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Central Bank Digital Currency, Real Effect and
Welfare

This article complements a standard New Keynesian dynamic stochastic general
equilibrium (DSGE) model with central bank digital currency (CBDC) in which pri-
vate banks issue two types of deposit: debit and (interest-bearing) deposit. These two
instruments are used as liquidity and an asset to households, respectively. Our setup
makes clear that CBDC directly competes with traditional money: physical cash and
debit, but indirectly with deposit. Introduction of CBDC can have a significant ef-
fect on the optimal debit balance in equilibrium. The magnitude and direction in
changes in households’ debit holding critically hinge on the households’ preference
for holding CBDC, elasticity of substitutions among cash, debit and CBDC, the po-
tentially non-zero CBDC interest rate, and the optimal response of banks. However,
the interest-bearing deposit moves in the opposite direction, offsetting the changes
in debit, thus the total bank liabilities and loan are barely affected in the economy
with CBDC. This implies that the efficacy of CBDC on output and welfare, if any,
is quantitatively only marginal, relative to the findings in the previous studies with

only one type of deposit.

Keywords: Central Bank Digital Currency, Welfare

JEL Classification: C32; E43; E52
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[. Introduction

There has been a growing body of studies aiming at introducing and analyzing
central bank digital currency (CBDC). While the literature is yet to grow, it seems
that there has been no consensus on the consequences that CBDC will bring into
the reality. From a macroeconomic perspective, important issues include 1) would
CBDC be irrelevant or neutral for the economy? 2) if not, what are the central
arguments about positive or negative effects of CBDC on the real economy or
welfare, 3) what does CBDC compete with? This article attempts to answer the
third question, which we believe has been less clearly investigated and is the key

to understanding the non-equivocal answers to the first two questions.

Keister and Sanches (2021) effectively demonstrate, using a model built upon
the Lagos and Wright (2005), that CBDC would be by and large immaterial.
Brunnermeier and Niepelt (2019) derive the conditions under which CBDC is
irrelevant. Barontini and Holden (2019) and Auer et al. (2021) are those who em-
phasize that the credit channel and interest rate channel of private banks are
adversely affected as their deposits and loans must compete with CBDC, thus
CBDC may lead to a fall in output. On the other hand, introduction of CBDC
induces competitiveness in the banking sector and expanding bank intermedia-
tion, thereby increasing output on various grounds. Andolfatto (2021), Barrdear
and Kumbhof (2021), Williamson (2022), Chiu et al. (2023) and Burlon et al. (2022)

belong to this line of research.

There are several important factors responsible for these heterogeneous results
for the efficacy of CBDC: competitiveness in loan and /or deposit markets, various
frictions such as regulations on reserve and capital requirements for banks, bor-
rowing constraints for households, definition of liquidity service, monetary policy
with respect to CBDC as well as the primary interest rate, and fiscal policy

among others.!)

1) Banks’ exogenous cost structure associated with loans and deposits are also important in some
studies, but we abstract from these management cost approach accounting for the effect of
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In this article, we pay more attention to exactly what sort of liquidity or asset
CBDC competes with. Many of the aforementioned studies assume that banks
issue a single type of — interest-bearing — deposit, and the bank deposit provides
the liquidity services just like the real money balance in the utility (See, for in-
stance, Burlon et al. (2022)), or it is treated as an asset for households. While
there exists a variety of deposits possessing these two characteristics with differ-
ent weights in reality, two types of deposit are explicitly considered in this study:
non-interest-bearing demand deposit and interest bearing time and savings de-
posit. For brevity, these two types of bank deposit will be dubbed “debit” or
“checking account”, and “deposit”, respectively in what follows.?) From this dis-
tinction, it is now evident that physical cash, debit and CBDC can be exchanged
at par. That is, CBDC is directly competing with traditional money, cash and
debit, but indirectly with deposit, just like any other asset. However, this does
not imply that the three types of “money” or liquidity are perfect substitutes.
While the frictionless exchangeability of these three instruments comes from the
supply side of liquidity, households do treat these three instruments as imperfect

substitutes on various grounds: convenience, safety, anonymity, etc.

Our setup makes clear the roles of debit and deposit for the transmission of
CBDC into the economy. Introduction of CBDC directly leads to a significant
change in households’ demand for debit balance. The first effect may be termed
as a composition effect in liquidity: as long as households are willing to hold
CBDC - because it is a new instrument providing liquidity services —, the pref-
erence or relative weights of holding traditional money will obviously decrease,
which implies an exogenous fall in debit balance for banks. Second, for a given
weight of households’ holding CBDC, an increase in the CBDC interest rate, a
potentially new and powerful monetary policy, would force banks to re-optimize

the interest rates on debit, deposit and loan. In this case, the debit balance can

CBDC in this study.

2) Check or checkable accounts actually do pay but low interest, bank also charge a sort of fee
in some cases. But what matters is that these types of demand deposit can be used as a
transaction purpose without any restriction just like physical cash. For this reason, we assume
that debit does not pay interest, although we allow it to be positive when CBDC is introduced.



BOK Working Paper No. 2024-6

actually increase. However, there is a strong general equilibrium effect from the
households: when there is a change in debit balance, the deposit moves in the op-
posite direction, rather than adjusting consumption and leisure (labor supply),
so that the total liability of banks does not vary too much. This is important be-
cause the loan, capital and output will not be changed dramatically. The change
in the composition on debit and deposit does affect the reserve holding, but it

would not matter quantitatively.

The main result of this paper is that introduction of CBDC would have real ef-
fects on the economy and consequently households’ welfare, but the effects would
be only marginal. Central to our results is the distinction of banks’ liability net of
banks’ capital into two: debit as a liquidity providing instrument and deposit as
an asset. Most existing studies claiming a sizable efficacy of CBDC does not dis-
tinguish these two types of banks’ liability. For example, if the liability — again
abstracting from banks’ capital —consists of a single (interest-bearing) deposit,
the macroeconomic effects of CBDC would be directional: either increasing or
decreasing deposit. Henceforth, the implications for the economy and households’
welfare would be much bigger than ours. Another important result is that the
introduction of CBDC does not directly improve competitiveness of the banking

industry for two reasons, contrary to a common argument supportive of CBDC.

Many existing studies do not distinguish these two types of deposit. One ex-
ception is Chiu et al. (2023), although the criterion distinguishing banks’ deposit
is not exactly the same as ours. In their model, checkable deposit and time deposit
are explicitly considered and CBDC directly competes with checkable deposit.
But it is difficult to compare the specification of the model and the results with
those of Chiu et al. (2023) on the same ground. The most important distinction
is that the substitution between CBDC and checkable deposit are imperfect in
our model whereas they are perfect in Chiu et al. (2023). Second, the checkable
deposit is basically interest-bearing as well as the time deposit. In our case, we
distinguish deposit as the one that does not pay interest (debit) and pay interest
(deposit: savings and time deposit) prior to the introduction of CBDC. Third, the

modeling approach follows a standard DSGE model with a banking sector a la
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Gerali et al. (2010) and Ulate (2021) whereas it is based on the New-monetarist
approach in Lagos and Wright (2005).

The main results turn out to be robust against different specifications and
different parameter values. In some studies, fiscal policy is found to be one of
the main factors amplifying the effect of CBDC. For instance, while the seignior-
age revenue is pretty much marginal in the absence of CBDC, it can be sizable
when CBDC balance is several times higher than the physical cash amount is-
sued. Indeed, one of the most important arguments of Burlon et al. (2022) is that
the optimal level of CBDC issuance can be over 50% of the nominal GDP. If
this additional seigniorage revenue is used to finance government spending, the
output may increase. To this end, two different types of fiscal policies are exam-
ined in order to examine whether the main result of this paper comes from a
particular type of fiscal policy: endogenous fiscal policy as just described above
and exogenous fiscal policy in which government spending is simply assumed
to be proportional to output. Also lump sum tax or distortionary tax schemes
are examined. It turns out that the impact of CBDC introduction is basically
irrelevant of the tax policy specification. Practically speaking, it is questionable
that such a sizable seigniorage revenue automatically belongs to an important
source of Government financing. Moreover, the optimal level of CBDC holding
can increase as a consequence of CBDC policy, but the real cash balance can
absorb such an effect in our model, therefore, the fiscal role in accounting for the
efficacy of CBDC is very limited.

This paper proceeds as follows. Section 2 presents a full-fledged DSGE model
with the central bank digital currency, which accommodates several specifications
adopted by recent related studies that have drawn attention in the literature.
In Section 3, the equilibrium is fully characterized and the two types of welfare
measures are discussed. A detailed calibration procedure is explained in Section 4.
Section 5 presents the main results of this paper as well as a robustness analysis.

Section 6 concludes.
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II. The CBDC Model

We formally present our baseline model in this section, with a special emphasis
on defining households’ liquidity, a banking section with a distinction of two
different deposits. The remaining sectors of the model are based on a canonical

New-Keynesian framework.

1. Households

A standard money-in-the-utility (MIU) approach is extended to a “liquidity-
in-the-utility ”(LIU) specification. Liquidity service at time ¢, denoted by X, is
provided by the three instruments: a physical cash (currency) (M;), a private
debit (or checking) account (CH;) balance and a CBDC account balance (H;). A
representative household chooses her consumption (C;), labor supply (N;) and the

level of liquidity to maximize

1+nN

A 1-o0
(G-vCy) -1 N,
_¢t1+71N +&InX; 0

l1-o

Et Z ﬁs—t

s=t

where B is the time discount factor, o is the inverse of the elasticity of substi-
tution, n" is the inverse of the Frisch elasticity. C,_; is the level of habit formed
at time -1 and b is the degree of habit dependence.3) ¢ and & are respectively
the preference shocks associated with labor supply and liquidity. In the absence
of the banking sector and CBDC, the MIU specification is obtained as a special
case as X; is simply the real cash balance. In our setup, the debit account and
the CBDC balance play central roles in addition to the physical money balance.
Specifically X; is given by:

e-1

m Bl el el\ET
X =\a/'m?* +a;"ch,* +a'h,*® . (2)

3) The habit formation is referred to as internal if C,_; = C,_;, but it is external if €,_; is the
average level of consumption at time -1 ex-post. We have considered both specifications and
find that the results are not sensitive. To this end, we assume a external specification.



‘ Central Bank Digital Currency, Real Effect and Welfare n

where my, ch; and h; are the real cash , debit account and CBDC holding, i.e.,
M, /P, CH, /P, and H;/P, where P, is the price level. The subjective preferences on
each type of money are the relative weights denoted by a}", afh and af’, the sum

of which is unity.

The budget constraint faced by the household is in real terms given by:

CH RH
C[+(m[+ch[+h[) +d[ = W[N[‘f‘ —Mmy_1 + =1 Cht_] + =1 h[_l (3)
1+m 1+m 1+m
RD
el dt—l +n’[T_Tt
1+m
= (1-o)nf+x" 4)

where w; is the real wage per each unit of labor supply (in hours), d; is the
(interest-bearing) deposit at the private banks. In this paper, deposit will be in-
terchangeably referred to as savings account by abuse of terminology. T; is the
real tax and 7] is the total profits transferred from the monopolistically com-
petitive banks and the final goods producers. A fraction of the bank profit @x®
will be retained by the banks and added to the bank capital. R°H, RP , and Rf)_ 1

=10 f4-
are the gross nominal interest rate on the debit, CBDC and deposit, respectively.

One of the key differences from the literature is that only debit account bal-
ance provides the liquidity service just like real cash. Changes in the CBDC
holding or the CBDC interest rate lead to a sizable change in the optimal hold-
ing of debit account balance. This change is, however, almost offset by change in
optimal deposit holding. Hence, there is only a composition effect on banks’ lia-
bilities, which does induce banks to adjust the deposit interest rate and reserve
holding. However, the total loan size is barely adjusted. In contrast, deposit is
in the utility function of the households in Burlon et al. (2022). Therefore, any
change in deposit caused by CBDC is transferred to change in loan, which im-
plies a nontrivial change in capital, thereby output. Theoretically, however, it is
reasonable to include liquidity services facilitating transactions in the household

utility, rather than asset like deposit, which may exaggerate the real impact of
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the CBDC.

2. Banks

It is assumed that there exists a continuum of private banks of which measure
is assumed to be unity. A private bank is assumed to be subject to monopolistic
competition in two segmented deposit(savings) and loan markets. In the absence
of CBDC, private banks are assumed to pay no interest for debit account hold-
ers. When the CBDC is introduced by the central bank, however, they make a
decision on the debit interest rate after observing the CBDC interest rate, which
is exogenous to banks. If the debit account and the CBDC account are perfect
substitutes, the debit interest rate should equal the CBDC rate. But they are
imperfect substitutes to households in our model as the elasticity of substitution
€ is finite. To this end, we postulate a pricing rule for the debit interest rate
proportional — but not necessarily one-to-one — to the CBDC rate. We will be

more specific on this issue below.

We closely follow the modern specification of monopolistically competitive
banks developed by Ulate (2021) and Gerali et al. (2010). Both consider segmented
markets for deposit and loan and introduce a management cost for maintaining
the deposit and loan accounts. While these cost structures are important source

in their studies, they are not integral parts in our study as we demonstrate.

A banking sector is assumed to be populated by a continuum of banks which
are subject to monopolistic competition in the deposit and loan markets. For a
bank j, Lj;, RS;;, CHj;,Dj;, ¥;; are respectively loan, reserve, debit account,
deposit and the bank capital at time ¢. These variables in the absence of j rep-
resent the aggregate counterparts as the measure of banks are assumed to be 1.

The bank j’s balance sheet is then given by:

LjJ +RSj7t = CHjJ +Dj7t +1Pj1,. (5)
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Using this balance sheet identity, it can be shown that the bank profit at the

beginning of time ¢+ 1 is given by

n’,., = R, Lj+RS;,—RS/CH;,-R?D;,-¥;, (6)
+(R = 1) (RS, - 6""CH;},) &},

L
where Rj.,z+1>

deposit interest rates.

RJC{{ and R?t are respectively the gross nominal loan, debit and
0! is the required reserve ratio that bank must abide by,
and E;; is the cost function. Notice that the loan rate is stochastic at time ¢ as it
will be realized at time ¢+ 1, which will be explained below. Note also that from
Equation (6), it is evident that the bank will have additional revenue as long
as it holds more than the required reserve. For ease of exposition, it is assumed
that the reserve requirement is imposed only on the debit account, although it is
straightforward to extend the requirement to the case of deposit. The bank cost
function is given by
- L D Ljs Dj,
= (# Lji+u D'j’t)+(gL(lP_jJ) +gD(\P_j,,))‘Pj’l+((l o) (1+my) - 1)),
)
which includes three types of costs. First, it includes fixed costs associated with
managing the loan and deposit accounts, denoted by u’ and uP, respectively.
Second, variable costs g; and gp are associated with loan and deposit are present.
The specific functional forms of these costs follow those of Gerali et al. (2010)
and will be shown later. Finally, we augment the additional cost of managing
the bank capital, following Ulate (2021), which helps simplify the algebra. As
mentioned above, the main results of the present paper are almost invariant to
this cost function, thereby, a concrete specification of the components of the cost

function will be provided later.

A bank capital dynamics is assumed to be exogenous consisting of two parts,
and the specification of which follows that of Ulate (2021). First, there exists a
fixed fraction of bank capital management cost, . Second, a constant fraction
@ of the bank profit is payed to the households as dividend and the remaining
profit belongs to the bank capital. Specifically, the bank capital evolves in the
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following way.

VR v, I8
Jit+1 _ (l_g)_j,t_'_w Jit+1 (8)
Pt+1 Pt Pt+1

Taking as given the total market loan, deposit L;, D;, and the bank capital
Y, ;, the central bank interest rate R; and the reserve requirement for the debit
balance 7, the representative bank j decides the optimal interest rates for loan,
deposit accounts and the level of reserve. Specifically, the bank maximizes the

present value of current and future profits

(e o)
B
max E; ZAt,t+s+1Hj7t+s+l

. L pD
RS;;.RE R (20

subject to the balance sheet identity (5), capital dynamics (8) and the demand

for loan and deposit given by.

RE\F
Li; = (—”) Ly, el >1

D
R2\™*
Dj,l = (_ﬁ) Dl‘v 8D<—1

where RF and RP are the market loan and deposit rates, A, ;= B/ Ul[;gj is the
stochastic discount factor between time ¢ and ¢+ j, and Ug, is the marginal utility
of consumption at time 7. € and € are the elasticity of substitution across the
banks. Note that the former is positive while the latter is negative. This is because
each bank j follows a markup pricing for the loan market and a markdown pricing

for the deposit market.

3. Firms

There are four types of firms in addition to the banking sector. In the absence
of the banking sector, a canonical New-Keynesian model is sufficiently charac-
terized by two types of firms producing intermediate goods and final goods.

When the banking sector is introduced in the model, it is necessary to intro-
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duce agents transforming bank loan into physical capital, and supplying capital
to intermediate goods producing firms. These two types of agents are referred
to as entrepreneurs and capital producing firms, respectively in what follows.
The role of these firms are, however, just limited to complete the general equilib-
rium model for convenience. Many different types of modeling strategy can also
be considered, without altering the main finding of this study. To this end, we

minimize the description of the firm structure to save space.

3.1. Entrepreneurs

Entrepreneurs (ENT) — assumed to be perfectly competitive — interact with
banks, capital goods producers and intermediate goods producers. The main job
of entrepreneurs is to transform the bank loan into the physical capital. Specifi-
cally, entrepreneurs borrow funds from banks L,_; at the end of t—1, and purchase

physical capital at the price of Qf_ | such that:
LI*I = QtK_th (9)

They rent K; to intermediate goods producers at the beginning of the period
and receive the rental revenue RXK, as well as the value of effective capital after
depreciation at the price of QK at the end of the period. The total market value
of capital at the end of period ¢ for the entrepreneurs is given by R,KKt + QtK (1-
d)u,K;, which is sold back to the capital goods producers. Therefore, the total

nominal profit for entrepreneurs is given by
Y = REK + OF (1= 8)urK: ~ (1+17) OF 1 Kr.

The assumption of perfect competition ensures that

L R5+Q{<”t(1—5)

1+it = (10)
t of,

This implies that in conjunction with the zero profit assumption for entrepreneurs,

the banks bear all of the uncertainty arising from these two factors. This speci-
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fication is proposed by Gertler and Karadi (2011) and extended by Ulate (2021).

3.2. Capital Goods Producers

Capital goods producers (CGP) decide the level of investment at the end of
the period ¢ as follows.
Kt+l =(1—6)Mth+It (11)

When the level of investment differs from that in the previous period, they need
to pay the investment adjustment cost S; =S (IIIT[]) per unit of investment, which
is standard. Since the price of the capital (installed or new) is Qf while the price

of investment good is P, the total profit for capital goods producers is given by
HICGP = Q;K (Kt+1 - (1 - 5)14th) - Bl - PS:1;.
They maximize the present value of current and expected profits

(o)

C

E; ZAt,t+jH[+j
=0

subject to (11) and the adjustment cost. The equilibrium condition for capital

goods producing firms is given by

I Li1\?
qf=(1+st+s,’(—’ ))—E, [At,,ﬂst’ﬂ(—’”) ] (12)
I I

where g = Of/P.

3.3. Intermediate Goods Producer

There exists a unit mass of continuum of intermediate goods producing firms
(IGP) indexed by je€[0,1]. Each firm j rent capital K;(j) from entrepreneurs at
the beginning of the period # and pays RX at the end of period, and hire labor



‘ Central Bank Digital Currency, Real Effect and Welfare

N;(j) at the nominal wage W; to produce good Y;(j) to maximize its profit

7 (j) = B(J) [ K ()] (AN (7)) ™% = (Wi, () + REK: ()

where P,(j), W; and RK are the price of good Y;(jj), nominal wage and capital
rental rate. A; is the aggregate labor productivity shock and u; is the exoge-
nously determined quality of capital. It is assumed that each firm faces perfect
competition, thus the profit IT/°P(j) will be zero ex-post.

3.4. Final Good producers

Final goods producers (FGP) use a variety of intermediate goods and produce

differentiated retail goods. The production function is given by:

n=[[01Y(j)"5'dj]91

where the demand for intermediate good j is given by

. -0
B(J)) Y,

4

n(j)=(

0 is the elasticity of substitution across differentiated intermediate goods. It is
assumed that FGPs operate under monopolistic competition and face a Calvo
problem. Specifically, each FGP has a chance to set its optimal price B* with
probability 1-® to maximize the expected present value of current and future
profits (Hfﬂ, s>0):

UCI+s i

. NEEO\
UC, P[+s (P[ _Pt+s((]))(—) Yt+s-

Ets;)(wﬁ y Pras

Since every FGP is identical ex-post, the price level is defined as

1

Pt=[folp(j)1“’dj]w,



BOK Working Paper No. 2024-6

where

*(1-0)

P =(1-0)F"" v 0P

4. Central bank, Government and the Resource Constraint
4.1. Monetary Policy

Central bank is assumed to follow a standard monetary policy by setting the

target policy rate R, a la standard Taylor type rule:

exp(gf), (13)

R (Rz—l )PR( 1+ )an(l—PR) (YI)V’y(IPR)

R R 1+7m* Y

where m* is the target inflation rate, Ris the steady state target policy rate and stR
is the monetary policy shock. As usual, p® is the parameter reflecting the interest
rate smoothing behavior of the central bank. In the presence of the CBDC, central
bank has an additional policy instrument: the CBDC interest rate, R7. There is
literally no reference with respect to the “relevant specification” for the CBDC
rate. On the one hand, it is possible to set R{i in line with, or subordinate to the
major policy R;. On the other hand, it could be a completely independent policy
instrument. In order to highlight the role of CBDC rate as a new monetary policy

guide, we simply postulate it as an exogenous process as follows:
R =R exp(n/"), (14)

where R is the steady state CBDC rate and n# is the CBDC policy shock.

4.2. Fiscal Policy

Two types of fiscal policy have been used in the CBDC-related literature.
One strand such as Burlon et al. (2022) considers the seigniorage revenue as an
additional source for fiscal policy while the other simply adopts an exogenous
and independent fiscal policy. In this article, we consider both and quantify the

effects of fiscal policy using both approaches.
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In this model with the banking sector and the CBDC, the seigniorage — in

nominal term — is given by

SNt = (Mt _Mt—] ) + (Ht —RﬁlHt_])

In addition to this seigniorage, the reserve banking system implies that there
are additional revenue RS; —RS;_i, but there will be a cost R; per each unit of
extra reserve if the private banks hold reserve more than the required level. For
simplicity, banks are obliged to hold reserve requirement only for debit account
such that RS, > 0“CH, where 6 is the reserve requirement ratio for the debit
account. These revenues — associated with issuing monetary base and the CBDC,
and the reserve banking system — are the additional source financing the con-
solidated government spending in addition to the tax revenue. In real term, the

government budget constraint (GBC) can be written as:

_ R_1-1
-1 —( nd )(rs,_l—GCHch,_l). (15)

G, =T; +sn; +rs; —
1+ 1+m

First, the fiscal policy is referred to as endogenous when the government expen-
diture is determined by this GBC for a given tax policy. Second, the fiscal policy
is called exogenous if it is conducted irrespective of the GBC. For a clear compar-
ison, the government expenditure is assumed to be a simple exogenous process
such that

G = GyY,exp(n”) (16)

where Gy is the fraction of the government expenditure relative to the real GDP
in steady state, and n,G is an exogenous government expenditure process. For the

tax policy, we consider two types of policy such that

T, ™wN; +trrl, (7)

T, = TyYexp(n). (18)

The first one levies taxes on the labor income and dividend or profit of the mo-

nopolistic entities 7r,T — final goods producers and private banks. The respective
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tax rate is given by 7" and 7. The second policy is simply exogenous, Ty is the
ratio of the total tax revenue relative to the real GDP and 1/ is the exogenous

tax policy shock.

Finally, the resource constraint for this economy contains social costs.

RY, = PC, + PG, + PI; + P.S;I, + Ad jC?

where Ad jCB represents the exogenous adjustment cost in the banking sector and
S; is the investment adjustment cost in the capital goods producers. It is shown

that the bank adjustment cost is given by:

AdjCP = (W Ly +uPDy1) + (S +8Ls—1 + 8CH -1 + 8D s—1) Wimi

III. The Equilibrium

In this section, we first summarize the set of the equilibrium conditions for
the model, followed by the baseline calibration specifications including the steady

state values of the variables and the parameter values.

1. The Equilibrium Conditions

For an expositional purpose, we present the equilibrium conditions sector by

sector as follows.

A.Households A representative household determines consumption, labor supply,

demand for real money, CBDC and debit balances. These optimality conditions
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are given by:

U, = (C-bC1)° (19a)
Ue, = E[ﬁU R ] (19b)
@ 1 Ct+11+7rt+l
1 N
W, = (I_TW)@N," Uz (190)
-1
4 (RP-1 _
m = gtq>,1( fRD ) ug! (19d)
t
h pD &
al R7-1
ht = + __r ny (].9@)
(a?’(RP—Rf’))
a"  RP-1
chy = |+t~ m, (199)
’ (a;" (R?—R?H)) '

where Ug, is the marginal utility of consumption and

€ —-(e-1) £ —(e-1)
o |1, (") (R-R" NEAWLRLA
' an RP—1 a") \'RP-1 '

Notice that it is the deposit interest rate that governs consumption Euler equa-

tion. The demand for CBDC and debit accounts can then be written in terms
of the real money demand. However, the real money balance, debit, CBDC and
deposit are all mutually dependent of their respective interest rates, and house-
holds do hold all three instruments generating liquidity services even when the

interest rates are not equal. That is, they are imperfect substitutes.

B. The Banking Sector A monopolistic bank sets the deposit, loan and debit

account interest rates as follows

D
D _ € D d;
R = el (R,—‘u _82)(%)) (20)
L el L, ok
EIRH.] = 811—_1 Rt+‘u, +gL E (21)

REH = 14+AH(RT-1), (22)
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where the variable cost functions for deposit and loan management are given by

gi(x) =k'Vix(Inx-Inv' - 1) + ' (v")2 (23)

where i =D, L. This cost function has the following properties. Let v? and v* be

the steady state ratio of deposit and loan to bank capital, d;/y; and [;/y;. Then
gi(x) ~ (x=vH)2.

It is important to note that whereas €& >0, e” < 0. Therefore, the deposit rate
raises less than the policy rate, which can be interpreted as a markdown pricing.
In contrast, the coefficient of the policy rate in the loan rate equation is greater
than unity. Note also that the bank sets the expected loan rate rather than the

current rate. Ulate (2021) justifies this sort of specification.

In the absence of CBDC, the debit interest rate is zero and it would be so even
in the presence of the CBDC if the CBDC rate is zero. However, when the central
bank pays interest income on holding CBDC account, the private banks need
to compete with the CBDC account, regardless of whether the CBDC account
is opened at the central bank or the management of which is delegated to the
private banks. A measures the sensitivity of the debit rate to the CBDC rate. A#
will be higher, the more sensitive households are to the CBDC rate. In contrast,
if households concern more about privacy, they may well have an incentive not
to switch from the private debit account to the CBDC account even when the

deposit is fully insured in the CBDC account holding.

The remaining equilibrium conditions are the bank balance sheet identity,
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exogenous reserve process, bank capital dynamics and the bank profit:

li+rsy = chi+di+y; (24)
rs, = rsexp(n;*) (25)
v = (1-9)y- +on’ (26)
B _ Loy b1 ”Stl CH ,  CH , nCH chi_y
= (Rt —u )1 1+ (R 1 tu+6 (Rt 1_1)) e (27

t

_(pD Dy -1 li-1 di- Vi-1
R e Ea A b AL WH +(1-)(wm) 7

C. Firms The equilibrium conditions for entrepreneurs are just (9) and (10) in

real terms.

L = Q{(Kt+1 (28)
RZL — rtK+thul(1 _6) (29)
K
1+m qr

where ¢& = QX/P, is the real capital price at time t and rX = RK/P, is the real
capital rental price. The quality of the capital is assumed to be an exogenous

persistently evolving process.

U = ul,_ 1exp(e,) (30)

The investment process and the capital price are given by:

Kl+1 = (1 —5)uth+It (31)

gk (1+5,+5 ( i )) E, [A,,HSHI(I’I:‘) ] (32)

In the absence of the investment adjustment cost, the capital price collapses to
1.
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Intermediate goods, labor demand and the real capital rental rate are given
by:

v" o= x(wk)® (AN (33)
pr Y u K, \®
= L (l-a)+=p"(1-« ( )A 34
wr E( )Nz P ( )X an) A (34)
pmoym u K, \*!
K t t m 1y
= Lot =pg 35
s P %k )2 X(Ath) Uy (35)

The new Keynesian Phillips curve can be expressed as a set of the optimality

condition for the final goods producers as follows:

P* 1—9 1—9
- aeo(5) e( L) 30
( w)(P, @ 1+m (362)
0G! = (6-1)G? (36b)
| P AR
G = UCt(?t)Yt+a)[3Et(1+n_t+l) G, (36¢)
G? U (Pf*)y oBE ! _1( ! )19G2 (36d)
= —_— + —_— _—
C R R R ) \em) T
ym o= O, (36¢)
1 -0 p* -0
P _ 14 1- jull 2
¢ - ofil) oo (%)

The profit of these final goods producers is given by ©t/ = (1 - p/¢P)Y;.

D. Monetary and Fiscal Policies For simplicity of exposition, the two monetary

policy rules are reiterated as:

R R R
R R\ (147 \V=(1-P7) 1y \w(1-p")
k- Un) () (F) e e
R = Rexp(n/) (38)

where gR is independent and identically distributed. The endogenous fiscal policy
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in real terms is expressed as

_ R._1-1

G = Ti+sn+rs;— il —( i1 )(rs,_l—GCHch,_l) (39)
1+ m 1+m

T, = twN+t'n’ (40)

The exogenous fiscal policy is again repeated for ease of exposition:

G, GyYexp(n®) (41)

TyY,exp(n/) (42)

T

To make the size of government spending and tax revenue equal across the two
different fiscal policies, we will calibrate ¥, ¥, Gy and Ty so that the government
expenditure (tax) in the steady state is the same across the two policies. Finally,

the resource constraint in real term is written as:

Yl = C,+G[+],+S,],+adj, (43)
. -1 p di-1 V-1
dj; = (uF——+ +(C+8ri—1+8Ds-
adj, = (u Tom 1+7tz) (G+8Li-1+8Dy 1)1+ t

E. Exogenous Variables and Shock Processes The model is closed by specifying

the exogenous variables and the shock processes.

A = Aexp(n?) (44a)
o = ovexp(n) (44b)
& = Exexp(n) (44c)
af = d'exp(n;) (44d)
am = a®exp(n) (44e)

a" = 1-d'-a" (44f)
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The shock processes are all assumed to be autoregressive of order one such that
ni=p'n_ +g (45)

where each innovation € is assumed to be independent and identically distributed
fori=A,X,h,H,¢.

2. Welfare

Another important goal of this study to quantify the potential change in
households’ welfare when the CBDC is introduced. Central to the analysis is the
relevant choice of stochastic discount factor in steady state. To see this, recall
that a standard approach of measuring welfare is to evaluate the objective of
households in steady state, which is sensitive to the discount factor. Given that
our model abstracts from economic growth, the discount factor is simply given
be the time discount factor. To correctly measure welfare in reality, the relevant
discount factor is B/(1+g) where g is the growth rate of consumption, thus output
in steady state, as we use the log utility for consumption. If the real natural GDP
growth rate is 2%, then the discount factor would be roughly 0.97. In this case
the welfare would be about 33 times value of the utility function in steady state.
If we stick to the calibration value for the real deposit rate, which is given by
1.5%, then the implied natural growth rate would be only 0.5% and the discount
factor be 0.985. But then the value of welfare should be about 66 times the steady
state utility level.

Given that the welfare function is sensitive to the choice of the steady state
discount factor, we report the result in terms of the level of utility function in
steady state. Two potential candidates for gauging welfare are considered, the

utility function with and without the liquidity in steady state:

Us(C,N,X : ©)=Up(C,N:0)+&InX, (46)
N1+nN

1+nN°

Us(C,N : ©)=(1-b)InC—¢ 47)
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where X = (amm% +ahen s +ahh£e;l)ﬁ is the liquidity service in steady state
and O is a set of parameters or steady states of variables of interest. Note that
the consumption elasticity of substitution is unity. For the model to be inter-
nally consistent with optimal household decision, Uy is the right one including
the liquidity service. However, X may be too much volatile relative to consump-
tion under certain conditions, potentially dominating the welfare effect when the
CBDC balance a" or the CBDC rate changes in steady state. To see this, note
that the optimal real money, debit and CBDC holding in steady state are given
by:

D _1

m = 5¢1(RRD1) Uz (48)
ah RP_1 €

h= (—mm) m (49)
at RP_1 €

ch = (—mm) 50)

where . | . |
B a™\( RP-1 \ (d"\*( R°P-1\"
d={1+ o | \ "o —gem o) \ro_ge (51)

Then it is straightforward to compute X as follows:

-1
ot -1 (RP—1 _
X:é(a )8—“138—1( RD ) UCIa

which can be affected heavily by the change in the CBDC holding, the CBDC rate
and the elasticity of substitution across real money, debit and CBDC. When R?
is sufficiently large and close to the deposit interest rate RP, it is easy to see that
the liquidity service can increase rapidly absorbing not just real money balance
but also debit account, potentially dominating change in the utility. Therefore,
although Up is less preferable to Uy from a theoretical point of view, it is also

of interest how sensitive Ug would be to change induced by the introduction of
CBDC.
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In this study, we quantify the change in welfare in terms of consumption unit
as usual. Specifically, suppose that a parameter or steady state is changed and
let it be denoted by ©. Let £ be the steady state of a variable x associated with
©. This change can be expressed as:Us(C,N,X :0©) =Up(C,N:0) +EInX. Then we

measure A such that

Us(CA+A),N.X : O)=Us(C,N . X:6) (52)
Ug(C(1+A),N : ©)=Up(C,N:0). (53)

That is, A measures the welfare gain in terms of percentage change in consump-
tion unit when ® is changed to ® in Uy and Ug. For the purpose of this study,
we change the CBDC weight ¢" or CBDC rate R and assess the quantitative

implication for welfare.

IV. Calibration

Using the Korean data (from the Bank of Korea) and following literature,
we calibrate the model such that parameter values and the steady state of the
variables are consistent with the equilibrium conditions described above. The
annual target inflation is set to be 2%, the official target rate of the Bank of
Korea. For the past two decades, the nominal deposit and loan rates as well
as the Base Rate have been overall decreasing, especially marking the lowest
rate, 0.5% in history during the COVID-19 period. Since then the Base Rate
gradually moves upward and now is believed to be higher than what is referred
to as a neutral nominal rate. Therefore, the steady state values may be sensitive
to the sample period. For this reason, we calibrate these interest rates at different
level and inspect how sensitive the results are. Fortunately, the main finding is
not very sensitive to the choice. As a basic calibration, we set the Base Rate,
deposit and loan rates respectively at 3%, 3.5% and 5.5%, reflecting the fact that
the spread between the deposit and loan rates is quite stable around 2% since
2001 as shown by Cho and Hwang (2022). Since the CBDC rate is unknown, we
first assume the steady state CBDC rate and the debit interest rate to be zero.
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Then we vary the CBDC interest rate from 0% up to the half of a deposit rate,
((RP=1)/2)%. The debit rate is then set R = 1+ A7 (R —1) with a benchmark

value A = 1. Then we also examine the case of A7 €[0,2].

The steady state relation for the bank balance sheet can be written in terms

of the ratio of each element to the bank capital such that

vivRS - yCH Ly (54)
The loan to bank capital ratio vtL =1,/ y; has been quite stable for the period of
2007-2021, and this is consistent with the model as well: the steady state of capital
stock and thereby the loan amount is determined by the real side of the economy.
Therefore, we set the sample mean as v = 8.26. The official bank reserve holding
ratio has increased from 3.49% to 4.16% for the same period. But in our model
counterpart is the reserve to total deposit ratio, which corresponds to 2.76% to
3.28%. As mentioned above, we assume that the reserve requirement is in force for
the debit account. Hence we set the sample mean of this ratio as 67 =0.0291.
Then vE = 9CHyCH  The remaining ratios v and vP are to be determined
endogenously in equilibrium, particularly by the households. However, it is easy to
identify v€H /vP from data. The ratio of a debit account to the bank deposit had
been around 10% for 2007-2012 but since then, it has been increasing, marking
18.7% in 2022. To this end, we set the sample average of this ratio as its initial
steady state, which is equivalent to veH / vP =0.124. Then using (54) and the
optimal choice of debit account holding (54), the parameter x is set to ensure
vCH |[yP = CH/D. In the absence of debit account, the case we will analyze for
comparison, the weight on the liquidity is set as & =0.0541 following Burlon
et al. (2022). vP can then be computed using (54), which is vP = 6.48. As we will
demonstrate in the sensitivity analysis, introduction of CBDC alter the optimal
debit and deposit level. Therefore, this ratio will be updated whenever the steady
state of CH/D changes.

The fixed management costs for loan and deposit can be easily computed by
L D
the steady state relation of (20) and (21): ut = EE—ZIRL—R, uP =R- SS—EIRD. The
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parameter €& can be computed by the estimate of ef—i] in (21). While it is difficult
to estimate this parameter in the context of monopolistically competitive bank
industry using the Korean data, Cho and Hwang (2022) computed the parameter
estimate of 85—: =1.0893. On a quarterly basis, this implies that e =45.8. Simi-
larly, we also compute €-, which is —407.1. The estimates of these two parameters
in Ulate (2021) (e- =203 and & = -268 for the U.S. economy) imply that, if they
are reliable, the Korean banking industry is relatively less competitive in the loan
market and more competitive in the deposit market. Since we do not have the
estimate for the other parameter x” in the variable cost function, we adopt the
(quarterly) estimate of Ulate (2021): kL =0.0012. But we compute xP using the
presumption that the coefficient of x'v’ must be equivalent for i =D and L from
Equation (23). The remaining parameters for the banking sector are @ and ¢.
These parameter values need to be set to satisfy the equilibrium conditions for
the bank capital dynamics. The case in which the steady state inflation rate is
zero is shown by in Ulate (2021). We extend this computation procedure to our

case in which inflation rate is set at 2%.

For the households, the time discount factor can be computed from the steady
state relation of the consumption Euler equation as 8 = (1 +7*) /RP. o, the inverse
of the elasticity of substitution for consumption is 1 and the consumption habit
parameter b is 0.8150. ¢y, the relative weight on the leisure choice in the utility
function is set to be 3.409. The inverse of Frisch elasticity of labor supply n®" =1.
The relative weights on the CBDC, debit account and the real cash balance for
the liquidity have no historical data, we initially set a = 0.3 with CBDC and 0

otherwise.

The weights of debit and cash out of liquidity instruments are calibrated to
match the sample mean of the debit and cash for 2007-2022 period, which are
a"=0.7(1-d") and @™ =0.3(1-a") as a benchmark. This implies that the relative
weight of debit over the traditional money — sum of cash and debit — is 70%. The
elasticity of substitution among real money, debit and CBDC accounts are set

to be € =2.
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The parameters associated with the production side are specified as follows.
The weight on the capital in the production function is o = 1/3 and the capital
depreciation rate is 8§ = 0.08. The parameters in final good sector associated with
the Calvo pricing are 8 =6 and @ =0.75, which are standard. The steady state of
the productivity shock A is normalized to be 1 and the persistence of the quality
of capital p" is chosen to be 0.9.

For the monetary policy, the response of the Base Rate to inflation and the
output gap are respectively, Yz = 1.5 and y, =0.2, and the interest rate smoothing
parameter pX = 0.7. The weight of the government spending relative to GDP is
higher than 0.2 in recent years, but historically, the average weight is about 0.2
for the Korean economy. To this end, we set Gy =0.2. The tax rate are set so that

it is consistent with the government budget constraint.

V. Results

This section presents the main results of this study through the lens of a
standard DSGE model in which the CBDC is explicitly introduced. The main
research questions are whether the CBDC would affect the real economy in a sig-
nificant way in the long run, how sizable its effect on the welfare of the households
would be. Our main finding is that 1) the CBDC would not have a quantitatively
sizable real effect, 2) the effect on households’ welfare is not directional and it
is dominated by changes in the liquidity service induced by variations of the
CBDC holding and the CBDC interest rates, and 3) introduction of CBDC does
not necessarily promote competition in the banking industry. We first present
the results of the baseline specification, followed by a robustness study with al-
ternative specifications such as the absence of debit account or different types of

fiscal policy.
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1. Results from the Baseline Model

As a benchmark case, we postulate the exogenous fiscal policy. And the debit
account, a natural substitute for the CBDC account is present in the model.
Then, we vary the willingness to hold the CBDC, a" and the CBDC rate R, a

potentially new and independent monetary policy.

CBDC Weight and the Long-run Equilibrium We first examine the effect of
introducing CBDC with respect to the weight of CBDC holding in the liquidity
service on the steady state of the economy. Figure 1 displays the change in the
endogenous variables as the CBDC holding increases from zero to 60% out of
total liquidity X. The red dashed line indicates the steady state of each variable
when the CBDC weight is zero, i.e., the steady state in the absence of the CBDC.

Then we increase the weight from 0 to 0.6.

A number of important observations are noteworthy. First, the initial steady
state remains virtually constant as the CBDC weight increases up to 0.3 and
begins to fall, reaching the lowest value when a” rises to 60%. However, the annual
percentage decrease of the steady state of output is just 0.025% at a” = 0.6. This
is quite small relative to the changes in output reported in the literature. Such a
small variation in output can be inferred as follows. The increase in the CBDC
weight significantly substitutes out the traditional money: debit account and real
cash balance. However, this is compensated by almost an equal size of increase

in deposit, hence the amount of the loanable funds is almost intact.

Second, while the change in the steady state of the output is small quan-
titatively, it is important to understand why it actually falls. To understand
this, notice that households do not need to hold liquidity as much as before be-
cause the CBDC provides an additional source of liquidity service. This change
in turn induces households to increase consumption and leisure. Consequently,
labor supply falls resulting in a reduction of equilibrium labor, lowering output.
Nevertheless, it is important to acknowledge that the changes in consumption

and labor are as marginal as output.
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Figure 1. Effect of Changes in CBDC weight on Steady State
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This figure plots the change of the variable in steady state as the CBDC weight a" increases from

zero to 0.6.
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Third, all of the real prices such as capital rental price, wage, all of the nominal
and real interest rates remain unchanged. This arises because banks have no
incentive to reset the optimal deposit and loan rates. Therefore, capital, labor
and the output do change, but the changes are quantitatively of a similar size to

output.

Finally, one interesting observation is that bank profit falls because banks
need to compete with the central bank in the debit market. As a consequence,
banks’ interest payment increase as deposit increases while debit account shrinks.
In this model, this does not imply that the banking industry becomes more
competitive, thus the inefficiency induced by the monopolistic banking industry
does not disappear. That is, introduction of CBDC simply shrinks bank profit,

and does not help the banking market be more competitive.

CBDC Interest Rate and the Long-run Equilibrium Next, the central bank may
well adopt the CBDC interest rate as a second and independent policy instru-
ment. Figure 2 depicts the change in steady state when the central bank varies

this new policy rate.

The effect on the steady state output is again very marginal: When the CBDC
rate increases from 0% to 1.75% year on year (0% to 0.425% quarterly), the out-
put falls marking a decrease of 0.225% on an annual percentage. As the CBDC
rate increases, consumption actually increases as in the case of an increase in the
CBDC holding weight. An increase in CBDC rate induces households to hold
more CBDC balance and banks need to raise the debit interest rate to com-
pete with the CBDC. Consequently, households reduce real cash balance and
more importantly, deposit as well. Banks need to hold more reserves, reducing
the total loan amount. Consequently, the physical capital has to fall. Households
also increase the total liquidity and increase consumption while reducing leisure.
Therefore, the equilibrium labor also falls, resulting in a decrease in output in
steady state. Since there is no reference on the CBDC rate pass-through coeffi-
cient A" in the debit interest equation (22), we vary the value from zero to 1 and

confirm that alternative pass-through does not alter the results. This implies that
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Figure 2. Effect of Changes in CBDC Interest Rate on Steady State
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This figure plots the change of the variable in steady state as the CBDC interest rate R” increases
from 1.000 to 1.00425 on a quarterly basis.
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a decrease in labor is mainly responsible for reducing the steady state output.
As mentioned earlier, a reduction of output is not quantitatively large, thus it

would be even smaller for a model in the absence of labor market.

Notice that the deposit and loan interest rates do not change as they are
responsive only to the main monetary policy rate R. If one considers a model
of banking in which the debit and deposit market are integrated so that banks
respond to the CBDC rate as well, increase in the deposit and loan rates would
exacerbate the output in steady state. Or the same conclusion can be obtained
simply when the central bank raises the primary policy rate in line with the
CBDC rate. For instance, Figure 3 shows the change in steady state when the
central bank raises the primary interest rate. As expected, the output falls. To
see this, notice first that the long run real deposit interest rate is invariant to
change in the policy rate while the long run real loan rate rises, which can be seen
from the consumption Euler equation in steady state, B(RP) = 1+ x*. Therefore,
the Fisher effect holds for the deposit rate. From Equations (20,21), the nominal
-
as €” <0 while the loan rate rises more than unity as Ef—il > 1. This observation
is pointed out by Cho and Hwang (2022).

deposit rate rises by to a rise in the policy rate, which is smaller than unity

1.1. Welfare Implications

To evaluate the change in welfare when CBDC is introduced in otherwise
a standard model, we change the CBDC weight and the CBDC interest rate
separately as we did for the steady state analysis. As mentioned earlier, what we
found in this study is that the amount of liquidity service can be extremely large,
dominating the welfare effect. For this reason, we report two different measures of
the welfare: the one with the liquidity service and the other ignoring the liquidity.
Figure 4 depicts the results as the CBDC weight (a") increases from 0% to 60%.
The the top left and bottom left panels show the change in the value of the utility
function with and without the liquidity services in steady state, respectively. The
top right and bottom right panels depict the corresponding percentage change

in consumption explained in Equations (52,53).
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Figure 3. Effect of Changes in Primary Policy Rate on Steady State
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This figure plots the change of the variable in steady state as the gross primary policy interest
rate R increases from 1.0075 to 1.015 on a quarterly basis (net policy rate increases from 3% to

6% in annual terms).
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Recall from Figure 1 that consumption and leisure increase, which would
improve the welfare of households from a traditional point of view. In contrast,
the total amount of liquidity falls, implying the utility loss from the liquidity
services. Therefore, the welfare will be determined by the relative size of these
two factors. It turns out that utility increases with respect to consumption and
leisure Ug(C,N :a") > Ug(C,N : " = 0) where hatted variable is the optimal values
associated with @ but Us(C,N,X :a") <U4(C,N,X :a" =0). This implies that the
change in liquidity service is decisive in evaluating welfare: in the utility measure
Up i.e., in the absence of liquidity services, welfare gain the percentage change
in consumption unit is 0.03% when a" = 0.6. In stark contrast, the welfare loss
is lower than —1% in the case of utility Uy with liquidity service X. This is
enormous as the welfare measure should be at least 33 times higher than the

level of liquidity.

Similar results are also obtained with the CBDC rate. Figure 5 depicts the
change in the utility and percentage change in consumption as the CBDC rate
increases from 0% to 1.75%, analogous to Figure 4. In this case, all of consump-
tion, leisure and the amount of liquidity service increase with the CBDC rate.
Therefore, a positive CBDC interest rate is welfare-improving although output
still falls in steady state. But again the contribution of liquidity services is 8

times bigger than that of consumption and leisure crease in improving welfare.

To summarize, the pros and cons of both measures of welfare are clear. When
we measure the welfare without consideration of the change in the liquidity ser-
vice, the quantitative implication for change in welfare level appears reasonable:
assuming that the steady state welfare function is around 33 times higher than
the utility level, the percentage change in consumption for the welfare function is
around 1% in the case of a" = 0.6 and 3% when the CBDC interest rate is 1.75%
per annum, However, this measure is inconsistent with the model because the
optimal decision of households are based on the liquidity services. The second
measure with liquidity services is internally consistent with the model, but the

quantitatively, the size of the change in welfare appears too large relative to the
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Figure 4. Effect of Changes in CBDC weight on Welfare
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This figure plots the change of utility function and the welfare gain in terms of percentage change

in consumption as the CBDC weight " increases from zero to 0.6.

Figure 5. Effect of Changes in CBDC Interest Rate on Welfare
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This figure plots the change of utility function and the welfare gain in terms of percentage change
in consumption as the CBDC interest rate R increases from 1.000 to 1.00425 on a quarterly

basis.
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findings in the literature.?)

1.2. Discussions

Our main results and their implications shed light on several important issues
pertaining to the efficacy of CBDC. First, CBDC would have been completely
neutral in the absence of any kind of deposit (interest-bearing or not) account
because it just completely substitutes out physical real cash. Therefore, the exis-
tence of bank deposits is a key factor in the study of CBDC. Moreover, we have
shown that it is important to distinguish debit — as liquid as cash — to compete

with CBDC from deposit like an asset.

Second, it is then important to understand the consequence of interest-bearing
(savings) deposit as an alternative liquidity service provider. Indeed, some studies
such as Burlon et al. (2022) do consider a “deposit-in-the-utility (DIU)” specifica-
tion. While this is similar to ours, a single deposit contains both characteristics:
liquidity and asset. account. This sort of specification would have a much larger
impact on output and welfare in steady state. One the one hand, the size of de-
posit has been traditionally much bigger relative to that of debit account. Any
change in CBDC — weight or interest rate — leading to an increase in deposit
would amplify the effect on output as the loan and capital shock will be larger as

well, provided that the parameter measuring liquidity service & is the same.?) On

4) One avenue to alter the specification of our model would be to set the lower value for the
steady state of & for calibration, but then the bank intermediation channel through which
CBDC affects the economy becomes negligible. We leave this issue as a future research topic.

5) Demand deposit has been expanding rapidly in U.S. since 2020 as the Fed lifts the regulation
on limits on the number of transactions or withdrawals permitted on savings deposit accounts.
According to the FRED data, demand deposit as of Oct 2, 2023 was 5036 billion dollars,
almost three times larger than that of December 30, 2019 (1810 billion dollars). Deposits (all
commercial banks) are 13190 billion dollars as of December 25, 2019 and 17364 billion dollars as
of October 11, 2023. Therefore, if our measure debit to interest-bearing deposit ratio is proxied
by the ratio of demand deposit to all deposit less demand deposit jumps from around 0.16
to 0.41. Therefore, our analysis may not be consistent with the U.S. data. However, demand
deposit still contains some interest-bearing deposits, thus it may not be as liquid as cash or
CBDC. Moreover, our robustness analysis indicates that the main result does not change even
if the initial debit/deposit ratio is calibrated at the level higher than our benchmark. We thank
Oik Kwan for advising us the changes in the Policy in U.S.
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the other hand, the optimal bank decision is to raise the deposit interest rate in
order to compete with CBDC in the case of DIU model. If deposit does increase,
the amount of bank loan will also expands, inducing an increase in capital and
output. For welfare, this change obviously raises the amount of liquidity service,
raising welfare, presumably at a much bigger rate than our benchmark coun-
terpart. This is in contrast to our model: an increase in CBDC holding would
substitute out debit account while the sum of debit and deposit account barely

changes, so do the deposit and loan rates.

Third, our finding is in line with other studies in that bank profit falls as a
consequence of introduction of CBDC. But our study indicates that this does not
automatically promote competitiveness of the banking industry. This is natural
because in our model, there is no model for entry and exit in the banking indus-
try. Therefore, it can be an important extension of our model to allow the exit of
existing banks and entry of new banks. Even if this is allowed, however, the im-
provement in efficiency by eliminating some monopolistic power in banks would
not be sizable regardless of the size of CBDC, if the strong offsetting movements

of debit and deposit remain valid.

Fourth, the alternative endogenous fiscal policy utilizing the seigniorage rev-
enue does not alter the main result of ours. This is also in contrast to the findings
of Burlon et al. (2022) who demonstrate that the optimal level of CBDC under
various circumstances lie between 15% to 45% relative to the output when cash
to output ratio is calibrated to be 34.4%. It seems that the relative preference pa-
rameter on CBDC and deposit in their study are fixed and not clearly reported,
whereas it is the key preference parameter we vary and analyze. When we vary
the preference parameter, the relative weight of CBDC, a" (their ¥ in steady state
) from 0% to 60%, the optimal CBDC-output ratio rises from 0% to 25%. This
also implies that the optimal cash to output ratio falls by a substitution effect.
It is not possible to directly compare their results with ours because deposit is
absent in the liquidity service in our model. Nevertheless, it is easy to see that
the seigniorage revenue should be much smaller than that of Burlon et al. (2022).

Therefore, even if we adopts an alternative fiscal policy such that the seigniorage
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revenue is used to finance the government expenditure, the results on the output
and welfare would be negligible. When the central bank raises the CBDC rate, the
seigniorage revenue is actually decreases, but the size of government expenditure
under this alternative fiscal policy is almost the same as that of the exogenous
fiscal policy. Indeed, the results for the steady state analysis and welfare analysis
are indiscernible with the benchmark results, Figures 1, 2 and 5, thus we do not

report them here.

To summarize, what matters for the steady state real effect and welfare im-
plication is how one interprets and defines liquidity service. This study adopts
the traditional notion of liquidity, excluding deposit as a source of liquidity, and
treats deposit as an interest-bearing asset. If interest-bearing savings account
constitutes the liquidity service, the real effect of CBDC and the impact on wel-

fare may be too large to be consistent with reality.

2. Robustness

We have tested many alternative specifications including alternative endoge-
nous fiscal policy in which seigniorage revenue can be used as an additional
source for fiscal policy. Recall that from Figures (1, 2), the seigniorage revenue
rises only very marginally when the CBDC weight increases and it actually falls
as the CBDC interest rate goes up. In any case, the change in the seigniorage
revenue is negligible, thus, alternative fiscal policy does not change the main re-
sults. For this reason, we do not report the result based on the alternative fiscal
policy to save space. This is in stark contrast to the finding in Burlon et al. (2022)
which emphasizes the seigniorage channel of fiscal policy and other fiscal policy
devices in Barrdear and Kumbhof (2021).

Most of parameters in our model are not related to the composition of debit
and deposit, thus one can expect that no noticeable change would emerge when
evaluating the model with other parameter values. Indeed, we have verified this
conjecture by performing a number of exercises. This is so even when the elas-

ticity of substitution across the three types of money is large. Our benchmark
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value for the elasticity is 2, but it can be much larger. For instance, in a New-
Monetarist framework in which CBDC, debit and cash are perfect substitutes,
Chiu et al. (2023) and Williamson (2022) demonstrate that introduction of CBDC
can be welfare-improving. In our framework, however, even if this effect exists,
it should be only marginal. Figures 6 and 7 verify this conjecture in which the
elasticity is set at 5. As the households’ CBDC holding weight increases from
20% to 40%, loan (thus capital) and labor in equilibrium increase and push up
the output, but they fall if the CBDC weight is over 40%. Moreover, the change
in output is quite small quantitatively. In the case of an increase in CBDC rate,
the result is qualitatively similar to the benchmark case, but the fall in output is
slightly larger than the benchmark counterpart. We also find that the change in
consumption, labor/leisure and liquidity does not alter the welfare implication

from the benchmark case, we do not report the results.

3. Short-run Analysis

Now we move on to the short-run analysis using impulse responses to the
monetary policy. We first presents the impulse response analysis when the central
bank conducts a contractionary monetary policy by raising the primary interest

rate.

As expected, the result is consistent with a typical New-Keynesian macroe-
conomic model: Output, consumption and inflation falls as the primary interest
rate rises. In our model with a banking sector, all of the interest rates (deposit
and loan rates) increase, but asymmetrically — loan rate rises more than the de-
posit rate. Consequently, the equilibrium deposit rises, but because debit account
holding falls more than an increase in deposit, the total loan and the resulting

capital falls.

Given that our model matches the standard impulse-responses to a contrac-
tionary monetary policy shock, we assess the impact of an increase in the CBDC
interest rate in Figure 9. As Figure 9 illustrates, output increases in contrast to

the case of a contractionary monetary policy shock. This result can be understood
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Figure 6. Effect of Changes in CBDC weight on Steady State When ¢ =5.
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This figure plots the change of the variable in steady state as the CBDC weight a" increases from
zero to 0.6.
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Figure 7. Effect of Changes in CBDC Interest Rate on Steady State When €=5
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This figure plots the change of the variable in steady state as the CBDC interest rate R” increases
from 1.000 to 1.00425 on a quarterly basis.



BOK Working Paper No. 2024-6

Figure 8. Effect of an Exogenous Increase in the Primary Interest Rate
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This figure plots the impulse-responses of each variable to a 0.25% increase in the primary interest

rate on an annual basis.
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Figure 9. Effect of an Exogenous Increase in the CBDC Interest rate Rate
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This figure plots the impulse-responses of each variable to a 0.25% increase in the CBDC interest

rate on an annual basis.
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in the following way. Facing a sudden increase in the CBDC rate, households de-
crease consumption and increase labor supply. Recall that in the steady state
analysis, the long-run equilibrium labor actually falls. As a consequence, the to-
tal amount of the three liquidity instruments and deposit rises. Moreover, while
the deposit rate does not increase in the steady state analysis, banks do increase
both debit and deposit rates not to lose debit and deposit. Therefore, the total
loan amount actually increases. Summing the effect of increases in labor and loan
contribute to the rise of output. Although the effect of the CBDC interest rate on
output and consumption is still marginal quantitatively, an alternative and in-
dependent CBDC interest rate policy clearly has a qualitatively different impact
on output and consumption from the standard primary policy instrument. To
summarize, the introduction of CBDC has some mixed long-run effect on output
and welfare in steady state and in the short-run, and the CBDC interest rate
policy provides the central bank a fresh, novel and potentially powerful policy
instrument to achieve possibly multiple policy goals, if appropriately mixed with

a primary interest rate policy.

VI. Conclusion

In this study, we extend a standard DSGE model with a solid microfoundation
for a banking sector based on Ulate (2021) in which CBDC competes directly
with traditional money providing liquidity services — physical cash and non-
interest-bearing debit — and indirectly with the interest-bearing deposit, which
is a standard asset for households. What is novel in this approach is that the
distinction between these two types of bank liabilities other than bank capital
provides a fresh interpretation for the efficacy of CBDC on the real economy and
welfare. All of our results lie in the following observation. Any change in debit
caused by CBDC — such as changes in the preference of holding CBDC or changes
in CBDC interest rate — is mostly offset by the change in households’ demand
for deposit, rather than consumption and labor in the long-run. Therefore, the
banks’ balance sheet is barely affected. Consequently, the effect of CBDC on the

real economy is found to be marginal quantitatively. Our classification of the
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two types of deposit is not of course innocuous because there exists a variety
of deposits differing in liquidity and interest rates in reality. Also, the banking
sector abstracting from exit and entry decisions is a clear shortfall in our model,
therefore our model cannot explain the potential benefit of CBDC enhancing
competitiveness in the banking industry. However, our results can be interpreted
as an extension of the traditional lesson about neutrality of money: Change in
money demand or money supply — regardless of whether the central bank changes
the target monetary aggregate or target interest rate, the real value of deposit,
loans, capital thereby output are all invariant to this monetary adjustment. In
our setup, there are only composition effect in banks’ liabilities, but since the
banking industry is relatively competitive, particularly in deposit market, such a
composition effect barely affects the total real value of deposit, leading to near-

neutrality of money and CBDC.
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