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A monetary model is constructed to explore the risk-sharing role of gross settlement as a
determinant of money demand for consumption in a credit economy. Due to a deferred
payment system, the costs of gross and net settlement are sensitive to the nominal interest
rate. Gross settlement may dampen a consumption loss against interest-rate risk arising from
inflation by acquiring additional cash from a financial market. Hence, it is optimal for the
government to influence inflation and to drive net settlement out of a payment system. For
payment policy, the optimal collateral requirement ratio is one whereas for monetary policy
the optimal money growth rate is infinity. Payment policy can be a useful alternative to
monetary policy.
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I. Introduction

The purpose of this paper is to explore the risk-sharing role of deferred gross
settlement for money demand, consumption and central banking in a credit
economy when gross settlement plays as a determinant of money demand.

In a payment system, gross settlement in which the settlement of funds transfers
occurs individually among trading partners usually requires more cash to settle

credit payments when compared to net settlement in which the settlement of funds
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transfers occurs by netting positions by trading partners. The nominal interest rate
foregone in gross settlement is greater. However, gross settlement can provide a
crude insurance to economic individuals against a uninsurable risk if it played as a
determinant of the demand for liquidity by adjusting their asset portfolios in a
financial market. For example, in the rise of an interest-rate risk, gross settlement
enables economic individuals to liquidate cash from the financial market to dampen
a consumption loss. The implications of this risk-sharing role of gross settlement on
the payment system and central banking have not yet been studied much.

The contribution of this paper is to capture the transmission mechanism of
deferred gross settlement that provides a crude insurance on consumption and
social welfare in the credit economy. Given a deferred payment system, credit
settlement occurs in the subsequent period, and the opportunity costs of deferred
gross and net settlement are sensitive to the nominal interest rate, which disagrees
with the study of Choi (2019). For example, a lower interest rate during inflation
would reduce the value of money and favor gross settlement which entails a larger
amount of money as credit payments liquidated from the bond market. Hence,
gross settlement may dampen a consumption loss arising from inflation and may
improve social welfare.

There is a set of literature on the design of the payment system including
Freeman (1996), Kahn and Roberds (1998, 2001), Temzelides and Williamson
(2001), Kahn et al. (2003), Koeppl et al. (2008), Kahn (2013), and Choi (2018,
2019)." In particular, Choi (2018), whose model is built on Freeman and Kydland
(2000), studies the risk-sharing role of realtime and deferred gross credit-settlement
in the choice of cash and costly credit against an inflation risk. During inflation, a
debt rollover eases the demand for money in credit-settlement and dampens a
consumption loss. Inflation can improve welfare. Hence, under the gross-settlement
system, it is desirable for the government to favor deferred settlement to realtime
settlement by encouraging inflation and keeping the money growth rate positive.
On the other hand, Choi (2019), whose model is built on Ireland (1994), addresses
the role of gross and net settlement with an operational risk in the choice of cash
and a costly debit card. During inflation, gross settlement would demand a larger
amount of money for debit-card settlement, which results in a consumption loss
unlike Choi (2018). The choice of net settlement may reduce this loss from inflation.
Hence, it is optimal for the government to have the hybrid system of gross and net
settlement by discouraging inflation and keeping the money growth rate negative.
However, he fails to capture the welfare-enhancing role of the payment system in
the presence of the interest-rate risk by comparing the costs and benefits of deferred

gross and net settlement.

! See Nosal and Rocheteau (2006), Chiu and Lai (2007), and Kahn and Roberds (2009) for a
detailed literature survey.
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This paper constructs a monetary model of credit settlement with elements from
the studies by Williamson (2009). Credit is the sole medium of exchange in goods
trades due to its smaller transactions costs compared to those of cash unlike
Freeman and Kydland (2000) and Ireland (1994). Credit transactions are settled
through cash payments in the financial market of the subsequent period. There are
two types of credit settlements - gross settlement and net settlement. While the
former requires government nominal bonds as collateral in a government account,
the latter involves the payment of an idiosyncratic transaction cost. When settling
credit payments the participants of the payment system can decide the share of gross
and net settlement by comparing their costs.

In equilibrium, gross settlement may dampen a consumption loss against the
interest-rate risk arising from inflation by acquiring additional cash from a financial
market. There are two transmission channels of payment and monetary policy. One
is an inflation-rate channel that operates through the aggregate demand for money
and the other is an interest-rate channel that operates through the aggregate
demand for government nominal bonds. The short-run liquidity effect may arise in
that a higher inflation rate decreases the nominal interest rate. Inflation with a
smaller return on savings reduces the value of money and favors gross settlement
that requires cash to settle credit payments. The greater share of gross settlement
can increase consumption and improve social welfare. Net settlement alone fails to
improve welfare, unlike Temzelides and Williamson (2001) and Williamson (2003).
Hence, the pure gross-settlement system is considered optimal. It would be optimal
for the government to influence inflation to drive net settlement out of the payment
system. Payment policy controls the collateral requirement ratio in gross settlement
and the optimal ratio is one. However, monetary policy controls money supply
through open market operations and the optimal money growth rate is infinity.

Another strand of the relevant literature is on the interaction between the
payment system and monetary policy including Green (2002), and Williamson
(2003, 2009). Particularly, in Williamson (2003), net settlement improves the
efficiency of the economy with deterministic fluctuations in aggregate productivity
in a spatial separation model. An efficient allocation is achieved with a zero
overnight discount rate. Moreover, in Williamson (2009), various monetary policies
under net settlement are redistributive in a market-segmentation framework.
Monetary policy can mitigate the negative effects of payment-system shocks, but
cannot achieve a Pareto optimum.

The model here captures a novel transmission channel of payment policy in the
context of gross settlement as the determinant of money demand. Unlike
Williamson (2003, 2009), payment policy not only stabilizes the payment system but
also controls the money supply. The participants of the payment system who
received the effects of payment policy can insure themselves by adjusting the share
of gross settlement.
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The remainder of the paper is organized as follows. In the second section, the
baseline environment of the model is described. The third section studies a net-
settlement only economy and monetary policy implications. The fourth section
discusses a hybrid-settlement economy and monetary policy implications. The last

section presents the conclusion.

I1. Model

Time is discrete and indexed by #=0,1,2,.... There is a continuum of infinitely-
lived households with unit mass indexed by ;e€[0,1] and a continuum of
consumption goods indexed by 7 €[0,1]. Each household consists of a worker and
a shopper. A worker sells consumption goods and a shopper purchases them in a

goods market. The household ; has preferences given by
0 - 1) 1 . .
Ule,, ()32 =B, ) B [ ule,,()1di (1)
=0

where [E, is the expectation operator conditional on information in the period 0,
B is the discount factor, ¢, (/) denotes perishable consumption goods at market
i for the household ;. Assume that #(c) is twice continuously differentiable
and strictly concave in ¢, where #'(0)=0, lim_  cu(c)=0, and o =—cu"(c)/
u'(c) €(0,1) . Each household ; receives constant endowments y. Assume that
a household cannot consume its own endowments.

At the beginning of each period ¢, the household ; starts with M, amount
of money, where M, >0 is given, and B,, units of one-period nominal bonds
and L,, outstanding credit balances are issued in the period 7—1.

On opening the financial market, each household ; receives an idiosyncratic
net-settlement-cost shock (7,.) that is independent and identically distributed
over households with the time-invariant cumulative distribution function F(y),
where y,, €(y,7), and 0<y<jy . The shock y, is the only source of
uncertainty that would capture the cost eliminating a counterparty credit risk and
finalizing settlement on time: for example, a system-participation cost or a
monitoring/ enforcement cost. In aggregation, the cost is given by ,[i 7, dF(y) =7,
where =y >1." For some houscholds, the net-settlement-cost shock r,.>7)
is greater than  y, while for others y, <y issmaller than y.

? Given o €(0,1), for a greater increase in the rate of return on assets, the demand for assets would
increase. In other words, the substitution effect dominates the income effect.

> Here, y=y>1 is assumed to keep the equilibrium analysis tractable. As long as the aggregate
net-settlement cost is assumed to be smaller than y, the model will not lose any key results.
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The financial market consists of two submarkets — a bond market in which one-
period government nominal bonds are traded with money and a payment-system
market in which credit balances are issued and settled on a gross and net
arrangement. The household ; has an access to both markets and performs the
following two financial transactions. One is the settlement of credit balances issued
from the previous period z—1. The other is to open a line of new credit and to
decide its gross-settlement share for subsequent goods trades.’

First, the houschold ; settles credit payments L, issued in the period z—1
simultaneously with others in a centralized payment-system platform managed by
the government. A fractiop éj,t of L;, is paid off by cash through gross
settlement and the rest 1—6’“ is done throughA net settlement.” The household ;
can acquire money for the gross settlement of 6, L by liquidating matured one-

period government bonds (B,,). Each bond of B, sells for g, <1 units of

|
money in the period 7 and is a claim to one unit of money in the period z+1.
The government bond cannot be liquidated in cash before its maturity and it cannot
be circulated as a medium of exchange. Once payments are made, the centralized
payment system collects and redistributes them across households to finalize the
settlement.

Second, the household ; opens a line of new credit (¢,L;,,)in the period 7,
that is, a one-period IOU, up to a household’s income and pays the credit at the
next period’s financial market. Each creditof L, isissued with a price of g, in
the period # and itis a claim to one unit of money in the period z+1. The price
of credit is assumed to be the same as the price of bonds (g,) to avoid any arbitrage
opportunities.’

The household ; then decides a gross-settlement share (éj’m) of L by
comparing the nominal opportunity costs of per-unit gross and net settlement. For
deferred gross settlement, the household ; is required to deposit Otl;'].ﬁl amount
of nominal bonds in a government account as collateral prior to the settlement of
6. L.

oL s where « €[0,1] represents the collateral requirement ratio set by the

overnment.”’ nce settlement is complete o collatera ob. eposited a c
g 0 ttl t pleted, old collateral (aB;,) deposited at th

* In order to keep the equilibrium analysis simple, this model assumes that the household can make
financial transactions instead of introducing a financial intermediary.

° The payment system operates gross settlement without a gridlock problem because every
houschold can get access to the financial market to acquire sufficient liquidity in a timely manner,
unlike what is indicated in Freeman (1996) and Williamson (2009).

® When financial market frictions arise from asymmetric information and limited commitment, the
price of credit and bonds may be different. The lending rate (the borrowing cost of credit, 7 ) would
consist of the interest rate on savings (7, =1/g,) and a nonnegative spread (k,); i.e., 7 =7,+k,.
However, for the sake of the tractability, the financial market is assumed to be perfect.

7 Here, a is not greater than one because the government does not need collateral deposits
exceeding the amount to settle the payment. Credit default would not arise in case of a €[0,1]
because the government would confiscate the household’s nominal assets and income. Besides, « >1
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period 7z—1 returns to the housechold before the current financial market closes.
The housechold ; does not receive the nominal interest rate (1/g,) on collateral
deposits because it is used to maintain the payment system by the government.9
HeAnce, the per-unit opportunity cost of gross settlement is given by OtB].JH/

q0. ..L

[V R2 0 A U
For deferred net settlement, the household ; bears a stochastic lump-sum

resource cost y;, for each unit of net settlement prior to one period to prevent the
credit risk."” The resource cost in net settlement for the household ; is (1— 0:,0)
7,.- Because the resource cost is paid a period earlier, there is also a foregone

interest and the per-unit opportunity cost of net settlement is given by (1/4,)[P.(l

-0

7.+
In sum, the household ;’s collateral-in-advance constraint of the financial

)y, /(1= é,',z+1)L/,z+1] ,where P is the average price level.

t

market is given by

1 . . A A
B[ ¢, ()di+6, L, +P1-6,, )7,

= MJ.,, +BN +q,B +aBN —aB +q,L].M, ()

7,41 7,241

where P ,[:) ¢; ()di=g,L

n 18 the credit constraint for consumption. The left-

hand side of (2) denotes the demand for consumption and money for credit
settlement and the right-hand side does the amount of new credit balances for
consumption and an incoming cash transfer for credit settlement throughout the
transactions of the bond market. Assume that credit payments cannot be paid off
with government bonds and that the household ; does not get access to incoming
credit payments 5].’![_11,,[ from others before the current financial market closes and
0.,L;, does not show upin (2).

75t

is not desirable for the government because it results in excess savings and would reduce the quantity
of new credit and consumption.

¥ Collateral deposits in a form of one-period government nominal bonds instead of cash are crucial
to keep key payment-policy results in Section 4. Cash collateral deposits would have the opposite effect
on the nominal interest rate and the decision on the gross-settlement share. For example, an increase
in a would increase the demand for nominal bonds for collateral deposits. Hence, it decreases the
nominal interest rate and increases the demand for cash along with the gross-settlement share. On the
contrary, given cash collateral deposits, an increase in @ would increase the demand for cash for
collateral deposits, but decrease the demand for nominal bond. Hence, it increases the nominal
interest rate and decreases the gross-settlement share.

° Gross settlement involves its cost in a form of the nominal interest rate (1/g,) in order to
emphasize the interest-rate channel of payment policy between the payment system and houscholds’
consumption. This channel would disappear if gross settlement entailed a resource cost instead,
similar to net settlement.

' Since there will be no balance to pay off in a symmetric equilibrium, for the sake of simplicity, a
collateral requirement is not imposed on net settlement.
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The government controls the money supply at a constant rate through open
market operations; the government budget constraint is given by

Bj_quszrl :M;H_M; ::UM: (3)

t

where B}, is the balances of newly issued nominal bonds, M’

*., 1s money supply
on closing the financial market, and > —1 is the net growth rate of money. After
the financial market closes, the worker and the shopper from each household leave
for the goods market.

At the goods market, workers sell consumption goods and shoppers acquire them
with costly credit across the market 7 instead of money. For each market 7, the
cost of per-unit cash transaction is associated with the nominal interest rate (1/¢,)
while that of per-unit credit transaction comprises of the weighted average cost of

the gross and net settlement in terms of 0. Technological advances in credit

.+l
services may dramatically lower the costs associated with the credit transactions and
settlement, which implies that the opportunity cost of holding money is always no

smaller than that of using credit,"'

1 A 1Py, =

Z>1-0,, )| — |2 g & (4)
Jst+l Jst+l

qz Qz Lj,t+l t

At the end of each period, all the agents return home. The household ;
receives the revenue from sales. Further trade or barter is not allowed. The budget
constraint is given by

jc ()di+0,,L,,+P1-0,,.)y, +M

7,4+

+Py— th +0.,L;,, (5

j, 2+l 7t

= MJ‘J +ijt _qB +aBj,t _aBj,t+l +qu

[y 2ot 7,2+1

where M].,t+1 is the demand for cash at the end of the period ¢ for the upcoming

financial market transactions in the period z+1, ¢,L., are the new credit

7,241

balances issued by other households, Py— qle . 1s the revenue from sales, and

19 L denote incoming payments from other households in gross settlement.

Flgure 1 summarizes the itinerary of events of the household ; in the period .

" Recent developments in payment-card technology would lower the opportunity cost of using a
credit card further even though credit-card fraud is on the rise. On the contrary, there are other types of
costs of holding money, missing in this model, including the risk of loss, counterfeiting, and the costs
of replacing worn currency that could raise the opportunity cost.
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[Figure 1] Itinerary of the Houschold ; in the Period ¢

At the beginning of the period, the household —>
- Enters with M, Bj:, and L j;
- Receives constant endowments (y )
l<— In the financial market, the household
- Learns the net-scttlement-cost shock (7, )
- Settles aj,tL],i on a gross basis
and (1— 6/% )L+ on anetbasis
- Determines Ljs+1 and 0j:+1
- Deposits a’éj’,z+1Lj‘t+1 and receives Qéj‘tLj,t
In the goods market, goods are traded with ~ —

credit l<— All members return home with

- The revenue of sales (By — g, Ljs+1)
and credit payments from others (8, L;, )

III. Net-Settlement Only System

This Section will explore a pure net-settlement economy and monetary policy
implications to deliver a clear discussion on the risk-sharing role of gross settlement
in the following section. Suppose the per-unit net settlement cost is always smaller

than the per-unit gross settlement cost (By,, /L, <a) for all j. Then, in

)(,t+1

equilibrium, every credit is settled on a net basis (6,,,, =0) bearing the total cost

of 7;, inthe financial market, where By, /L, <a<l is satisfied with (4). In

7,241
a pure credit economy without gross settlement, the household does not demand
money in the financial market and, hence, does not make any exchange government

nominal bonds for money, i.e. B, =¢,B The determination of a line of new

J+l”
credit remains the only transaction in the financial market. The credit and budget

constraints in (2) and (5) are given by

1 . .
B[ ¢, )di=qL,,,, (6)

Pj ()i +Py +Py—qL, ., )

z ]Z+1

In equilibrium, from (6) and (7), the real cost of net settlement and new credit
/P, =(1-¢,,)y, where ¢, €
(0,1) is the household ;’s share of y. Hence, given ¥ =y>1, the choice of

balances are given by ¢, y=y,, and ¢;,,=¢,L,

(¢,,,¢;,) is as follows:
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]/',z/y if 7/-,,<)’,
¢jt:{J '

1 1f 7/]',1 2%
S bt ¥ it 7, <y,
70 if 7,2y

In the absence of money transfer in gross settlement, the household cannot share
its net-settlement risk with others in the financial market. All households would
consume a positive amount of goods if y,, <y and nothing if y, 2y. Hence,
net settlement alone in the payment system cannot provide any insurance to
dampen a consumption loss and would fail to achieve efficiency, unlike Temzelides
and Williamson (2001) and Williamson (2003). Further, monetary policy does not

have any role in redistribution of wealth at all in the economy.

IV. Hybrid-Settlement Economy

This Section will introduce gross settlement in the payment system, in which the

household ; will make a choice between gross and net arrangements [é €

7.+l
(0,1)], and will examine its risk-sharing role for consumption, social welfare, and
central banking. Credit still remains as the sole medium of exchange in goods trades
which is satisfied with (4) and money is used to settle credit payments in the

payment system similar to those in Williamson (2009).
4.1. Equilibrium

Definition: A symmetric competitive equilibrium is given by the sequence {c

0. sM, B0 LM, P,q,} ., for je[0,1] such that:
1. The household ; maximizes (1) subject to (2) and (5) and the nonnegativity
20 and M, 20,given (4).

7,t+1 7+l

Jit?

Jot+1 T+

constraints, L.
2. The government budget constraint is satisfied with (3).
3. The markets clear in each of the following periods: (a) goods market: oy (@)=

c;, for every market i to avoid arbitrage opportunities and V +(1-
49/ 7 ]dF(}/)zy , (b) bonds Market: P —-q, ,;+1+aB aB/ )
dF(y)=B, —q,B,,, = uM,, (c) money Market M;1 (1+,u)Mt—_|‘Z a1
dF(y)=M;,,, and (d) credit Market: éj!lﬂ 9, sl = Zj,m , and B%M =
Hj,H—le,H—l :

Suppose 4;, and 7,, are the Lagrange multipliers associated with (2) and (5).
Then, the choice for (c¢.,,B

;9B ,.1) is determined by
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u'(c;,)

L ﬂ’j,z +77]_’t (8)

qz< +77] z) ﬂE gRAS! 77j,z+1]' (9)
In equilibrium, when IAENH = A].’MLN+1 in terms of gross-settlement payments,

the gross-settlement share (9].’”1) is determined by

1 R /¢
P :ﬁ, (1())

qt Lj,t+l qz

where the nominal opportunity cost of per-unit net settlement is equal to that of

per-unit gross scttlement. In aggregation, from (10), net settlement needs (1—

9} .+1)7,;, amount of cash to pay off the transaction cost in the financial market. On
the contrary, gross settlement requires a total aB ., amount of government

nominal bonds as collateral.

Further, from (4) and (10), & <1 holds. Credit is usually more advantageous to
money as medium of exchange in the goods market. When a =1 it is indifferent
for shoppers to use credit or cash.

Second, since every household can have an access to the financial market, the
household j shares the same amount of money balances M, = M, +B,, —

q,B, +ab L. —af. L.

I L, . inLj . against y.  with other households by exchanging
money for one-period nominal government bonds. Hence, from (2) and (3), the
)y, +0,,L,, =M

t+1

A

collateral-in-advance constraint is given P(1—6 and, from

t 7+l

(10), it can be expressed in terms of the intertemporal real demand for credit

balances,

Jot )t

2 P

t

L (11)

t

a(l ]t+l)L]t+1 +é L _MZ
P

The decision on éj’m allows the household ; to share its risk (y;,) with
/P for L,
central banking may have real effects on the contrary to what is seen in Section 3.
=1) in (11),
then each household demands the different amount of money 6. ., L;, /P and
gross settlement alone cannot play the role of an insurance device anymore similar

others by adjusting the share of M / P.. Money is nonneutral and

1+1 7,241

However, if credit payments are entirely settled on a gross basis (9/ "

to the result from Section 3.
Subsequently, in (2) and (5), M, +qL,,, 0 L, =Py and the real
demand for money and the inflation rate are given by
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Mj,t+1
P :¢j,zy’ (12)

t

CDt—l
—(1"'#)?, (13)

where ¢,y is the household j’s share of y for money demand and @, =
,[7 ¢,,dF(y) is aggregate real money demand. Due to gross settlement, ®, may
ﬂuctuate over periods. Hence, from (8)-(13), the borrowing cost (g,) depends on
the share of gross settlement through ®, and ®,,, and is determined by

Z’/(C'Hl) 1 @ ﬂLP
_ E 7 [ J
9, ﬂ t|: M’(CN) (1+;UJ (Dt :| u’(Cj,t)(l'f‘,u)(I)t ’ (14)

where ‘I’j =E,[d'(c ®,,1>0.

Let us drop the household subscript ; to avoid confusion because every

j,t+l)

household makes an identical decision through financial market transactions. From
(2), (10), and (11)- (14), assuming 5/!! €(0,1) is a share of M, for 0. Lt the
choice for (¢,,L,,, /P, 0 ¢,) is determined by"

1+1 t+172

thzH y
e, =t o Ly (15)
P (ajq

t

0..c,=q(1+ Dy, (16)

1+

where y=y = V}/ LdF(y) and II=E[o,

1+1

]1€(0,1) as the expected share of the
money demand for gross settlement. Therefore, from (10)-(16), the resource

constraint [, +(1 0+1)7 y, where c—fyc dF(y)], and y=y>1, the

7 s
solution for (®,,0,,,,¢,,q,) is given by"
1
—=1-IT+adl(l+ ), (17)
®t
6, = all(1+ u)®,, (18)
¢, =[1-1-1I1)D, ]y, (19)
q, :'L’ (20)
u'(c,) 1+ pw)®

12 See appendix A for the derivation of (16).
13 See appendix B for the derivation.
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where ¥ =E [4'(c,,,)®,,,]1>0. In (17) and (18), @, relies on the ratio of the

t

expected net-settlement share to the current net-settlement share,

1 1-T1
- 1)
D, 1

t+1

From (17) and (21), if T1=0, then &

)., =0 and it becomes a pure net-settlement

economy with @, =1, as seen in Section 3. If II=1, then ém =1 anditis a
pure gross-settlement economy with @, €(0,1).

Proposition 1 In the coexistence of gross and net settlement with 11€(0,1), ¢, in (19)
is smaller than vy, consumption under the pure gross-settlement system, but greater than

0, consumption under the pure net-settlement system,

t

¢, =y— (1-TD,y €(0,y). (22)
%f—/

Net-settlement loss

Proof. From (17) and (21), if I1=0, then 6A’t+1=0, ®,=1,and ¢, =0.1If II=1,
then 6, =1 and ¢, =y. For e(0,1), TI®,ye(0,y) and ¢ =y—(1-TD)D,y

€(0,y) in (17) holds. =

Gross settlement dampens a consumption loss arising from net settlement. In
(22), since consumption increases with Il , consumption in the pure gross-
settlement system (II=1) is greater than any other consumption in the hybrid
system [ITe(0,1)].

4.2. Payment Policy Implications

This Section will discuss the short-run effects of payment policy on equilibrium
outcomes and the optimal collateral requirement ratio. Payment policy plays a dual
role in this economy. First, it works as an alternative policy instrument to control
the money supply in addition to open market operations. Subsequently, the
collateral requirement ratio would have a direct effect on the cost structure of the
payment system.

Suppose the government permanently increases the collateral requirement ratio
(a) of gross settlement. Then, given u>-—1, the household ; will demand
more government nominal bonds as collateral for unit gross settlement, which will
lead to a decline the stock of money in circulation.

A

Proposition 2 From (17), (18), and (20), the effects of a payment policy on (®,,0

19+
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q,) are determined by the following:(1) 0D, /0a <0, (2) 69: /0a >0, and (3)
Oq,/0a >0, where the payment policy elasticity of @, is inelastic from (o /D,)
(0D, /0ax)=—6,,, €(-1,0).

+1

Proof. See appendix C. =

Corollary 1 The effects of a payment policy on [ct,émct,(l—ém)ct] are determined

by the following:(1) 0Oc,/0a>0, (2) 00,c /0a>0, and (3) 6(1—6A’H1)cl /
Oa <0 for 1/®,>2(1-II).

Proof. See appendix C. =

There are two transmission effects of an increase in ¢ . One is the negative effect
on aggregate money demand (®,). A greater demand for nominal bonds from an
increase in @ decreases the demand for money and pushes the inflation rate
higher from (13) and (18). The other is the negative effect on the nominal interest
rate (1/4,). The short-run liquidity effect arises because a higher inflation rate
from an increase in @ decreases the nominal interest rate. Even if the household
J bears a greater collateral burden, inflation with a smaller return on savings
reduces the value of money and favors gross settlement that requires cash to settle
credit payments. The gross-settlement share (9:“) increases in order to save the
transactions cost of net settlement.

Hence, in corollary 1, consumption increases with «. In particular,
consumption for gross settlement increases, while consumption for net settlement
decreases because the negative effect on the net-settlement share dominates the
positive effect on consumption. There exist welfare benefits of a collateral

requirement, where social welfare is defined by W = jf u(c,)dF(y),

t

% =u'(c,)) &, >0.
o ox

Proposition 3 Given pu>-—1 and u'(y)= Y, the optimal collateral requirement
rate is one (" =1). From (18), the optimal gross-settlement share is one (0, =1).

Further, the net nominal interest rate is zero (q, =1).

Proof. In (20), if a =1, then q, converges to one, given u'((1+ )1y /(1+T1y))=
LY W+1w)/ A+ p). In (15), ¢, =y so I1=1, given u'(y)= LY. Thus, in (17)
and (18), 6, =1 and 1/®,=1+u>0. =

Since a permanent increase in « results in a positive income effect on
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households, optimal payment policy involves operating a pure gross-settlement
system with a full collateral ratio to lower the net nominal interest rate to zero in
(20). This welfare-improving role of gross settlement may justify the recent
replacement of net settlement with gross settlement in the large value payment

system, as discussed in Martin (2005) and Bech et al. (2008).
4.3. Monetary Policy Implications

This Section will discuss the short-run effects of open market operations on
equilibrium outcomes and the optimal money growth rate. Unlike payment policy,
open market operations control the money supply but do not have a direct control
on the payment system. Suppose the government permanently increases the money
growth rate () through open market purchases. Then, given « €(0,1), money

supply increases along with inflation rate, from (13).

Proposition 4 From (17), (18), and (20), the effects of monetary policy on (CDt,éM,
q,) are determined by the following: (1) 0®,/0u<0, (2) Gém /0u>0, and (3)
0q,/0u>0 for o>y/a, where o=—cu'(c,)/u"(c,)€(0,1) and the monetary

policy elasticity of @, is inelastic from [(1+ u)/ D, ] (0D, / Ou) = —49:“ € (—1,0).
Proof. See appendix D. =

Corollary 2 The effects of monetary policy on |c, ,émct ,(1- ém)ct] are determined by
the following:(1) Oc, /0u>0, (2) 69: ¢, /0u>0, and (3) a(l—ém)cl /0u<0
for 1/®,>2(1-11).

+1

Proof. See appendix D. =

A permanent increase in g results in inflation, and decreases both the
aggregate money demand and the nominal interest rate, similar to that of payment
policy. The short-run liquidity effect also arises. The higher inflation rate with a
smaller return on savings reduces the value of money and favors gross settlement.
The demand for cash in the credit settlement increases as the gross-settlement share

G

t+1

Hence, in corollary 2, consumption increases with g due the smaller

) increases in order to save the transactions cost of net settlement.

borrowing cost. In particular, consumption for gross settlement increases, while
consumption for net settlement decreases because the negative effect on the net-
settlement share dominates the positive effect on consumption, similar to that of

payment policy. There exist welfare benefits of an inflation, where social welfare is

defined by W, =[7 u(c,)dF(y),
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W, _er e so. (23)

ou ou

Proposition 5 The optimal money growth rate is infinity (u~ =). From (17) and
(18), the optimal gross-settlement share is one (6, =1).

Since the permanent increase in 4 results in a positive income effect on
households, the optimal money growth rate should be infinity. The gross-settlement
share converges to one in (18) whereas the aggregate real demand for money
converges to zero in (18). Hence, monetary policy can achieve efficiency only with a
very large money injection in the economy, while payment policy can achieve
efficiency given money stock in circulation. Payment policy would be a useful policy
device for monetary authorities who are not in favor of creating higher inflation in
the economy.

V. Conclusion

In this study, a credit-settlement model is constructed to explore the effects of a
deferred gross settlement in the credit economy and its central-bank-policy
implications. It addresses the potential importance of payment policy. In the
payment system, net settlement alone cannot achieve efficiency; however, a greater
share of gross settlement dampens a consumption loss against the interest-rate risk
arising from inflation and improves social welfare. Payment policy controls the
collateral requirement ratio in gross settlement, and the optimal collateral ratio is
one. On the other hand, monetary policy controls the money supply through open
market operations, and the optimal money growth rate is infinity. Payment policy
may be more desirable than monetary policy as the former maintains relatively
stable money supply.

In order to delve into various aspects of payment and monetary policy, several
variant models could be considered, in which money and credit are in circulation as
medium of exchange or in which multiple types of collateral is required for gross
settlement. Besides, in this paper, the credit risk in net settlement does not play a
crucial role in the choice of payments systems since there is no balance to settle on a
net basis in a symmetric equilibrium. It would be potentially another interesting
extension of the model to introduce a financial market friction arising from
asymmetric information or limited commitment to analyze its effects on the

demand for money, the choice of payments system, and central banking.
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Appendix
A. Derivation of (16)

First, in (11), suppose &,, €(0,1) is a shareof M, for 49 L., . Subsequently,

Ry A
from (2) and (11), ¢, =¢,L,,,/F, and 49] L, =6, M, unply that

~

A _ qz—lgj,zLj,t _ qz—lé‘j,thJrl

JatT gl T - )
. L

and, given (13),

A é‘j,zHMerZ (Dz
0/ t+1 7t ntt - 5 qt t 5] t+l(Dt+ly(1 + /l) q)
1+1

¥
=q,(+ Dy, (24)
L. (1+ulld
7,241 — ( /f) ,y , (25)
B 9],:+1

where I1=1I1,=E,[5,,,] forall ;.
B. Derivation of (17)-(19)

First, since every household participates in the financial market, it shares
identical new credit balances (L,,.,/FB) with other households. From (10) and
(25), y/a=1+wlld,y/6.,,. leen y=7, (18) holds. Second, from (18), the

aggregate net-settlement cost is given by
7
L (1-0 )V AF () =y — J oV, AF(y) =y —a(l+ D,y , (26)

J.Z dF(y) . Subsequently, from (2), (3), (12), and (16), P(1—
9',t+1)7/j,t + j,tLj,t —M hOldS, and

1+1

v A _ 7Mz+1 éj,tLJ}t
L -0,,.)7, dF(y)= jZ )

t

= (th _HCD,))/ = (1 _H)thy > (27)

additionally, from (26) and (27), (17) holds. Third, (19) holds from (27), and the
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resource constraint can be expressed as

y= r ¢, +(1=0,,.)y, dF(y)=c, +(1-T)D,y.

Finally, (20) holds from (14), (17), and (19) with satisfying c,«'(c,)[a(1+ @)]®, =
PY¥Yy in equilibrium.

C. Proof of Proposition 2 and Corollary 1

First, in (17), the effectof & on @, is determined by

P, _ ~TI(1+ @)@’ <0. (28)
oa

Subsequently, from (18) and (28), the effect on ém is determined by

26, a oD
1+ p)®, | 14— —= >0, 29
~EE =TI+ 40) ( o an (29)

where TI<1 and

2O a1+ p)®, =B, € (~1,0). (30)
O, da

t

From (19), (20), and (28), the effectson ¢, and ¢, are determined by

&, o0

==ty >0 31
oe ( ) oa > (31)
%:(ﬁj( ! j [—u"(c,)@t%—u'(g)a@z}

oo 1+ ) d'(c,)D, oa da
_[ Y LY, N
_(1“‘#][”,(6;)@,} [ll (C,)CD,(I H)y u(cz)] Py >(), (32)

Second, it is straightforward to show the positive effect of & on AMCZ from
(29) and (31). Subsequently, in (18) and (29)-(31), the effect on (1—92“)0, is
negative from, for 1/®, >2(1-II),
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a(l B 9t+1)cz — (1 _éHI) act _C, aHtH
ox ox ox

N od a 0
=—(1-0,,)1-T)y—-—c 11+ )@, | 1+ ——=
( t+1)( )ya Cz ( ILI) ( (D aaj

t

_1_9 1 H t+17¢
( ) i oa a D, da

——(1-4,.y (—jiai—em‘f 1+ 92,
a )0, oo a D, Oa

oD, ec( aad)t]
l+—

[
|
~
-
|
D>
t
-
@
7\
R |=
N—
Y
k3
RS
i
S
Py
=~
S
i
A

=| —2=1 4,120 -THD,y—y]

1-0., )5 [1-TT—all(+ p)
= z+1y <0
1-IT+all(1+ )

D. Proof of Proposition 4 and Corollary 2

First, in (17), the effectof u# on @, is determined by

P, _ —alld? <0 .
ou

From (18), (19), and (33), the effects on 0

)., and ¢, are determined by

s _ 11| @ +01+ 22 | = o1 [1— ol 11+ D,
ou ou

=odl®,(1-6,,)>0
&, _ (- H)yai>o
ou ou

Then, from (17) and (20),

Yixd

u'(c))q, =———,
€)a. = ),
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and from (33) and (36), the effect on g, is determined by

, " oq, pY { 661),}
u(c)+qu(c))—F=———""—"—"—7O, +1+pu)—=|, 37
[u'(c,)+q, (,)]aﬂ r o | 1+ ) o (37)

where o =—cu'(c,)/u"(c,) €(0,1). Subsequently, by rearranging (37) with (15),
assuming o >y/a,theeffecton ¢, is positive from

o, sy VALY
o w'le) (=) (1+p)’ @, D, ) ou

pr1-9.) —>0 (38)
u'(e,) (1= (1+ ) @,

where in (18) and (33),

@ i

t

[H—”] f;q)f = —all(l+ p)®, =—0,, e(~1,0).

A

Second, it is straightforward to show the positive effect of o on 6, from
(34) and (35). Subsequently, in (17)-(19) and (33)-(35), the effect on (l—é’m)ct is
negative from, for 1/®, >2(1-II),

a(l — 9z+l)ct — (1 _ éHl )2_ c agxﬂ
ou ou ou

= —(1—éﬁl)(l—H)y@—ctaHCDt(l—ém)
ou

=(1-6,,)ad1®,[(1-TD)D y—c,]
=—(1-6,,)ad1® [1-201-T)D, Jy
1—H—aH(1+,u)} -0

=(1-6,)adl®
1=6) 'yL—H+aH(1+y)
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