasible S is optimal if it decen-
tralizes the efficient allocation.
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In what follows, we restrict attention Simple Repeated Payments Systems
(SRPS). This is mainly for simplicity. Clearly, this restriction is without
loss of generality in the cases where a SRPS decentralizes the efficient allo-
cation. Given any incentive feasible PS, the value function at the end of the
settlement stage, E[v(d,Ψ)], for a participant with balance d is given by

E[vp(d,Ψ)]

= α
£
γ[u(q) + V (d+ L(d, d0, p)] + γ[−e(q) + V (d+K(d, d0, p)]

+(1− 2γ)[V (d+B(d, d0, p)]
¤
+ (1− α)[

Z
d0
{γ[u(q) + V (d+ L(d, d0, p)]

+γ[e(q) + V (d+K(d, d0, p)] + (1− 2γ)V (d+B(d, d0, p)} dΨ]. (10)

Note that the balance adjustments are in general functions of the partici-
pant’s own balance, d, as well as of the balance of his trading partner, d0, h0.
We next investigate properties of optimal SRPS. Our first application con-
cerns the structure of optimal balance adjustments within such systems in
the case where some transactions are subject to monitoring, while others are
not. We then discuss issues related to the optimal frequency and financing
of settlement.

3 Optimal Balance Adjustments

In the previous sections we introduced an environment in which certain trans-
actions are subject to a private information problem and discussed how a
payment system can decentralize efficient allocations given incentive and re-
source constraints. In this section we use this setup in order to study the
nature of optimal balance adjustment by the PS. We are particularly in-
terested in investigating whether the PS can use resources from monitored
transactions in order to manipulate binding incentive constraints during non-
monitored transactions. In what follows, we will restrict attention to simple,
repeated PS. However, it can be demonstrated that our results apply more
generally to all simple PS, even those that are non-repeated.
The intuition behind the interaction betweenmonitored and non-monitored

transactions is simple. An efficient PS will use balance adjustments that effec-
tively “tax” monitored transactions and “subsidize” certain non-monitored
transactions in order to support the efficient overall volume of transactions.
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For simplicity, since we do not deal with questions related to the frequency
of settlement, for the remainder of this section we will assume that δ = 0.
First, consider the benchmark case where α = 1. In that case, all trans-

actions are monitored and a “gift-giving” regime can be supported as long
as βu ≥ e. In other words, the efficient volume of transactions can be sup-
ported through the threat of exclusion if a participant refuses to comply. In
that case, settlement is not a necessary feature of an optimal PS. At the
other extreme, suppose that α = 0. In that case, all transactions are non-
monitored and frequent settlement is a necessary feature of an optimal PS.10

We summarize this discussion in the following the following.

Proposition 1 Suppose α = 1 and n = ∞. Then an optimal PS exists if
and only if βu ≥ e. Suppose α = 0. An optimal PS exists if and only if
βnu ≥ e.

In other words, if βnu < e, the existence of some monitored transactions is
necessary in order to support the efficient outcome. A straightforward Corol-
lary of the above Proposition is that when n > 1 and α ∈ (0, 1), for an optimal
PS to exist, the balance adjustments associated with monitored transactions
must be such that the incentive constraints in the non-monitored transac-
tions are somehow relaxed. Our next step is to allow for such adjustments
and show that the use of “within-network incentives” in order to subsidize
some non-monitored transactions can decentralize the efficient allocation for
a wider range of parameter values.11 More precisely, we have the following.

Proposition 2 An optimal PS exists if and only if βnu ≥ βn−1e+(1− α)
¡
1− βn−1

¢
e.

Proof. Market clearing requires that

α
£
γptK̄ + γptL̄+ (1− 2γ) ptB̄

¤
+ (1−α) [γptK + γptL+ (1− 2γ) ptB] = 0.

(11)
The PS must satisfy both IC and PC; i.e.,

ptK − e ≥ ptB, (12)

u+ ptL ≥ ptB, (13)

ptL+
β

1− β
γ(u− e) + ptXmin

∙
1

β
+ · · ·+ 1

βn−1

¸
≥ 0. (14)

10See KMT (2006) for details.
11It turns out that in the case where n = 1, the efficient allocation is incentive feasible

for any α ∈ [0, 1], if and only if βu ≥ e.
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Hence, it is necessary to set K̄, L̄, and B̄ strictly negative in order to cross-
subsidize non-monitored transactions. From the PC of having n-times the
minimum adjustment, Xmin, we obtain

ptK̄ − e+
β

1− β
γ(u− e) + ptXmin

∙
1

β
+ · · ·+ 1

βn−1

¸
≥ 0, (15)

ptL̄+
β

1− β
γ(u− e) + ptXmin

∙
1

β
+ · · ·+ 1

βn−1

¸
≥ 0, (16)

ptB̄ +
β

1− β
γ(u− e) + ptXmin

∙
1

β
+ · · ·+ 1

βn−1

¸
≥ 0. (17)

Note that these are the only constraints that need to be satisfied in monitored
transactions. Multiplying the first and the second constraint by γ and the
third constraint by (1− 2γ) and adding, we obtain

γptK̄+γptL̄+(1− 2γ) ptB̄ ≥ γe− β

1− β
γ(u−e)−ptXmin

∙
1

β
+ · · ·+ 1

βn−1

¸
.

(18)
Hence for non-monitored transactions, we have

γptK+γptL+(1− 2γ) ptB ≤ −
α

(1− α)

∙
γe− β

1− β
γ(u− e)− ptXmin

1

βn−1

µ
1− βn−1

1− β

¶¸
.

(19)
For such transactions, the PS must satisfy both IC and PC; i.e.,

ptK ≥ ptB + e, (20)

u+ ptL ≥ ptB, (21)

ptL ≥ − β

1− β
γ(u− e)− ptXmin

∙
1

β
+ · · ·+ 1

βn−1

¸
. (22)

Setting

ptK = ptL+ e, and (23)

ptL = ptB (24)

both IC are satisfied. In addition,

γptK+γptL+(1− 2γ) ptB ≥ −
β

1− β
γ(u−e)−ptXmin

1

βn−1

µ
1− βn−1

1− β

¶
+γe.

(25)
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Thus, the efficient allocation can be decentralized if and only if

− α

(1− α)

∙
γe− β

1− β
γ(u− e)− ptXmin

1

βn−1

µ
1− βn−1

1− β

¶¸
≥ γptK + γptL+ (1− 2γ) ptB

≥ γe− β

1− β
γ(u− e)− ptXmin

1

βn−1

µ
1− βn−1

1− β

¶
, or,

ptXmin ≥ γ
βn−1¡

1− βn−1
¢ (e− βu) . (26)

In order to maximize ptXmin, the PS must attempt to extract this amount
by “taxing” all participants in monitored transactions; i.e., the PS must set
pK̄ = ptL̄ = ptB̄ = ptL = ptB = ptXmin, so that

ptXmin = − (1− α) γe. (27)

Thus, the PS can decentralize the efficient allocation if and only if

ptXmin = − (1− α) γe ≥ γ
βn−1¡

1− βn−1
¢ (e− βu) , or if and only if

βnu ≥ βn−1e+ (1− α)
¡
1− βn−1

¢
e. (28)

In summary, the presence of some transactions that are not subject to
private information frictions allows the PS to support the efficient volume
of transactions for a wider range of parameters. In order for this to be
accomplished for the widest possible range of parameter values, the system
needs to “tax” all monitored transactions and use the obtained revenue in
order to relax the incentive compatibility constraints of potential producers
in non-monitored transactions.
Such adjustments offer a policy recommendation for actual PS. One can

argue that transactions among banks that belong to different networks or
among consumers and firms that belong to different debit card networks
are subject to a higher degree of private information than within network
transactions. Monitoring such transactions might be more costly. Since in-
centive constraints require that “inter-network transactions” are subsidized,
any such costs must be borne during “within network transactions.”12 In the
next section we abstract from monitoring in order to study issues related to
the optimal frequency of settlement and to the financing of settlement costs.
12This recommendation should not be taken literally, as it ignores all operational costs
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4 Settlement

In the case where settlement is not subject to any operational costs, our
model implies that a PS that decentralizes an efficient allocation for the
widest range of parameter values will have settlement occurring after each
transaction (n = 1).13 In actual PS, settlement occurs only periodically,
partly since it is associated with certain operational costs. Here we use the
value of δ to represent such fixed costs. We will first assume that δ is equally
shared by all participants in the PS. Later, we study the best way to allocate
costs across participants.
In this section we abstract from questions related to cross-subsidization

of transactions. We, therefore, study the benchmark case in which all trans-
actions are non-monitored (α = 0). We will also assume that δ ≤ γ(βu− e).
In other words, settlement is not so costly that we can immediately rule out
that it ever takes place. More restrictively, we assume that δ is small enough
so that settlement must occur sometimes as part of the optimal arrangement.
We assume that the fixed costs are covered by production of the general good
during settlement rounds.
First, we demonstrate the feasibility of the efficient allocation when set-

tling every n periods. In other words, we characterize the values of n for
which the PS can decentralize an allocation in which the efficient quantity,
q∗, is produced in each transaction, given a settlement cost δ > 0. We have
the following incentive constraints for producers and for consumers and non-
traders, respectively

ptKsβ
n−s = ptBSβ

n−s + e, (29)

Bs = Ls. (30)

The most binding participation constraint, that of a consumer that con-
sumed n times in a row, gives

ptL

µ
β

1− β

¶µ
1− βn

βn

¶
≥ − β

1− β
γ(u− e) + δ

µ
βn

1− βn

¶
. (31)

other than those associated with incentive issues. Accounting for other costs might well
require that inter-network transactions are also taxed. Our recommendation is simply that
incentive constraints should not be ignored when the PS chooses balance adjustments.
13This is the reminiscent of a Real-Time-Gross-Settlement (RTGS) system in the context

of our model.
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Finally, market clearing requires

γ
nX

s=1

Ks + (1− γ)
nX

s=1

Ls =
−δ
pt
. (32)

The participation constraint takes into account the settlement cost, which
is incurred every n periods. In addition, market clearing specifies that par-
ticipants must pay the cost δ when settling their balances. As δ is a real
cost, its value is expressed in units of balance adjustments. Finally, the PS
provides incentives in the least costly way by making all incentive constraints
exactly binding.
Substituting the incentive constraints in the market clearing condition we

obtain

pL = −δ
µ
1− β

β

¶µ
βn

1− βn

¶
− γe. (33)

Substituting this into the PC, we obtain

βnu− e ≥ δ

γ

µ
1− β

β

¶µ
βn

1− βn

¶
. (34)

Hence, any n satisfying the above condition allows the PS to decentralize
the efficient transaction level, q∗. By assumption, this is the case for at
least some n ≥ 1. We now turn to the question of the optimal settlement
frequency. An optimal PS needs to minimize the incurred costs of settlement
while, at the same time, decentralizing the efficient allocation. Thus, the
PS must choose the longest length of a transaction cycle compatible with
optimality, given the costs δ as expressed by the constraint (34). Note that
if n is large enough, we have

βnu(q∗)− e(q∗) < 0. (35)

In particular, we have that βn

1−βn → 0 as n→∞. Hence, for large enough
n, the participation constraint of a consumer that consumed n times in a row
will be violated. In other words, there exists a maximal n such that constraint
(34) is satisfied. This gives the settlement frequency that maximizes welfare
among the participants of the PS. We summarize this in the following.

Proposition 3 Suppose that βnu∗−e∗ ≥ δ
γ

³
1−β
β

´³
βn

1−βn
´
. Then an optimal

PS exists. The optimal settlement frequency, n∗, is the maximum n for which
this condition holds.
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4.1 Financing Settlement Costs

A constraint on the PS is that the operational fixed cost, δ, must be entirely
financed by PS participants. In our analysis so far, we assumed that δ is
shared equally by all participants. Here, we will briefly discuss certain impli-
cations of the model when we view the division of δ across participants as a
policy variable. This is an important issue and actual PS differ substantially
on their policies regarding the financing of operational costs, such as inter-
change fees. Indeed, there is ongoing discussion about whether it should be
mainly the consumers or the producers that finance such costs.
We perform a comparative statics exercise for the case where there is a

slight increase in δ from its current value (which we normalize to zero). Since
we will not discuss issues related to settlement frequency here, we set n = 1.
We assume an economy in which initially δ = 0. We let (K,B,L) represent
the balance adjustments associated with an optimal PS for this economy.
Furthermore, we assume that all ICs and PCs are slack when δ = 0, that is

ptK − e+
β

1− β
γ(u− e) > ptB +

β

1− β
γ(u− e), (36)

u+ ptL+
β

1− β
γ(u− e) > ptB +

β

1− β
γ(u− e), (37)

ptL+
β

1− β
γ(u− e) ≥ 0, (38)

γK + γL+ (1− 2γ)B = 0. (39)

Next, suppose that δ increases slightly to become strictly positive. We will
discuss the efficient way of financing this increase in operational costs. Let
δK be the fraction of δ paid by producers, and similarly for δL and δB. A fully
financed PS must satisfy the constraint that δ = γδK + γδL+(1− 2γ) δB. A
PS {K,L,B; δK , δB, δL} is optimal if and only if it satisfies the following.

pt (K − δK)− e+
β

1− β
γ(u− e) ≥ pt (B − δB) +

β

1− β
γ(u− e) (40)

≥ pt (L− δL) +
β

1− β
γ(u− e) ≥ 0,(41)

γK + γL+ (1− 2γ)B = 0, (42)

γδK + γδL + (1− 2γ) δB = δ. (43)

Starting from δ = δK = δB = δL = 0 and an initially optimal PS,
the question is how should the increase in δ be shared across consumers,
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producers, and no-traders. Suppose that we start increasing δK, δB, and δL
in some way. Initially, all IC constraints will still hold as strict inequalities.
In addition, the participation constraint of the consumer will either bind
or not bind. If we can finance the entire δ while this constraint is still not
binding, then the ordering of δK, δB, and δL is indeterminate. In other words,
there is a continuum of possible ways to finance δ, and we cannot determine
which side will finance most of the cost. If the participation constraint for
the consumer is binding, however, the PS must stop increasing δL further,
while continuing increasing δK and δB until the entire δ is financed. Thus,
in general, δL ≤ δB ≤ δK. We summarize this in the following.

Proposition 4 In an optimal PS either δL < δB, δK or the order of δL, δB, δK
is indeterminate.

The intuition behind this proposition is simple. If the participation con-
straint binds for some participants, any increase in the costs imposed on
them will lead to default. Thus, any such increases must be borne by those
participants whose participation constraints are slack. In our model, the
binding constraint is that of the consumer. Thus, if that constraint holds
as an equality, the PS must impose the “tax increase” on non-consuming
participants. This suggests that consumers must pay a lower fraction of such
costs in countries where they are more credit constrained, such as the US.
This intuition, which is different from the standard argument that relies on
which side of the market is subject to more competition, seems to fit well
with actual observations.

5 Discussion and Extensions

Under what conditions can a privately operated payment system support the
efficient volume of transactions in the presence of private information? We
studied optimal payment systems in a dynamic model in which the ability of
agents to perform certain welfare improving transactions is subject to ran-
dom and unobservable shocks. We examined the interplay between within-
network (monitored) and inter-network (non-monitored) transactions. We
demonstrated that an optimal PS will use the information about the former
in order to induce the efficient volume of the latter type of transactions.
Finally, we discussed issues related to optimal settlement frequency and to
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the best way to finance settlement when this activity is subject to a fixed
operational cost.
Our model could be used to further investigate several other issues re-

lated to payments. An open question is whether more complicated payment
systems than the ones considered in this analysis could implement the first-
best under less restrictive conditions. Although we have not studied this
issue formally, we strongly suspect that the answer is no, in general. We are
currently extending our analysis in order to study properties of payment sys-
tems when the first-best cannot be supported. This introduces an additional
margin since the PS might now optimally choose to further reduce the settle-
ment frequency by accommodating a decrease in the volume of transactions
(a reduction in q).
Since the payment system can be thought of as being formed by the grand

coalition of agents, there is nothing in our model that suggests that payment
services should be publicly provided. Given that we deal with dynamic incen-
tives, we could investigate the time consistency of various payment system
policies. This adds another dimension to the debate regarding the public
versus private provision of payment services since optimal dynamic schemes
might require some commitment.
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