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A model for banking is constructed to explore the role of a payment system with limited
commitment as another determinant of a spread between the loan and deposit rates. Limited
commitment constrains credit settlements. In equilibrium, collateral is required in the
payment system and affects the loan rate, the distribution of money, consumption, and
output. The optimal policy mix minimizes the interest rate spread and increases output. The
Friedman rule is generally not optimal.
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I. Introduction

This study aims to explore the effects of a payment system with limited
commitment on the loan rate, the distribution of money, and social welfare. The
payment system needs liquidity to proceed with credit settlements established
through goods trades among economic agents. The demand for settlement liquidity
varies depending on the types of the settlements—gross and net settlements—and
the timing of the settlements—real time and deferred settlements. This variation in
the amount of the settlement liquidity could affect the loan rate, bank reserves, and
the distribution of money.

For example, the net settlement—offsetting settlement positions with other banks

is known for demanding less liquidity in the payment system than the gross
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settlement—transferring money individually to counterparty banks. Additionally, a
deferred settlement in which a transaction is settled later at the end of a predefined
date promotes intertemporal trades and economic activities in a highly sophisticated
economy in contrast to a real-time settlement in which a transaction is settled as it
takes place. The deferred settlement is subject to limited commitment, which
requires some ecligible assets to serve as collateral to secure the credit provided.
Assets eligible as collateral are usually liquid and risk free, such as money and
government bonds." However, the collateral would come at a price by decreasing
bank investment. The loan rate would rise, and economic activity would decline.
Our baseline model explores the effects of the payment system with limited
commitment on banking and economic activities through the variation of
settlement liquidity. A household involves multiple means of payment—cash and
one-period credit. In a financial market, a bank issues one-period credit to the
household. The household’s credit balances are subject to limited commitment, and
money serves as collateral. The bank settles credit balances with money via the
following two settlement processes in an interbank payment system: the gross
settlement system, a proxy for a wholesale payment system; and the net settlement
system, a proxy for a traditional retail payment system. Bank liabilities are subject to
limited commitment. Credit settlements hold up money as collateral in the payment
system. Unlike Boel and Camera (2020), the gross settlement demands more
liquidity than the net settlement and also requires more collateral. In the goods
market, the household exchanges money or credit for consumption goods with
others. Money serves as a means of payment in a goods market and a means of
settlement within the banking system. The government controls the collateral
requirement rate as collateral policy and the money growth rate as monetary policy.
In a symmetric equilibrium, the net settlement does not need collateral deposits
given that no positive net-settlement balances are left to transfer once offsetting
settlement positions with other banks. The gross settlement demands collateral
deposits in the payment system. If the collateral constraint does not bind, then, the
bank holds enough collateral deposits in the payment system. The collateral policy
does not influence the loan and deposit rate similar to Boel and Camera (2020).
The gross settlement can be efficient contrary to Boel and Camera (2020). By
contrast, if the collateral constraint binds, then, collateral deposits become scarce in
the payment system and distort the loan rate. The collateral policy may unwind the
distortion. Owing to the distortion arising from the gross settlement, the net
settlement is efficient. The higher demand for settlement liquidity and collateral
distorts the loan rate and bank investment, hence resulting in negative effects on

consumption and output. An increase in the spread may suppress consumption and

! According to the Bank for International Settlements, a payment system must take safe assets as
collateral including money and nominal government bonds.
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output in line with Bigio (2023). Next, monetary policy affects both interest rates
whether the collateral constraint binds or not. Inflation reduces the purchasing
power of cash and compels the household to substitute cash for credit, as spending
on the latter is more beneficial. The demand for settlement liquidity increases,
whereas the demand for money as a means of payment decreases. This substitution
of cash for credit in goods trades pushes up the loan rate and reduces labor supply.
Inflation may be somewhat welfare-improving as long as the positive effect of an
increase in credit-good consumption dominates the negative effects. Finally, the
policy mix may minimize the interest rate spread to enhance welfare.

The key novelty of this paper is to capture the role of collateral assets in banking
and economic activities under limited commitment. Limited commitment
constrains credit settlements. Collateral is required in the payment system as an
insurance device for a smooth settlement process. The constrained credit settlement
distorts the interest rate spread, the distribution of money, consumption, output,
and social welfare. The related theoretical work on financial intermediation and
liquidity premia includes Williamson (2016) and Boel and Camera (2020).’
Williamson (2016) discusses the effects of collateral pledgeability on a term
premium when aggregate collateralizable assets are scarce. The different degrees of
pledgeability across assets and the scarcity of collateralizable assets reflected in
inefficiency distort banking activity and lead to a term premium. Boel and Camera
(2020) are particularly relevant in that they explore the effects of costly banking on
the positive spread between the loan and deposit rates and social welfare.
Competitive banks make out within-period cash loans to their customers by bearing
labor resource costs. In equilibrium, the inefficiency in banking induces a positive
interest rate spread to cover the labor resource costs. The bank may not improve
welfare in a deflationary or sufficiently low inflationary economy. According to
Williamson (2016) and Boel and Camera (2020), financial intermediaries settle
credit payments solely on a net basis and do not require any settlement liquidity.
However, these models do not focus on the real effects of limited commitment in
the payment system on the loan rate, the distribution of money, and economic
activities.

The following growing body of rescarch focuses on the real effects of credit
settlements: Callado-Munoz (2007), Lester (2009), Kahn (2013), Tomura (2018),
Choi (2023a), and Bigio (2023).’ Particularly, Kahn (2013) emphasizes the role of

collateral in competition between public and private credit arrangements and the

? Literature on other issues of banking includes Diamond and Dybvig (1983), Berentsen et al.
(2007), Becivenga and Camera (2011), Chiu and Meh (2011), Williamson (2012), and Bianchi and
Bigio (2022).

* A large literature also exists on the optimal design of the payment system, including Freeman
(1996), Kahn and Roberds (1998; 2001), Williamson (2003), Koeppl et al. (2008), Kahn and Roberds
(2009), Jurgilas and Martin (2010), Callado-Mufoz (2013), and Choi (2018; 2023b).
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central bank’s policy decisions. A government’s monopoly power over the assets for
payments and collateral induces real effects on economic activity. However, Kahn
(2013) does not consider any explicit frictions on the rise of collateral deposits. Choi
(2023a) examines the effect of multiple types of collaterals in credit settlements on
consumption and social welfare in an endowment economy. A bank may hold
money reserves or one-period government bonds as collateral. A greater demand for
money reserves functioning as collateral reduces the amount of currency in
circulation as a means of payment and consumption with cash. The composition of
collateral may have real effects on consumption and social welfare. Banking activity
is efficient and does not induce any positive interest rate spread. However, these
models do not shed much light on the welfare implications of financial frictions in
the payment system.

The remainder of the paper is structured as follows. The second section outlines
the baseline model. The third section characterizes a set of equilibrium allocations.
The fourth section examines government-policy implications. The last section

concludes.

I1. Model

The background environment of this model is based on Andolfatto and
Williamson (2015) and Boel and Camera (2020) with elements of credit settlements
taken from Choi (2023a).

2.1. Households

An existing unit mass of infinitely lived identical households is indexed by
7€[0,1]. Each household consists of a continuum of buyers with unit mass and a

seller. The representative household has preferences given by
U(le,,,,c. i }y) = Zﬁt[m(f,,,,,) +(=7)ulc,,)—v(n,)], (1)
=0

where £ is the discount factor, ¢, is the perishable consumption goods

mt

purchased by cash, ¢ , is the perishable consumption goods purchased by credit,

c,t

z

and #, is the total supply of labor which adds up 7, units of labor for financial-
service provision and #,, for consumption-good production, ie., 7, =n_+n,,.
In (1), «(-) is a twice continuously differentiable and strictly concave utility
function with «(0)=0, #'(0)=0 , «'(0)=0. Additionally, o(-) is a twice
continuously differentiable and strictly convex disutility function with »(0)=
2'"(0)=0 and o'(0)=c0.



Hyung Sun Choi: Banking, Costly Credit, and Interest Rates with Limited Commitment 115

In each period, every buyer in the household receives preference shock 7 €[0,1]
in line with Andolfatto and Williamson (2015). With the probability of 7, a buyer
wants to use cash to acquire consumption goods. However, the buyer wants to
spend on credit with the probability of 1—7 . A seller is endowed with one unit of
labor and decides how much to produce financial services in a bank and
consumption goods in a goods market. Any member of the household cannot
consume her own goods.

At the beginning of period #, the houschold carries M, units of money in a
transactions account, D, units of money in a one-period savings account, H,
units of money in a one-period collateral account, and L, amount of outstanding
credit balances issued at period #—1. Here, we assume that M, >0, D, =0,
H,=0,and L, =0 are given. From the transactions account, the household can
withdraw money freely at any time without bearing any cost. The household cannot
liquidate other accounts before they mature. Then, buyers receive the preference
shocks.

In the financial market, the bank provides three types of financial services to its
customer household: a money transfer from one account to another for goods trades
in the subsequent goods market, an asset transformation of savings deposits into
interest-bearing assets, and credit management including an issue of a new line of
credit and credit settlements through an interbank payment system. First, the
household transfers cash X, between the transactions account and the matured
savings account D,. The remaining funds are deposited into the new interest-
bearing one-period savings account D, . Each deposit of D,, in period z will
earn a net interest rate of 7,,., >0 in period 7+1.

Next, the household obtains a new line of bank credit L,,, against D, . A unit
of credit of L, is issued at a price of one unit of money in period z and is a
claimto 147 ,,, units of money in period #+1 given the netloan rate 7, ,,20.
Moreover, the household decides the fraction 62“ €[0,1] of L,, that will be
settled on a gross basis through the wholesale or large-value payment system in
period #+1 and the rest 1-6

)., on a net basis through the retail payment

system.” Against L, the household must submit a collateral of H,  in the

collateral account ahead of a period.” Considering that I is settled later in

* In practice, the household does not explicitly choose the settlement type which is determined by
the value of credit payments. However, in this large-houschold framework, a unit mass of buyers in
cach household represents a variety of economic individuals with different values of credit payments.
Hence, the gross settlement share 6 is a proxy of a fraction of buyers who make large-value
payments, and the net-settlement share 1-6 is a proxy of another fraction of buyers who make
small-value payments. For example, large-value and high-priority payments are generally settled on a
gross basis in a wholesale or large-value payment system. Small-value payments are settled on a net
basis in a retail payment system.

° The household separately holds D,,,

credit settlements and the household’s real activities. Particularly, the demand for H,,, will depend

and H,, to emphasize the role of collateral deposits in
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period ¢+1, this collateral deposit serves as an insurance tool to prevent potential
default risk from arising. Each collateral earns a net interest rate of 7,,,20 in
period z+1. No aggregate scarcity of the supply of collateralizable assets exists
unlike Andolfatto and Williamson (2015) and Williamson (2016).

Third, the household settles the matured credit balances L, issued from period
t—1 through the bank. Concerning payment-system maintenances and upgrades,
the household pays off some resource costs— a fixed fee y, for per-unit gross
settlement and y, for per-unit net settlement. We assume y, >2y, to capture a
cost reduction in the gross settlement due to advances in information and
communication technology in line with Choi (2023a).°

The household’s financial transactions are summarized by the cash-in-advance

constraint and the credit constraint, respectively, as follows:

Ptz—cm,t = Mt + Xt > (2)
E (1 - T)Cc,z = Lt+1 > (3)

where P is the average price level of consumption goods, ¢

> 1s consumption

goods purchased by cash, and ¢_, is consumption goods purchz;sed by credit. The
financial constraint is given by
X, +D,, +(+n, )L, +H,, +Bly, +(1=0)Y]=(+1,,)D,+(1+n, )H,, (4

1+1 1+1 t

where (1—7,,)L, is the amount of credit loan paid oft in period 7, (1+7,,)D, is
the amount of savings deposits matured in period 7, (l+7,,)H, is the amount of
collateral deposits matured in period z, and 7, +(1—9:)Y denotes the aggregate
fees 9f payment-system maintenances and upgrades for Y=y,—y >0 and y +
(1-6)Y=0y,+1-06)y,. In (4), the household demands money for
consumptior}—good trades (X,) and credit settlements {(1+ noL +H,  +

Bly, +(1—6))Y]} . Money serves not only as a means of payment for goods trades

on the choice of settlement types, whereas the demand for D,,, will not.

% According to Bech et al. (2008), Allsopp et al. (2009), Bech et al. (2017), and Bank for
International Settlements (2021), advances in information and communication technology have
dramatically reduced the costs of operating the gross settlement system and have many countries to
replace the net settlement system with the gross settlement system. For example, as of December 2021,
the development of retail fast payment systems (FPS) is operational in 27 countries including Australia,
Canada, China, the Euro Area, Hong Kong, Japan, South Korea, Singapore, and the United States
according to Bech et al. (2017) and Bank for International Settlements (2021). However, as Allsopp et
al. (2009) point out, the information on the costs of gross and net settlements is not generally publicly
available. Hence, based on the discussions in Bech et al. (2008), Allsopp et al. (2009), Bech et al. (2017),
and Bank for International Settlements (2021), we assume that the operating costs of the gross
settlement are smaller than those of the net settlement to capture the recent adoption of the gross
settlement system.
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but also a means of settlements. Notably, the household receives the matured
collateral deposits after the settlement is completed. Therefore, the consolidated
liquidity-in-advance constraint is given by (2) and (4),

Prc,,+D, +(+n )L +H,, +Ply, +(1-0)Y]

=M, +(1+ rD,t)Dt +(1+ rH,t)Ht . (5)

In the goods market, a seller produces one unit of the consumption good for each
unit of labor supplied. The production technology is identical across sellers and is
independent from 7. The goods market consists of two competitive submarkets
similar to those in Williamson (2009) and Andolfatto and Williamson (2015). One
is a cash market in which cash is solely accepted in trades as no memory and no
record-keeping technology exist. The other is a credit market in which credit is
accepted in trades as the bank manages perfect record-keeping technology and debt
enforcement technology.” In a cash transaction, a constant fraction 7 of the buyers
purchase consumption goods with cash from sellers incurring no transactions cost.
In a credit transaction, the rest 1—7 of the buyers spend on credit to acquire
consumption goods. After the credit transaction, banks transfer cash to sellers on
behalf of their buyers. Therefore, 7 plays as a proxy of a cash-credit choice made
by a unit mass of buyers across the goods markets. Finally, each seller does not bear
any transactions costs arising during the goods trades. Therefore, the identical
production technology across sellers without bearing any costs in the goods market
implies that the price of consumption good across the markets would equal P.

At the end of the period, all agents return home with the revenue of sales. The
household deposits earned cash into the bank and receives a dividend income from
the bank. No further exchange occurs, and no barter is allowed. The household’s

budget constraint is given by

Plzc,,+(1=1)c,, 1+ D, +(+7, )L, +H,,, +Bly, +(1-0)Y|+M,,,
=M, +L

m+(1+’b,t)Dt+(1+7H,,)Ht+W n, +W. n  +Pr,, (6)

w,tfw,t st hsyt

where M,,, is the demand for money brought over in the next period, W, n , +

w,tCw,t

W n is aggregate labor income, W is the nominal wage rate for

s,t' st w,t

consumption-good production, W_, is the nominal wage rate for financial-service

production, and Pz, is the dividend income from the bank.

7 We could introduce the risk of theft of cash in the model to assure that credit is the sole medium
of exchange in the credit market. However, it does not alter any main implications of the model, but it
makes our equilibrium analysis less tractable.
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2.2. Private Banks

A continuum of competitive private banks exists in the financial market.
Financial intermediation is assumed to be costly in that financial service
management incurs labor costs as in Boel and Camera (2020). The bank is assumed
to be the sole entity that can manage a record-keeping technology of financial
histories and trading histories in the credit-good market similar to Berentsen et al.
(2007) and Boel and Camera (2020). Additionally, the bank is able to force credit
repayment at no cost by using debt enforcement technology.

The bank facilitates financial services to customer housecholds by managing four
assets, namely, money, credit balances, collateral, and nominal government bonds.
First, in period #, the bank offers a deposit contract (D,,) to its customer
household and invests all received deposits into newly issued one-period nominal
government bonds (B,,,). A unit of nominal government bonds sells for one unit of
money in period ¢ and is a claim to 147, units of money in period z+1.
Given that the government bond is a book-entry bond, it cannot be circulated as a
medium of exchange. In addition, it cannot be liquidated before its maturity. In
other words, the household’s savings deposit cannot be circulated as a medium of
exchange either. No reserve requirements are required for savings deposits.

Next, the bank issues a new line of one-period credit (L,,,) for the household
against D, and takes collateral H,, ahead of a period to prevent default risk
from arising.” Then, the bank settles credit balances from period z—1 through the
interbank payment system. Once the settlement is completed, the bank returns
collateral H, with an interest 7,, to the household. Notably, the bank works like
a narrow bank in that the bank’s investment in interest-bearing government bonds
is risk-free, and the maturity of the investment matches the maturity of the savings
deposit. We assume that the bank pays off the return on collateral as much as the
return on government bonds, i.e., 7,, =7, given that the collateral deposit also
serves as a one-period asset.”

Finally, the bank requires labor resources for financial management including
credit settlements. In period 7, the bank can employ 7, units of labor to manage
f(n_,) units of credit that will be matured at period #+1:

¥ Given that the bank takes collateral from the household and does not face any uncertainty of
banking activity, it does not demand intraday/overnight overdrafts from the government unlike
Freeman (1996; 1999). Considering that the bank keeps collateral as reserves for a period, housechold
collateral works much like overnight overdrafts in our model.

* We could assume that the bank may impose the collateral-deposit rate smaller than the nominal
interest rate (r,, <7) similar to interest on reserves. Then, owing to the smaller return on the
collateral deposif, the share of the gross settlement would decrease. However, this modification does

not significantly alter the main results and their implications.
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Lt+1 = Rf(n:,l) ’ (7)

where 7, is the labor supply of the seller for the bank, and f(-) is twice
continuously differentiable and concave with  £(0) =0. From (7), the bank’s profit-

maximization problem in period # is characterized by

max]7, n, il 1,8, rD,t+1D Ty, i I/V: s s (8)
subject to
T sz(nu) <D,, 9)
BLHSDHI (10)
(1+7Lz+1)‘9 1Lz+1—(1+’H s H (11)

The bank’s profit in (8) consists of the expected net return from credit

management (7, L, —7,;,,H,,,), the expected net return from investment

H.t+1
(B —1,.D,,), and the labor costs in banking activity (W, n ). The
constraint of (9) denotes the household’s credit limit against its savings deposits
D, . In (10), the bank’s investment in nominal government bonds must be less
than or equal to D,,,. Finally, the constraint of (11) is the collateral constraint for
credit settlements in period 741 implied by limited commitment. To transfer
actual credit payments individually to other banks on a gross basis, the household
must deposit enough collateral that covers the gross-settlement funds in period
t+1 (Ht-HLH-l)' By symmetry, no positive net-settlement balances will be left to
transfer once offsetting settlement positions with other banks.

2.3. Government

The government controls a couple of policy variables—the rate of money growth
p#>—1 for monetary policy and the collateral requirement rate x2>1 for
collateral policy. First, the government conducts open market operations to control
4 and affect the supply of money. The government budget constraint is satisfied
with

(1=7)B, =B/, =M, —M; = uM,, (12)
where B, is the amount of the newly issued nominal bond supply, and M;,, is

the money stock after open market operation in period z.
Next, the government sets the collateral requirement rate & for the stability of
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the interbank payment system affecting the bank collateral constraint for credit
settlements in (11) and the household’s collateral deposits,

(13)

Figure 1 sums up the itinerary of events of the household and the bank in period z.

[Figure 1] Itinerary of the Household and the Bank in Period ¢

At the beginning of the period, —
+ The household enters with M, , D, ,and L,
[«—In the financial market,
- The household chooses X,, D,,,,

and gets (1+71,,)D,, (1+r, )H,
- The bank provides financial services

L

141

In the goods market, —
- Goods are traded with cash and credit
[«— The houschold receives the total revenue of W, ,-n,

+ W, -n , and the dividend income of P,

ITI. Symmetric Equilibrium

Dsﬁnition: A symmetric competitive equilibrium is given by the sequences
{Hm 2CmisCer w,t’nf,z’Mt+l D,.,H,.,,B,,,L,, ’M; ’1)1’Ww,t’W:,z’rl,,z’rD,z’rH,z’rz}?O:O
given {y,,7,,7,k,u} such that,
1. The household maximizes (1) subject to (5) and (6) and the nonnegativity
constraints, L, =0 and M, =0.

2. The bank maximizes (8) subject to (7), (9), and (11).
3. The government budget constraint is satisfied with (12).

nz’n 1419

4. The markets clear every period.

(a) CA}oods market: (i) Aggregate consumption: 7c, ,+(1-7)c_, + 7, + (1-
6)Y=n,, given Y=y, ,—y >0 and (ii) Credit-good consumption:
(=7)e, L, /PF.

(b) Labor market: »,=n,,+n_, and W, =W, =PF,.
(c) Money market: M, +X,=M,, =M, and M, =(1+u)M,.
(d) Bonds market: D, =B, =B,, (1+7)B,—B,, =uM,,and 1,,=r,, =7,

In the symmetric equilibrium, the price level is identical across the goods markets

as P because each seller has the same production technology and does not bear
any transactions costs in goods trades. The wage rate for consumption-good
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production is identical to the price level, i.e., P, =W, , too. Moreover, owing to the
linear relationship between 7, and # , the wage rate of consumption-good
production and financial-service production must be identical as W, =W, .
Therefore, all wage rates equal the price level, ie., W, , =W, =P." Next, the
bank invests all savings deposits into one-period nominal government bonds
(D, =B,) which implies that 7,, =7, for all 7. Given that the bank pays 7 on
collateral deposits, the return on savings deposits equals the return on collateral
deposits (1, =1, =1,).

3.1. Household’s Decision

Suppose 4,,>0 and A4,,>0 are the Lagrange multipliers at period ¢z
associated with the consolidated liquidity-in-advance constraint of (5) and the
budget constraint of (6), respectively. The choices for (¢, ,,1-6,,)c,,,n,,,M,,,

D,,,) are determined by

tu'(c, )= P4, +4,,),
(1-0)1-0,)(c. )= PA-1)(1-0,)A,,, b

(14)
(15)
v'(n)=PA,,, (16)
(17)
(18)

/12,1 = ﬂEt [/’Ll,t-H + //l’z,t+1] > 17
//i‘l,t +//i’2,t zﬂEz[(l_i_’;H)(ﬂ‘l,t-ﬁ—l +/’l’2,t+1)]‘ 18

In equilibrium, much like standard cash-in-advance models, the marginal utility of
cash-good consumption in (14) is related to both shadow prices of the liquidity-in-
advance and budget constraints. The marginal utility of credit-good consumption in
(15) is related to the share of the net settlement (l—é

t

1) and the shadow price of
the liquidity-in-advance constraint. The marginal disutility of labor supply in (16)
is dependent of the shadow price of the budget constraint.

Now, the share of the gross settlement 0

1+1
(1 +”,+1) Pt+l(1 _91+L)7/n
(7 )= 0..)L,.,

is determined by

A

1+7 H PO
— ( H,t+12 1+1 + (1 + 1’t+1) t+1 z+i7/g (19)
(1 + 7L,z+1 )Hz+ll‘z+] (1 + rL,z+1 )HzHLHl

"% Notably, the curvature of the loan production function f(n,) is a determinant of the bank’s loan
rate but is independent from the nominal wage rate W, .
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where the opportunity cost of per-unit net settlement equals that of per-unit gross
settlement. On the left side of (19), the opportunity cost of per-unit net settlement
only involves the foregone interest rate from the transactions costs y, . Collateral
deposits are no longer in use for the net settlement because no positive net-
settlement balances are left to transfer once offsetting settlement positions with
other banks. On the right side of (19), the opportunity cost of per-unit gross
settlement is the unit cost from collateral deposits plus the foregone interest rate
from 7, - Then, from (13) and (19), the real demand for loans is characterized by

L

t+1

P

t+1

r 20)
K

where Y=y, —y, . The total credit issued in period ¢ is dependent of the price

level in period #+41 at the time of the settlement P_,, Y,and «x.

+1

3.2. Bank’s Decision

The bank invests all savings deposits in one-period government nominal bonds
and holds no reserves against the savings deposits. To secure settlement funds in the

payment system, the bank takes the collateral deposit from each household."
3.2.1. Unbinding Collateral Constraint

Suppose the collateral constraint of (11) does not bind. Then, the bank holds
enough collateral deposits for the gross settlement. The bank’s profit-maximization
problem in period ¢ from (8)—(11) with (13) is reduced to

A

n:aX[Ptf(ns,t ) (rL,H—l - K0t+1rt+1 ) - Enx,t] .

The choice for n, is given by

12

K0 !

11 Zm' (21)

rL,Hl -

The payment system plays an explicit role as a determinant of the loan rate. The

' If the bank holds 100% reserves against the savings deposit, then, the bank would not take the
collateral deposit from the household. In this case, the bank’s decision would be much different from
those that will be studied in the current model. See Appendix A for further discussion. Furthermore, as
long as the returns on savings and collateral deposits are identical, partial reserve requirements on
savings deposits will not alter our key results.
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loan rate depends not only on the deposit rate and the marginal cost of financial
services as in Boel and Camera (2020) but also the share of the gross settlement. For
example, if the gross settlement share @, increases, then, the loan rate increases

in (21). A greater 6,

)., increases the housechold collateral deposits and reduces

deposit funds in the savings account. Bank investment in government bonds
decreases. The bank starts charging a higher loan rate for credit management to
compensate for the investment loss. Hence, the spread between the loan rate and

7

-.,) widens up. This spread is generally positive under the

the deposit rate (7,

S1+1

condition of €., >1. However, contrary to Boel and Camera (2020), the spread

t+1
may be negative if the gross settlement share becomes too low that the loan rate is

smaller than the deposit rate.

3.2.2. Binding Collateral Constraint

Suppose the collateral constraint of (11) binds. Then, from (13) with 7, =17,
for all ¢, the collateral constraint is given by
1+rL,t+l = (l+rz+l)’(' (22)

The loan rate primarily depends on the deposit rate and the collateral requirement
rate (k). The loan rate is greater than the deposit rate as long as the government
sets the collateral requirement rate greater than one. Under this circumstance, the
government may play an important role in controlling the loan rate by adjusting « .
Contrary to (21), the share of the gross settlement does not directly affect the loan
rate.

IV. Steady-State Allocations

Hereinafter, we focus on a steady-state equilibrium in which forall z, 4 =24,
LH=4,, é:ém s Cp=Cpys €. =C, n=n,, n,=n,,, n=n,, m=M,/
B, I=L,/F, n=n,, r=n=mn, :rH,zsand B /P =l+u.

Suppose the bank has a linear credit-production function f(n,)=n, for
tractability. Then, the bank does not earn any profit, and the household does not
receive any dividend income. In the steady-state equilibrium, from (14) and (16)—
(18), the marginal rate of substitution of cash-good consumption for aggregate labor

supply equals the return on nominal government bonds,

) iy, (23)

v'(n)
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where the nominal interest rate is given by

I+ u
I+r=—-—. (24)
p

From (15) and (16), the marginal rate of substitution of credit-good consumption

for aggregate labor supply equals one:

=1. (25)

v'(n)

Next, from (3) and (7) with  f(»,) =n,, the houschold’s credit balances (/) , the
labor demand for the bank (n), and the aggregate credit-good consumption
[(I-7)c,] are identical,

l=n=(1-7)c,. (26)

Hence, from (20) and (26), they can be expressed in terms of the money growth rate

4 and the collateral requirement rate « :
Y
l=n=(1-7)c, =1+ pu)—. (27)
K

If x increases or u decreases, then, in (27), the amount of bank loan, the labor
supply for banking activity, and credit-good consumption decrease.

Lastly, from (5), (6), and (13) with the money- and bonds-market clearing
conditions, the real demand for money () that equals the aggregate labor income

(n) is given by"

re. 4 bl Lo iey 0= =m=n. (28)
——— 1+ u ﬂ &

For goods trades

For credit settlements

The money demand for the household has the following two types: demand money
as a means of payment for goods trades and as a means of settlement for credit
payments and collateral deposits. From (26), (28), and the goods-market clearing
condition [z¢, +(1-7)c, +7, +(1—é)Y=nw], the gross settlement share 0 can

12'See Appendix B for the derivation of (28).
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be determined by"

ozxé(iqju—w. (29)
B I+ pu

The fraction 6 of credit payments that go through the payment system on a gross
basis depends on the loan rate, the collateral requirement rate, and the money
growth rate. From (28) and (29), 6 interacts with the loan rate and real variables
similar to Bigio (2023). Hence, the payment system may influence banking and

economic activities.
4.1. Unbinding Collateral Constraint

Suppose the collateral constraint of (11) does not bind. Then, the bank operates
similarly to Boel and Camera (2020) soaking up labor resources similar to Boel and
Camera (2020). Hence, collateral policy does not influence the loan and deposit
rates.

Proposition 1 Under the condition of f € (0,1),

K>2, (30)
(é,r,‘) is determined by (21), (24), (26), and (29):
=2, (32)
K
1+ u
1+7 =2(1+ )=2[—j. (33)
7 r ;

From (23)—(33) with the labor-market clearing condition (n=n,+n), (,n,,c, ¢

)" m?

n,n ) 1isdetermined.
w

Proof. In a steady state, (32) is given by inserting (21) into (29), and (33) is given by
(21) and (32). The proof of (/,n,c,,c, n,n,) is straightforward from (23)—(33)
and n=n,+n_. =m

A

When the collateral constraint unbinds the share of the gross settlement, 6 is

13 See Appendix C for the derivation of (29).
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negatively related to the collateral requirement rate & from (32). A higher &
increases the burden of the gross settlement and decreases 6. From (24) and (33),
the loan rate is independent of the collateral requirement rate but dependent on the
money growth rate. Hence, the government can influence the interest rate spread

solely through monetary policy.
4.1.1. Collateral-policy Effects

Suppose the government permanently increases & holding g constant under
the condition of (30). Then, the increased burden of the gross settlement distorts the

choice of @ and yieldsa negative effect on consumption.

Lemma 1 From Proposition 1, the effect of Kk on (é,l,n;,c[,cm,n,nw) is given by (1)

6@/8K<O, (2) 0l/0x=0n/0k=01-7)c, /O0k<0, (3) Otc, /Ok<0, (4)
On/0k >0, and (5) On,/0k>0.

Proof. See Appendix D. m

Proposition 2 From (24) and (33), no effect exists on (v, ,r,r, —r): (1) Or, /0x =0,
(2) Or/0k=0,and (3) O(r, —r)/ 0Kk =0.

Proof. From (24) and (33), the proof is straightforward. =

An increase in K exacerbates the burden on the gross settlement and reduces
6. Consequently, the aggregate costs of the settlement increase [/, +(1—é)Y].
This cost-raising policy negatively reduces bank loan and the demand for loan
production, thereby reducing consumption. To compensate for consumption loss,
the labor supply of consumption-good production and hence, the aggregate labor
supply increase. There arise welfare costs of an increase in &k . Suppose social

welfare is defined by

W =tu(c,)+(1—7)ulc,)—v(n) . (34)

Then, from Lemma 1, the effect of an increase in k& on the social welfare of (34) is

negative:
oW , Otc ., 0(1-1)c ,, . On
—= — 4 ———<—'(n)—<0. 35
oK wic,) oK wie) oK vin) oK (35)

Proposition 3 From (30)—(32) and (35), the optimal allocation of the collateral
requirement rate and the gross settlement share is given by (k" ,0")=(2,1).
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Given (30), reducing the collateral requirement rate to the lower bound (k" =2)
is optimal for the government to improve the social welfare. The optimal rate of
collateral requirements derives the net settlement out of the payment system and
minimizes the costs of the latter. The interest rate spread remains constant from

Proposition 2.
4.1.2. Monetary-policy Effects

Now, suppose the government permanently increases g through open market
purchases under the condition of (31) holding x constant. Then, inflation arises
and distorts banking and economic activities. However, unlike collateral policy,
monetary policy results in redistribution between cash-good consumption and
credit-good consumption.

Lemma 2 From Proposition 1, the effect of u on (é,l,nf,cc,cm,n,nw) is given by (1)
00/0u=0, (2) ol/ou=0n/ou=01-7)c, /Ou>0, (3) Orc,/0u<0, (4
On/0u<0,and (5) On,/0u<0.

Proof. See Appendix E. m

Proposition 4 From (24) and (33), the effect on (1, ,r,r, —r) is given by (1) Or, /Ou
>0,(2) Or/0u>0,and (3) O(r,—r)/0u>0.

Proof. From (24) and (33), the proof is straightforward. m

Inflation decreases the value of money. The household economizes cash and
spends more on credit. Both bank loan and the demand for labor for loan
production increase. Credit-good consumption increases, but cash-good
consumption decreases. The household holds less money as a means of payment
and more money as a means of settlement. Inflation redistributes money between
cash- and credit-good consumptions. This redistributive effect is not subject to
market segmentation as in Williamson (2009), Choi (2011b, 2023a), and Breu (2013)
but is subject to the demand for liquidity in credit settlements. Finally, the supply of
labor of loan production increases, whereas the labor supply of consumption-good
production decreases. In sum, the aggregate labor supply decreases. Inflation
induces the substitution of cash for credit in goods trades and exhibits a negative
relationship between the interest-rate spread and the labor supply.

A change in g also exhibits the following two opposite effects of inflation on
social welfare: the welfare benefits of inflation from an increase in credit-good
consumption and the welfare costs of inflation from a decrease in cash-good
consumption. From Lemma 2, the effects on the social welfare of (34) depend on
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the size of redistribution:'*

=0

ow _ v'(n) {r u"(c)) _(1_7)} o(1—7)c, (36)

o 1=t ) ou
where #"(c,)<0 and ¢"(n)>0.

Proposition 5 From (25), (27), (30), (31), and (36), the optimal rate of money growth
W is determined in termsof Kk, T,and [:

] le) - a-o)p
g e{ﬂ|1f"n) C l+u-p) 7

where ¢, =(1—w)Y /K and u'(c,)=v'(n). From (24), (33), and (31), the optimal
interest rates and their spread are given by (1, ,r",r, —r")=Q(+u")/ -1, 1+
@)/ p=1, 1+ 1)/ B).

The optimal rate of money growth depends on the size of redistribution, which is
related to the fraction of cash-good consumption (7), the nominal interest rate
[1+7=(1+ )/ B], and the curvature of z(-) and ¢(-).Hence, the optimal rate is
not necessarily negative which is in line with Boel and Camera (2020). The
redistribution of money makes the household ease the distortion through credit
management against inflation. Inflation can be somewhat beneficial for those who
can substitute cash for credit. The Friedman rule is generally not optimal.

4.1.3. Optimal Policy Combination

The optimal policy mix that is given by x" =2 and g from (37) would
improve social welfare by minimizing both the cost of the gross settlement and the
opportunity cost of holding money. The optimal share of the gross settlement is one,
which drives the net settlement out of the payment system. The gross settlement is
efficient if the bank holds enough collateral. The optimal set of the interest rates is
determined solely by the optimal money growth from Proposition 5.

4.2. Binding Collateral Constraint

Suppose the collateral constraint of (11) binds. Then, the binding collateral

constraint causes scarcity in the collateral deposits for the gross settlement and

" See Appendix F for the derivation.
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distorts the loan rate and banking and economics activities.
Proposition 6 Under the condition of 2 >1, (31), and
Kke(2p,2), (38)

(é,r,‘) is determined from (22), (26), (27), and (29):

2l
Kk \1-4

I+ u
l—n, =(+rx=x| ——|. (40)
( B ]

From (23)—(27), (39), and (40) with the labor-market clearing condition, (I,n_,c

¢ ,n,mn,) isdetermined.

ms'es

c?

Proof. In a steady state, (39) is given by inserting (22) and (27) into (29). Next, (40)
is given by (22), (26), and (39). The proof of (/,n,c,,c, ,n,n,) is straightforward
from (23)-(27), (39), and (40) with n=n_+n . =

From (40), constrained collateral deposits imply that the loan rate depends on &
and g . The government can influence the interest rate spread through collateral
and monetary policies contrary to the government with the unbinding collateral
constraint. From (24) and (40), the spread is constantly positive, given that the loan
rate is greater than the deposit rate. In (39), the share of the gross settlement 0 is
positively related to the collateral requirement rate x .

4.2.1. Collateral-policy Effects

Suppose the government permanently increases k¥ holding g constant under
the condition of (38). Then, it increases the loan rate and the cost of bank loan. A

negative effect occurs on consumption.

Lemma 3 From Proposition 6, the effect of Kk on (é,l 1 C,  nym,) 15 given by (1)

sI7¢2"m?d

8@/8K>0, (2) 0l/O0k=0n/0k=0(1-1)c, /0k<0, (3) Otc,/O0x<0, (4
On/0Kx >0, and (5) On,/0k>0.

Proof. See Appendix G. m

Proposition 7 From (24) and (40), the effect on (1, ,r,r, —r) is given by (1)
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O, /0x>0,(2) Or/0x=0,and (3) O(r, —r)/0x>0.
Proof. From (24) and (40), the proof is straightforward. m

An increase in kK increases the loan rate, which exacerbates the cost of bank
l(zan. Hence, 6 increases to reduce the aggregate costs of the settlement [y, +1-
0)Y]. A greater loan rate from the tight collateral policy reduces bank loan and the
demand for labor for loan production. Consequently, consumption decreases. To
compensate for consumption loss, both the labor supply of consumption-good
production and the aggregate labor supply increase. Hence, an increase in x

deteriorates social welfare from Lemma 3 and (34):

oW , Otc ., 0(1-1)c ,, . On
- o (e ) <. 41
oK uie,) oK wle.) oK v () oK *)

Proposition 8 From (39), (38), and (41), the optimal allocation of the collateral
requirement rate and the gross settlement share is given by (k" ,07)=(2p,0) for
2B >1. From (24) and (40), the optimal interest rates and their spread are given by

(1,70, =1)= (" A+ )/ B=L,(1+p=P)/ B(c™ =11+ 1)/ p).

Given (38), the government must lower the collateral requirement rate as much
as possible, thatis, k™ =2/, to minimize the distortion arising from the loan rate.
This policy action would drive the gross settlement out of the payment system,
thereby reducing the limit of the gross settlement. The net settlement serves as an
efficient settlement system which is in line with Boel and Camera (2020). The

optimal interest rate spread is positive.

4.2.2. Monetary-policy Effects

Suppose the government permanently increases 4 through open market
purchases under the condition of (31) holding x constant. Then, the monetary
policy induces the following two opposite effects: the inflation effect and the interest
rate effect. These effects are similar to those with the unbinding collateral constraint.
Lemma 4 From Proposition 6, the effect of t on (é,l 1, CC,  nm,) 15 given by (1)
00/0u=0, (2) ol/ou=0n/0u=01-7)c, /Ou>0, (3) Orc,/0u<0, (4
On/0u<0,and (5) On,/0u<0.
Proof. See Appendix H. m

Proposition 9 From (24) and (40), the effect on (r,,r,r, —r) is given by (I)
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O, /Ou>0,(2) Or/0u>0,and (3) O(r, —r)/0u>0.
Proof. From (24) and (40), the proof is straightforward. =

Inflation induces the substitution of cash for credit in goods trades and exhibits a
negative relationship between the interest-rate spread and the labor supply. Credit-
good consumption increases, whereas cash-good consumption decreases. Bank loan
and the demand for labor for loan production increase. The household holds less
money as a means of payment and more money as a means of settlement. This
redistributive effect is similar to one with the unbinding collateral constraint. The
supply of labor of loan production increases, whereas the labor supply of
consumption-good production decreases. The aggregate labor supply decreases.
Hence, from Lemma 4, (34), and (36), the effect of inflation on welfare depends on
the size of redistribution.

Proposition 10 From (25), (27), (36), and (38), the optimal rate of money growth "
may be positive given by

- e{”lu (c)__(1-0p } )

v"(n) l+u-p

where ¢, =1+ )Y /x and u'(c.)=v'(n). From (24), (40), and (38), the interest
rates and their spread are given by (r, ,r,r, —r)=&(1+u")/ -1, A+u™)/ -1,
(k=D(A+ u™)/ B).

4.2.3. Optimal Policy Combination

The optimal policy mix given by &« =28 and x4 from (42) minimizes the
cost of the gross settlement and the opportunity cost of holding money. The optimal
share of the gross settlement is 0. The net settlement is efficient because the bank
does not hold enough collateral against it. The optimal interest rates and their
spread are generally positive.

V. Conclusion

In this paper, the bank’s function is similar to a narrow bank in that it takes a
savings deposit from the household and invests it into risk-free interest-bearing
government bonds. Additionally, no bank’s maturity risk that concerns maturity
transformation exists by matching the maturity of the deposit and the maturity of
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the bank’s investment. Therefore, this work is worth more rigorous investigation in
an extended version of the model with a set of longer-term assets, in which the
payment system may affect the term structure of interest rates. This extended model
may provide new insights into the relationship among the payment system, liquidity
premia, and the term structure of interest rates. Another interesting extension of the
model is to introduce a risky asset and explore systemic risk in netting arrangements.
If the bank can invest in riskier assets, then, the uncertainty of asset returns may
cause interest rate and systemic risk and potentially disrupt banking activity.
Intraday/overnight overdrafts can reduce the risk and the negative real effects on
household and bank portfolios.
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Appendix
A. Full-reserve/100%—reserve banking

The bank holds all savings deposits as reserves and does not pay any interest on
them. The household does not earn any interest on the savings deposit but hold the

savings account as collateral just enough to cover credit payments. That is,

H., =0 and (1+7 _)0.,L. <D

1+1 L4177 141141 1+1

problem in period ¢ from (8)—(11) with (13) is reduced to

for all z. The bank’s profit-maximization

maX[rL,HleJrl _Pzn:,t] > (43)
subject to
Lt+1 = })lf(ns,t) < Dt+1 ’ (44)

(1+7,,,)0,,L

17+ = Dt+1 N (45)
In the credit limit in (44), the bank issues a new line of credit strictly less than the
amount of savings deposits which should cover total credit payments in the payment

system from (45). In equilibrium, the bank’s profit-maximization problem in period
¢ from (43) and (44) is given by

masl, (0, B, )

The choice for 7, is given by
1
7, =
L,t+1 f/(ns t)

The payment system does not play any explicit role as a determinant of the loan rate.
Additionally, if
f(n.,)=n_, then, the loan rate is simply given by one. Collateral and monetary

The loan rate entirely depends on the decision on 7, .

policy will not have any effect on - The interest rate spread would be managed

only through the return on government nominal bonds 7.
B. Derivation of (28)

In a steady state equilibrium, the real demand for money equals aggregate labor
supply, i.e., m=n, from (5) and (6) with 7 =0. Then, from (5) and (13) with the
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money- and bonds-market clearing conditions, the consolidated liquidity-in-

advance constraint is expressed in real terms as (28).
C. Derivation of (29)

Subtract the goods-market clearing condition [7c, +(1—7)c, + 7.+ (1 —é)Y
=n,] from (28) and from (26) and (28), the following holds:

zz{lﬂuxé—[”—”j’(—gq] (46)
1+ u L)1+ u

Then, rearranging terms of (46) gives (29).

D. Proof of Lemma 1

From (27) and (32), the effect of & on (é,l,nx,c[) is determined by

ﬁ=—i<0

oK K

ﬁ:%:a(l—T)C[ :_(1+,L21)Y<0' 47)
0k Ok oK K

Then, from (25) and (47), the effecton 7 is positive:

on _|:u"(€€):|6cf S0, (48)

o | o) |ox

From the labor-market clearing condition, (47), and (48), the effect on 7, is
positive:

on, on on,

w

ok _G_K_GK

>0, (49)

From (23) and (25), the following holds:
u'(c,)=+ru'(c,). (50)

Then, from (47) and (50), the effect on ¢, is negative:
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Oc

—2 =(1+7r) ule) %
oK u"(c,) | Ok

E. Proof of Lemma 2

From (27) and (32), the effect of u# on 0 is 0. The effect on (l,n_,c) is

determined by

ol _on, _00-1)ec. _Y_

a ou ou K

Then, from (25) and (51), the effecton 7 is negative:

on _|wle) %, (52)
ou | v"(n) |ou
From the labor-market clearing condition, (51), and (52), the
On, _On_On . (53)
ou ou ou

1s negative:

Now, from (28) and (52), the effecton ¢,

otc on
2 =—x0.
ou  ou

F. Derivation of (36)
From (23), (25), (26), and (28), the effect of £ on social welfare of (34) is given by

ow Orcm y \O1=T), ., On
o =u'(c,) u'(c )—8 v'(n) o
{ (I+7) (n }[u" j +z/(n) 01-7)c,
y” aﬂ

( (n)j|:u"(c[)}a(l T)c
v"(n) ou

=M|:ru(cc) (1_1)}6(1 T)c, ’

1-7| ¢"(n) ou
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where #'(c )=(1+7r)v'(n) and

m

ore,, _ On _ u"(c) Oc,
o ou | J"(n) |ou’
G. Proof of Lemma 3

From (39), the effect of & on (é,l,n ¢ ) is determined by

s)7¢

0 _  2+mo -0

oK K2|:(1+,u)(%—%)+1]

A _on oo G (54)
ook ok k()2

Then, from (25) and (54), the effecton 7 is positive:

On _{u"(cc)}éc[ S0, (55)

5_1( B v"(n) a_K
From the labor-market clearing condition, (54), and (55), the effect

on, on on,

>0. (56)

ok Ok 0K

Then, from (50) and (55), the effect on ¢, is negative:

Cc,, () u"(c.) |Oc, <0
oK u"(c,) | Ok

H. Proof of Lemma 4

From (27) and (38), the effect of x4 on O is 0. The effect on (lyn,c,) 1s
determined by

o _on

s

_od-n)e, _Y_ (57)

a ou ou K
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Then, from (25) and (57), the effecton 7 is negative:

@:[_ﬂfﬂ}%@. (58)
ou | v"(n) |ou

From the labor-market clearing condition, (57), and (58), the effect

o, _on_0n
ou oOu ou

<0. (59)

Now, from (28) and (58), the effecton ¢, is negative:

Otc,,  On

=—x<0.
ou  ou




138 The Korean Economic Review Volume 41, Number 1, Winter 2025

References

Allsopp, P., B. Summers, and J. Veale (2009), “The Evolution of Real-time Gross
Settlement,” Financial Infrastructure Series, Payment Systems Policy and Research,

The World Bank.

Andolfatto, D., and S. D. Williamson (2015), “Scarcity of Safe Assets, Inflation, and the
Policy Trap,” Journal of Monetary Economics, 73, 70-92.

Committee on Payments and Market Infrastructure (2021), “Developments in Retail Fast
Payments and Implications for RT'GS Systems,” Bank for International Settlements.

Bech, M., C. Preisig, and K. Soramiki (2008), “Global Trends in Large-value Payments,”
FRBNY Economic Policy Review, Federal Reserve Bank of Ney York, September, 59—
81.

Bech, M., Y. Shimizu, and P. Wong (2017), “The Quest for Speed in Payments,” BIS
Quarterly Review, Bank for International Settlements, March, 57-68.

Becivenga, V., and G. Camera (2011), “Banking in a Matching Model of Money and
Capital,” Journal of Money, Credit, and Banking, 43, 449-476.

Berentsen, A., G. Camera, and C. Waller (2007), “Money, Credit, and Banking,” Journal of
Economic Theory, 135, 171-195.

Bianchi, J., and S. Bigio (2022), “Banks, Liquidity Management and Monetary Policy,”
Econometrica, 90, 391-454.

Bigio, S. (2023), “A Theory of Payments-chain Crises,” Working Paper 30859, NBER
Working Paper Series.

Boel, P., and G. Camera (2020), “Monetary Equilibrium and the Cost of Banking Activity,”
Journal of Money, Credit, and Banking, 52, 653—683.

Breu, M. (2013), “The Welfare Effect of Access to Credit,” Economic Inquiry, 51, 235-247.

Callado-Muifoz, F. (2007), “The Use of Collateral in Gross and Net Payment Systems,” The
European Journal of Finance, 459—481.

(2013), “Intrda Liquidity and Central Bank Credit in Gross Pyament
Systems,” International Finance, 363—392.

Chiu, J.,, and C. Meh (2011), “Financial Intermediation, Liquidity, and Inflation,”
Macroeconomic Dynamics, 15, 83—118.

Choi, H. (2011b), “Money, Credit, and Limited Participation,” Macroeconomic Dynamics, 15,
616-655.

(2018), “Inflation Risk, Settlement Cycles, and Monetary Policy,” The Korean
Economic Review, 34, 267-282.

(2023a), “Money, Payments Systems, Limited Participation, and Central Banking,”
North American Journal of Economics and Finance, 64, 101874.

(2023b), “Payment Systems, Multiple Types of Collateral, Banking, and Collateral
Policy,” The Korean Economic Review, 39, 469-493.

Diamond, D., and P. Dybvig (1983), “Bank Runs, Deposit Insurance, and Liquidity,”
Journal of Political Economy, 91, 401-419.

Freeman, S. (1996), “The Payments System, Liquidity, and Rediscounting,” American



Hyung Sun Choi: Banking, Costly Credit, and Interest Rates with Limited Commitment 139

Economic Review, 86, 1126—1138.

Freeman, S. (1999), “Rediscounting Under Aggregate Risk,” Journal of Monetary Economics,
43, 197-216.

Jurgilas, M., and A. Martin (2010), “Liquidity-saving Mechanisms in Collateral-based
RTGS Payment Systems,” Federal Reserve Bank of New York Staff Reports, No.438,
Federal Reserve Bank of New York.

Kahn, C. M. (2013), “Private Payment Systems, Collateral, and Interest Rates,” Annals of
Finance, 9, 83—114.

Kahn, C. M., J. McAndrews, and W. Roberds (2003), “Settlement Risk Under Gross and Net
Settlement,” Journal of Money, Credit and Banking, 35, 591-608.

Kahn, C. M., and W. Roberds (1998), “Payment System Settlement and Bank Incentives,”
Review of Financial Studies, 11, 845-870.

(2001), “Real-time Gross Settlement and the Cost of
Immediacy,” Journal of Monetary Economics, 47,299-319.

Kahn, C. M. and W. Roberds (2009), “Payments Settlement: Tiering in Private and Public
Systems,” Journal of Money, Credit, and Banking, 41, 855-884.

Koeppl, T., C. Monnet, and T. Temzelides (2008), “A Dynamic Model of Settlement,”
Journal of Economic Theory, 142, 233-246.

Lester, B. (2009), “Settlement Systems,” The B.E. Journal of Macroeconomics, 9, Article 17.

Lotz, S., and C. Zhang (2016), “Money and Credit as Means of Payment: A New Monetarist
Approach,” Journal of Economic Theory, 164, 68—100.

Nosal, E., and G. Rocheteau (2006), “Economics of Payments,” Policy Discussion Paper,
No.14, Federal Reserve Bank of Cleveland.

Tomura, H. (2018), “Payment Instruments and Collateral in the Interbank Payment
System,” Journal of Economic Theory, 178, 82—104.

Williamson, S. D. (2003), “Payments Systems and Monetary Policy,” Journal of Monetary
Economics, 50, 475-495.

(2009), “Transactions, Credit, and Central Banking in a Model of
Segmented Markets,” Review of Economic Dynamics, 12, 344-362.

(2012), “Liquidity, Financial Intermediation, and Monetary Policy in a
New Monetarist Model,” American Economic Review, 102, 2570-2605.

(2016), “Scarece Collateral, the Term Premium, and Quantitative Easing,”
Journal of Economic Theory, 164, 136-165.



k<)

14, A%, L2jaL oAk

o

T

The Korean Economic Review Volume 41, Number 1, Winter 2025

FollA 2]

ale] Aofs

]
4

I

)
“

o
IT

140

oH ol

gk
L
g

O
] %Wﬂ To TO N5 TO
o CEP Y2
“ R
T R
Q5 Y
Wiwl%cﬂfd
™
R =
JHHﬂJHEOAﬁQ
N T .o X
oo B KR
o] o] = o & -
Ll\._v‘Nul‘&.E ol
= X go == ofy Ml =
N~ Moy ) o0
%wﬂn%é | )
wo o T i
ME m
S S
&o%ﬂﬂﬂmﬂﬂf e
<) o ™ o ol
<o <
P ol o hi]
o N F S £
R0y o L W &
T N i
o WX R =3
ol o o N ) 2l
o BLol 2 e o '
iLﬂwﬁ. ﬂooio ol
Hlop % 0 % X &
B RrT e W
[=)
ur ﬁ
il

ES

=
ol

S YL 2024. 9. 6.

5

=

k=1

A

341 Steve Williamson 5, Gabriele Camera 1

At 2024.6. 1.

|

(o)
=

g

AN
T

A
cERtEL O

E42,E44,E50
=

==0
T

[L5

H

=
T~
L

2]

s
8ty A8} W9, e—mail: hyungsunchoi@khu.ac.kr

9]

]

o] k=,

RS

At 2023. 12. 29.

L

=
=

J_]_O
*

E
-



