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I. Introduction

After the financial crisis of 2007-2008, new
macro-prudential capital requirement regimes
were proposed in a global regulatory framework
for banks, which is called Basel III. Rubioand
CarrascoGallego (2016) argue that the macro-
prudential regimes of Basel III consist of the
two elements: increase in capital requirement
ratios in normal times, and introduction of
time-varying capital requirement ratios which
take into account macro-financial environment
of the economy.”

Theoretically, time-invariant capital regula-
tions prevent banks from supplying funds to
the economy during a recession, because profit
losses of banks reduce the amount of their
capital, which leads to lower capital ratios
(Repullo and Suarez 2013, Tacoviello 2015).
Although the recent theoretical literature dis-
cusses the stabilizing effects of time-varying
minimum  capital  requirements on  the
macroeconomy, the effects have not yet fully
been comprehended (Angelini et al 2014, Rubio
and Carrasco-Gallego, 2016). In particular, the
following important questions have not been
answered yet: How do heightened and time-
varying minimum capital requirements affect
the economy during a recession? How do time-
varying minimum capital requirements with
capital distribution constraints as introduced in
the Basel III framework in a dynamic stochastic
general equilibrium (DSGE) model? The goal of
this study is to contribute to the theoretical
literature on macro-prudential capital require-
ment regimes by answering these questions.

We consider a DSGE model in which finan-
cial intermediaries are subject to time-varying
minimum capital requirement constraints. As
introduced in Basel III reforms, we consider
that a regulatory authority sets the minimum
capital requirement ratio responding to the gap
of the credit-to-GDP ratio from its long-term
trend. In particular, the authority lowers the
minimum ratio when the credit-to-GDP ratio

falls below its steady-state value, namely dur-
ing a recession. We refer to such time-varying
minimum capital requirement regulations as
counter-cyclical minimum capital requirement
regulations.

As existing literature argues, when an ex-
ogenous disturbance to capital of financial in-
termediaries triggers a recession, intermediar-
ies incur losses on capital, reducing credit
amounts to meet the minimum capital ratios.
Then, the declined supply of credit to the pro-
duction sector leads to the fall in aggregate in-
vestment, output, and household consumption.

The simulation results of this study show
that the raise in the steady-state minimum
capital requirement ratio under the counter-
cyclical capital requirement regime has signifi-
cant stabilizing effects on the economy.
Financial intermediaries can release extra capi-
tal required by the raise in the steady-state
minimum capital requirement ratio, because
the government lowers the minimum capital
requirement ratio under the counter-cyclical
minimum capital requirement regime. For in-
termediaries, this reduces the necessity of re-
ducing lending and building new capital during
periods when they incur losses of -capital.
Keeping the greater amount of supply of funds
in counter-cyclical minimum capital require-
ment regime than in the time-invariant regime
leads to a modest decline in output in the for-
mer regime.

The counter-cyclical minimum capital re-
quirement regime enables financial intermedi-
aries to distribute more capital to their owners
during a recession than in the time-invariant
regime. By taxing on dividend payments by in-
termediaries to their owners during a reces-
sion, the regulator can succeed in lowering in-
centive of intermediaries to distribute capital.
The simulation results show that such taxing
scheme significantly enhances the stabilizing
effects of the counter-cyclical capital require-
ment regime. Intermediaries use more capital
for supplying funds to the production sector
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than in the case without the taxing scheme,
not for smoothing the decline in dividend pay-
ments to their owners.

Recent theoretical literature examines the ef-
fects of counter-cyclical capital requirements by
using macroeconomic models.” Gertler et al.
(2012} and Liu (2016} assess a scheme to subsi-
dize banks' issue of equity as counter-cyclical
capital requirements. We contribute to the lit-
erature by considering the time-varying mini-
mum capital requirement ratio, which responds
to the gap of the credit-to-GDP ratio as pro-
posed in Basel III reforms.

The most related literature is Rubio and
Carrasco-Gallego (2016}. They argue that, al-
though counter-cyclical minimum capital re-
quirements mitigate the exogenous fall in bank
lending, counter-cyclical minimum capital re-
quirements do virtually not affect the dynam-
ics of aggregate output. Our model differs in
considering intermediaries which supply funds
to the production sector of the economy, and
in providing the results that the counter-
cyclical minimum capital requirement regime
mitigates the decline in both credit supply and
output during a recession. Moreover, we con-
tribute to the literature by illustrating that
the time-varying minimum capital requirement
rule, which responds to the credit-to-GDP ra-
tio, does not work to mitigate a recession
which 1s triggered by a negative productivity
shock.

Angelini et al. (2014), Benes and Kumhof
(2015}, and Karmakar (2016} also examine
counter-cyclical capital requirements in DSGE
models. These models, however, have not yet
explicitly considered capital distribution con-
straints on financial intermediaries as intro-
duced in macro-prudential capital requirement
regimes in Basel III. We contribute to the lit-
erature by considering a taxing scheme, which
works as capital distribution constraints on in-
termediaries during a recession.

The organization of this paper is as follows.
macroeconomic

Section 2 presents  the

framework used in this study. Section 3 pre-
sents simulation results of model analysis.
Section 4 concludes this study.

II. The model

The model of this study builds on a DSGE
(2015).” To

Tacoviello's model, we add counter-cyclical mini-

model developed by Iacoviello
mum capital requirement constraints for finan-
cial intermediaries. Consider a closed economy
comprised of four types of agents: households,
entrepreneurs, bankers, and a government.
Each entrepreneur manages a final-goods-
producing firm. Then, each banker manages a
financial intermediary. The sequence of time is
expressed in an infinite sequence of discrete pe-
riods that is denoted by t=0,1,2,---. We de-

sceribe each component of the model below.

1. Household sector
There is a continuum of identical households of
mass of unity. Households consume final
goods, own real estate, save, supply labor, and
acquire short-term debt (which we call deposits
hereafter) issued by financial intermediaries.
Let C, denote consumption of a representa-
tive household at period ¢, H,, denote the
quantity of real estate that the household
owns, and N, denote time that is spent on
working. The preference of the household at
any time ¢ is given by

£{Y B TQ-min(c,—nC,)
+iln HH,S+h1n(1st)j}, M

with
0<By<1, 0<n<1, 7,h>0,

where E,{-} is the expectation operator condi-
tional on information at period ¢, B8, denotes
the discount factor of the household, 7 meas-
ures habit formation in consumption, j denotes
the utility weight of real estate, and 4 denotes
the utility weight of labor.”
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Deposits are defined as real bonds that pay
the gross real rate of return denoted by R,
from period t—1 to ¢. Let D, denote the quan-
tity of deposits that the household acquires, g,
denote the price of real estate, W, denote the
wage rate, and & be a redistribution shock
that transfers wealth from the financial sector
to the household sector. The budget constraint
of the household is given by

CH,erDtJFQt(HH.t*HH,z—l) -
R,_D,_,+W,N,+e,. (2)

Following Iacoviello (2015), we introduce the re-
distribution shock into the model as a way to
introduce an exogenous disturbance to capital
of financial intermediaries. As we described
later, losses on capital of intermediaries trig-
ger a recession. As lacoviello (2015) argues,
wealth of intermediaries is transferred to
households by the shock, and therefore, no
wealth is created or destroyed in aggregate.

At each period $t$, the household chooses
consumption, real estate, labor supply, and de-
posits to maximize the expected discounted
utility (1) subject to the budget constraint (2).
The first-order conditions for consumption/de-
posits, real estate, and labor supply are given
by

Uey, = BHR[Et(uC[/,zH)’ @)
J
qdiUc,, — H7W+BHEz(qt+luCHﬁl>’ (4)
h
VVZ”(JHJ = 1—N, ) (5)
'
where
Uc,, = (1*77)%
e CH,rfnCH,r,—l
B (17—
" 7 Cris1—nCy,

2. Entrepreneurial sector

There is a continuum of identical final-goods-
producing firms of mass of unity. Firms pro-
duce homogeneous final goods using real estate
and labor, and obtain funds from financial in-

termediaries. As described later, there are

financial market frictions in the process of
firms obtaining funds from intermediaries.

Let Y, denote output of final goods that a
representative firm produces at period ¢, Hp,,
denote real estate purchased by the firm at pe-
riod t—1. At any period ¢, production is given
by

Y, = Hy, N7" with 0<v<1, (6)

where N, is the labor input.

Let Cp, denote profits of the firm, L, denote
funds (loans) that the firm obtains from finan-
cial intermediaries, and R;, denote the rate of
return that the
intermediaries. Profits at any time ¢ is given
by

Cps = K+L57Qt(HE.f7HE,t—1) -

firm pays to creditor-

Ry, L,_,— W,N,—acg, (7)
with
o 2
acy, = %% ¢, >0,

where acgp, is quadratic adjustment costs of
loans, and L, denote the steady-state value of
loans.

Following Iacoviello (2015), we introduce bor-
rowing constraints on firms as financial mar-
ket frictions. In particular, the firm cannot
borrow more than a fraction m, of the ex-
pected discounted value of its real estate. The

borrowing constraint is given by

RIS ®

Et+1
with
0<m,y <1, 0<my<1,

where Eq. (8) implies that a fraction m, of
wages must be paid in advance.

The entrepreneur who manages the firm uses
all the profits of the firm to obtain final goods
for his/her consumption. The firm/entrepre-
neur chooses loans, real estate, and labor input

to maximize

E,{ Zt 8! In CL} with 0< 8, < 1, )
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where 8, denotes the discount factor of the en-
trepreneur, subject to Egs. (6)-(8). Let Az, de-
note the Lagrange multiplier on the borrowing
constraint (8). Then, the first-order conditions
for loans, real estate, and labor are given by

_Oacg, \ 1 .
<1 oL, >CE,, Ae: = Bok

oac 1
R + Ll >7:|, (10)
{< bt oL, Crit1

inmHZE,lEl< Loy >:

Ry i1y
(I_TUZ)Y‘ = (1 +mydg) W, (12)
with
At = A Cr (13)
Ao = S

where A,,., is the entrepreneur's stochastic dis-
count factor. Eq. (10) states that when the bor-
rowing constraint (8) is binding, the marginal
gain from expanding borrowing by a unit ex-
ceeds the expected discounted marginal costs of
doing so, because the constraint limits firm
borrowing. Eq. (11) states that the constraint
introduces a wedge between the marginal prod-
uct of real estate and the marginal costs of it.
Eq. (12) also states that there is a wedge be-
tween the marginal product of the labor input

and its marginal costs.

3. Financial sector
There is a continuum of identical financial in-
termediaries of mass of unity. Each intermedi-
ary raises funds from households by supplying
deposits. Then, intermediaries supply funds to
final-goods-producing firms. As described later,
intermediaries are subject to minimum capital
requirement constraints.

Let Cap, denote the amount of net wroth
(which we call capital hereafter) that a repre-
sentative financial intermediary has at the end

of period ¢. The balance sheet of the intermedi-
ary at any period ¢ is given by

L,= Cap,+D,, (14)

where L, is the quantity of funds that the in-
termediary supplies to firms, and D, is deposits
that the intermediary obtains from households.

As we noted earlier, deposits that households
acquire at period {—1 pay the gross rate of re-
turn R,_, at period ¢, and assets that the inter-
mediary has at period —1 earn the gross rate
of return R;, at period ¢. Let Cp, denote divi-
dends to the banker who manages the interme-
diary. Then, capital of the intermediary at pe-

riod ¢ is given by
Cap, = R, L, ,—R,_,D,_,—Cp,—acg,—¢€,(15)

with

acp, =

o 2
%(Lt Lt71> ’ ¢ﬁ>0!

Ly
where acy, is quadratic adjustment costs of
loans, and ¢, is the redistribution shock that
generates losses on capital.

We now turn to minimum capital require-
ment regulations for financial intermediaries.
The financial intermediary must satisfy the
following minimum capital requirement con-

straint at each period 7:

Cap,

t

>1-—7, (16)

where 1—7, is a regulatory minimum capital
requirement ratio. Eq. (16) states that the in-
termediary is required to hold its capital-to-
assets ratio, Cap,/L, greater than or equal to
the minimum capital requirement ratio, 1—7,.
The banker uses all the dividends to obtain
final goods for his/her consumption.
The banker/intermediary chooses deposits and

loans to maximize
E{Y 8 ' chS}, with 0< 8, < 1, an
s=1

where B; is the discount factor of the banker,
subject to Egs. (14)-(15). Let Az, denote the
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Lagrange multiplier on the capital requirement
constraint (16). The first-order conditions for

deposits and loans are given by

| 1
L, =BR E<—> (18)
CBJ Bt BB Hit*~t CBJ+1
aacB't} 1
{” oL, |C, P

70acht+1> 1 }
|:<RL,t+1 oL, Coinr +7. 5. (19)

The term 1/Cp, in the left-hand side of Eg.
(18) has the interpretation of the marginal gain
of obtaining another unit of deposits, and
while the right-hand side is the expected dis-
counted marginal costs of doing so. If the in-
termediary is not subject to the minimum capi-
tal requirement constraint, it expands deposits
to the point where the marginal gain equals
the marginal costs. Eq. (18) states that the
marginal gain, however, exceeds the marginal
costs to the extent that Eq. (16) is binding, be-
cause the constraint limits intermediary ob-
taining deposits.” In particular, given Eq. (14),
when the constraint (16) binds, the quantity of
deposits that the intermediary can obtain de-

pends on its assets:
D, = 7L, (20)

The first-term on the right-hand side of Eq.
(19) is the expected discounted marginal gain of
expanding loans by a unit, and while the left-
hand side is the marginal costs of doing so.
Eq. (19) states that the marginal costs exceeds
the marginal gain because the binding con-
straint (20) creates the implicit gain of expand-
ing loans, which is denoted by the term 7,45,:
expanding another unit of loans enables the in-

termediary to obtain deposit by the unit 7,.

4. Government sector

We suppose that at each period ¢, the govern-
ment sets the minimum capital requirement ra-
tio, 1—7, in response to the gap of the credit-
to-GDP  ratio from its
according to the following rule:

long-term  trend,

7= 7+M<A*£>, with m <0, (21)

where 7 is the steady-state minimum capital
requirement ratio, L,/Y, is the credit-to-GDP
ratio at period ¢, m is a counter-cyclical coeffi-
cient, and L/Y is the steady-state credit-to-
GDP ratio. Eq. (21) states that the government
lowers the minimum capital requirement ratio
1—7, below its steady-state value (i.e., raises
the variable 7, above its steady-state value)
when the credit-to-GDP ratio goes below its
steady-state value, namely the counter-cyclical

coefficient m is negative.”

5. Equilibrium
Market clearing in the final goods market re-
quires

Y, = Cy,+Cp,+Cp,+acy,+acg, (22)

where VY, is aggregate output; Cp;, Cp, and
Cy, are aggregate consumption of households,
entrepreneurs, and bankers respectively; and
acy; and acy, are aggregate adjustment costs of
entrepreneurs and  bankers  respectively.
Following Iacoviello (2015), market clearing in

the real estate market requires
Hy, +Hgy =1, (23)

where the aggregate supply of real estate is
normalized to unity. Given the balance sheet
constraint of financial intermediaries (14), equi-
librium aggregate deposits must equal the ag-
gregate supply of loans minus aggregate capi-
tal:

D,= L,—Cap,. (24)

Finally, market clearing in the loan market re-
quires that the aggregate demand for loans
equal their aggregate supply. When the mini-
mum capital requirement constraints (16) bind,
this implies
D,

L, = .
! 7t

(25)

In each period ¢, the 10 equilibrium quanti-
ties (Y, CH,tv CE,zv CB,z‘ Hy,, Hp,, N, D,, L,
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Cap,), the four equilibrium prices ( W, R,, R;,,
q,), and the three other variables (Az, Az, 7,)
are determined by Egs. (2)-(8), (10)-(15), (18)-
(21), (23) as a function of the state variables
(Cup—rs Ricyy Hyyoyo Hpyoy, Loy, Dimy, &), to-
gether with the exogenous stochastic process of
the redistribution shock e,.

II. Model analysis

1. Calibration

There are 11 parameters for which we need to
choose values for numerical calculations. Table
1 reports the values of the parameters. Each
period is assumed to be a quarter. We use es-
timates of Iacoviello (2015) to choose the values
for most of parameters, which include the dis-
count factors By, Bz and By ; the utility weight
of labor 7z and that of real estate j; the habit
parameter 7 ; the adjustment parameters ¢,
and ¢5; the share of real estate v; borrowing
constraint parameters m, and my. Following
Tacoviello (2015), the stochastic process for the
redistribution shock, €, is given by

e, = 09,_,+¢, (26)
where [, is distributed N (0, o,), and o, = 0.0015.

Table 2 shows the values of the steady-state

equilibrium quantities and prices under our

calibration. We consider two different intensi-
ties of minimum capital requirement regula-
tions in the steady state. In the first case, the
steady-state minimum capital requirement ra-
tio is equal to 8%. We refer to this case as low
MCRR case (MCRR denotes “minimum capital
requirement ratio”). In the second case, the
steady-state minimum capital requirement ra-
tio is raised to 12.5%. We refer to this case as
high MCRR case.

Note first that, in the high MCRR case, the
capital of financial intermediaries is approxi-
mately 1.3 times as large as that in the low
MCRR case. In addition, the aggregate supply
of funds declines from 0.344 to 0.283 as the
minimum capital requirement ratio increases.
These occur because, in the high MCRR -case,
intermediaries are required to hold more capi-
tal relative to the supply of funds and/or to
supply less funds relative to the amount of
their capital than in the low MCRR case. The
decline in the aggregate supply of funds leads
to the increase in the equilibrium lending rate.
Second, because the aggregate supply of funds
to the production sector declines, the increase
in the steady-state minimum capital require-
ment ratio has adverse consequences for real
economic activities. In the high MCRR case,
the input of real estate into the production de-

Table 1: Parameter values

Households

By 0.9925
h 2

n 0.46
J 0.075
Final goods producing

B 0.94
P 0.25
v 0.05
My 1
my 0.9
Financial intermediaries

Bz 0.945
o 0.25

Discount factor
Utility weight of labor
Habit parameter

Utility weight of real estate

Discount factor of entrepreneurs
Adjustment cost parameter
Share of real estate

Borrowing constraint parameter

Borrowing constraint parameter

Discount factor of bankers

Adjustment cost parameter
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Table 2: Steady-state values of equilibrium quantities and prices

Capital requirement

Low MCRR High MCRR
Output Y 0.2076 0.2070
Households' consumption Cy 0.1904 0.1897
Loans L 0.344 0.283
Deposits D 0.316 0.248
Financial intermediaries' capital Cap 0.028 0.035
Dividend payments to bankers Cy 0.0016 0.0021
Minimum capital requirement ratio (%) 1—7 8 12.5
Lending rate R, 1.012 1.014
Deposit rate R 1.008 1.008
Firms' real estate 0.146 0.132

clines from 0.146 to 0.132, which in turn leads
to the fall in both aggregate output and con-
sumption of households.

2. Numerical calculations
Figure 1 shows the impulse responses of the
key equilibrium quantities and prices to a re-
distribution shock. The solid line gives the re-
sponses of the model economy. We choose the
following parameters of minimum capital re-
quirement regulations: the steady-state mini-
mum capital requirement ratio of 12.5%; and
the counter-cyclical coefficient 7 in the capital
requirement rule (21) of —0.1. As a baseline
simulation, for comparison, the dotted line
gives the responses of the same model except
that the minimum capital requirement ratio is
constant and equals to 8% through the time.
Thus, in the economy, the responses of which
are shown by solid line, the steady-state mini-
mum capital requirement ratio is raised by
4.5% from that of 8% in the baseline simula-
tion, and also counter-cyclical minimum capital
requirement regime is introduced. We also con-
sider the case that the government does not
adjust the minimum capital requirement ratio,
and the minimum ratio always equals its
steady-state value of 12.5% through the time.
The dashed line illustrates this case.

The redistribution shock is the realization of
the disturbance /, in Eq. (26) of one standard

deviation at period ¢ = 0. The shock to the fi-
nancial sector generates losses on capital of fi-
nancial intermediaries, which in turn lead to
the decline in dividend payments to managers
of intermediaries. Intermediaries can offset
losses on capital by substantially reducing divi-
dend payments. However, because the dividend
payments (Cp,) do not decrease as much as
the negative shock to bank capital (¢,), bank
capital (CAP,) decreases. Then, because of the
decline in capital, intermediaries reduce supply
of funds to firms in order to meet the mini-
mum capital requirement ratio. This leads to
the reduction of deposits that intermediaries
can obtain from households, which in turn fur-
ther reduces supply of funds. The shock to the
financial sector then affects real economic ac-
tivity as the decline in aggregate supply of
funds to the production sector leads to a fall in
aggregate investment. This causes a drop in
aggregate output and in consumption of house-
holds.

As Figure 1 illustrates, the raise in the
steady-state minimum capital requirement ra-
tio with the counter-cyclical minimum capital
requirement regime significantly moderates the
severity of the recession. The prime reason is
that financial intermediaries can release extra
capital required by the raise in the steady-state
minimum capital requirement ratio, because

the government lowers the minimum capital
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requirement ratio under the counter-cyclical
minimum capital requirement regime. This re-
duces the necessity to contract lending and
build new capital when intermediaries incur
losses on capital. Mitigating the fall in the ag-

gregate supply of funds to the production sec-

Output

Households' Consumption

tor then leads to modest decline in both aggre-
gate investment and output.

Without the counter-cyclical capital require-
ment regime, the raise in the steady-state
minimum capital requirement ratio has only

slight effects on the declines in aggregate in-

Firms' Profits

0 0.002
-0.001 0.001 %
-0.005 y
-0.002 b 0 '
: -0.01
kY 7
-0.003 N\ *4.).,‘ -0.001
-0.004 -0.002 -0.015
0 20 40 0 20 40 0 20 40
Dividend Payments Loans 0 Deposits
-0.02 |\ -0.02 {\
-0.04 -0.04
-0.06 -0.06
04l -0.08 -0.08
0 20 40 0 0
Real E: Pri
0.002 . eal Estate Prices 0 0.008
0.001 -0.01 . 0.006
0 -0.02+: )
0.004f ;
-0.001 -0.03 ;
-0.002 -0.04 0.002
-0.003 -0.05 0
0 20 40 0 20 40 0 20 40
i 0.2 4Capltal Requirement ratio
-0.0005 0.122
-0.001
0.12
-0.0015
20,0021 0.118
{
-0.0025 0.116
0 20 0 0 20 40
Counter-cyclical — — — No Counter-cyclical - Baseline

Figure 1: Impulse responses to a redistribution shock. Note: Each variable is shown in log-deviations from its

steady-state value except for the capital requirement ratio,

which is shown at its level.



FEPRHEEE 67 8% 1

vestment, output, and household consumption.
In this case, extra capital does not work as a
buffer because intermediaries have to rebuild
capital and reduce lending to meet the mini-
mum capital requirement ratio.

Figure 2 considers two different values of

< 275 (20194F)

the counter-cyclical coefficient in the capital re-
quirement rule. Note first that the aggressive
adjustments of the minimum capital require-
ment ratio further moderate the severity of the
recession. In the case of the counter-cyclical co-
efficient of —0.2 (shown by the solid line), the

Output

Households' Consumption

Firms' Profits

-0.001 0.001= -0.002
-0.0015 0.0005 -0.004 3
-0.002 0 -0.006
-0.0025}" -0.0005 -0.008 :
-0.003 -0.001 -0.01
-0.0035 -0.0015 -0.012
0 20 40 0 20 40 0 20 40
0 Dividend Payments 0 Loans 0 Deposits
) \
-0.02 -0.02
004} 004}
. -0.06 -0.06
03k -0.08 -0.08
0 20 40 0 20 40 0 20 40
0.002 Real Estate Prices 0 Firms' Real Estate 0. 008Households Real Estate
0.001 ‘ -0.01 0.006
0 0.02}: :
0.004} :
-0.001 -0.03 i
0002} . -0.04 0002
-0.003 -0.05 0
0 20 40 0 20 40 0 20 40
0 Labor 0.12 5Capltal Requirement ratio
-0.0005
-0.001 0-12
-0.0015 / 0.115
-0.002
-0.0025L 0.1
0 20 40 0 20 40
| — Aggressive (m=-0.2) — — —Moderate (m =-0.1 ) No Counter-cyclical

Figure 2: Impulse responses to a redistribution shock in a model with m of-0.2 and with m of -0.1. Note: Each
variable is shown in log-deviations from its steady-state value except for the capital requirement ratio, which
is shown at its level.
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declines in both aggregate lending and output
are more modest than in the case of the coeffi-
clent of —0.1 (shown by the dashed line). This
occurs because the aggressive adjustments sub-
stantially loosen the minimum capital require-
ment constraints on financial intermediaries
during a recession.

Second, financial intermediaries decrease divi-
dend payment less when counter-cyclical regu-
lations are in place than when they are not.
The government's loosening of capital require-
ment constraints on intermediaries enables
them to do so.For example, in the case of ag-
(m = —0.2), the initial

decline in dividend payments relative to trend

gressive adjustments

is approximately eight percent smaller than in
the case of no adjustments of the minimum
capital requirement ratio (shown by the dotted

line).

3. Welfare effects of counter-cyclical minimum
capital requirements

We now quantify the effects of counter-cyclical
minimum capital requirements on the welfare
of households, entrepreneurs, and bankers, re-
spectively. Following Rubio and Carrasco-
Gallego (2016), the welfare criterion, which we
consider, is the function that explains the pref-
erence of a representative agent. Specifically,
we define the welfare criterion of households,
entrepreneurs, and bankers, respectively, as fol-

lows:

Wy, = E{Y B [(1—-n)In(C,—nC,_)+

jlnHHverhln(lst)]}, (27)

W, = E,{ 2.8 'In cb} (28)
s=t

W, = E{Y 85 'In Gy, ). (29
s=t

We write each welfare criterion in recursive

form:

Wy, = A—mIn(C,—nC,_) +jIn Hy,+
hIn(1—N) +BLE, Wy, ), (30)

W, = In Cp B E(Wy,11), (31)
W, = In CB,tJ'_BBEt(WB‘Hrl)' (32)

We use Egs. (30)-(32) to express each welfare
criterion as a function of the state variables
and the redistribution shock. Then we consider
a recession scenario and numerically calculate
the value of Wy,,, W,, and Wy,. In doing these
calculations, we take as given the steady-state
minimum capital requirement ratio of 12.5%
and the realization of the disturbance /, in Eq.
(26) of one standard deviation at period ¢ = 0.
We consider a range of values for the counter-
cyclical coefficient m.

Figure 3 considers values of m ranging from
—0.2 to zero. A higher value of the counter-
cyclical coefficient m implies less aggressive ad-
justments of the minimum capital requirement
ratio.

The top left panel illustrates the net welfare
effects of counter-cyclical minimum capital re-
quirements on households. In the range of val-
ues for the counter-cyclical coefficient m from
—0.2 to —0.13, the net benefits for households
from counter-cyclical minimum capital require-
ments increase as the value of the counter-
cyclical coefficient increases. This is because, as
adjustments of the minimum capital require-
ment ratio become less aggressive, the quantity
of real estate held by households increases
more sharply. As counter-cyclical minimum
capital requirements become less aggressive
during a recession, the decline in the credit
supply to the production sector becomes more
severe. The decline in the credit supply leads to
the reduction of the quantity of firms' real es-
tate, which in turn leads to the decline in the
real estate prices. Then, as the real estate
prices fall more sharply, the demand for real
estate in the unproductive sector (i.e., house-
hold sector) increases.

When the counter-cyclical coefficient is more
than —0.12, the net benefits for households de-
crease as the value of the counter-cyclical coef-
ficient increases. The reason 1is that the
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benefits from counter-cyclical minimum capital
requirements of moderating the contraction of
households'

ments of the minimum capital requirement ra-

consumption decrease as adjust-

tio become less aggressive.

In addition, a higher value of counter-cyclical
coefficient makes counter-cyclical minimum
capital requirements less effective to stabilize
the fall in entrepreneurs' profits. The top right
panel of figure ¥ref{figwel} shows how the

benefits for entrepreneurs from counter-cyclical
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Figure 3: Welfare

and bankers. Note: Each variable is shown at its level.

0

minimum capital requirements decrease as the
counter-cyclical coefficient increases.

The bottom left panel of figure 3 illustrates
that the benefits for bankers from counter-
cyclical minimum capital requirements decrease
with the
cyclical coefficient. A higher value of counter-

increase in the value of counter-
cyclical coefficient makes minimum capital re-
quirements on financial intermediaries being
more tight during a recession. Thus, intermedi-
aries decrease dividend payments more in the

-69.825 il
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effects for different values of the counter-cyclical coefficient on households, entrepreneurs,
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wake of the redistribution shock as the value
of counter-cyclical coefficient becomes higher.

4. Taxation on capital distributions

Within the model economy, there is a motive
for a scheme that discourages financial inter-
mediaries from paying dividends to their man-
agers during a recession. As we noted earlier,
distribute  their
smooth the decline in dividend payments when

intermediaries capital to
a redistribution shock occurs. If intermediaries
reduce dividend payments more, their capital is
more retained, thus dampening the decline in
supply of funds to the production sector of the
economy. However, individual intermediary
does not take account of this fact when it
chooses its dividend payments.

We now proceed to illustrate the effects of a
scheme that works to lower incentive of finan-
cial intermediaries to distribute their capital
during a recession. In particular, we suppose
that the government imposes tax of 7, per unit
of dividend payments of intermediaries and of-
fers them a lump sum subsidy of $T_t$.

The capital of a representative intermediary is

now given by

Cap, = R, L, \—R, D, —
(1+7)Cpy—acy, +T,—¢, (33)

where the intermediary takes 7, and 7, as
given. We suppose that the government fully
finances the aggregate lump sum subsidy with
total tax revenues in order that the net effect
of the tax scheme on capital of intermediaries
is zero. This tax scheme, however, lowers the
attractiveness to the intermediary of paying
dividends to its manager.

Furthermore, we suppose that the tax rate
7, is set equal to zero in the steady state and
varies in response to the change in the capital-
to-asset ratio of a representative financial in-
termediary, according to the following taxation
rule:

T = ,O[ cap,

L 7(177>] with 0 <0 (34)

where p is the feedback coefficient. Eq. (34)
states that the government imposes tax on di-
vided payments of the intermediary only when
its capital-to-asset ratio goes below its steady-
state value, namely the feedback parameter o is
negative.

The tax scheme which we consider has some-
thing in common with the capital distribution
constraints, which is introduced in the macro-
prudential capital requirement regimes of Basel
IIT reforms.” The tax scheme reduces dividend
payments of an intermediary only when its
capital-to-asset ratio falls below its steady-
state value. In this respect, it works as capital
distribution constraints.

In Figure 4, we then re-consider the effects
of counter-cyclical capital requirement regula-
tions, but in this time, the government imposes
tax on dividend payments of financial interme-
diaries during the recession.” We choose the
value of the feedback coefficient o in the taxa-
tion rule (34) of —200. Note that introducing
the tax scheme significantly enhances the sta-
bilizing effects of counter-cyclical capital re-
quirement regulations on the declines in the
aggregate supply of credit, aggregate invest-
ment, and household consumption. In particu-
lar, the moderate adjustments of the capital re-
quirement ratio with m of —0.1 (shown by
solid line) with the tax scheme moderate the
downturn more than the aggressive adjust-
ments without the tax scheme do (shown by
dashed line). In case that the tax scheme is in
place, financial intermediaries use more capital
not for smoothing the decline in dividend pay-
ments but for supplying funds to firms than
they do in the case without the tax scheme.

In this instance, the tax scheme significantly
changes the dynamics of the aggregate output.
When the government taxes dividend pay-
ments, output drops more initially than when
the government does not, although output re-
covers more quickly. The sharp fall in dividend
payments leads to the rapid decline in the de-
mand for final goods in financial sector, which
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in turn leads to the initial decline in output. the stabilizing effects of counter-cyclical capital
Because the wage rate falls due to the fall in requirement regulations on the declines in the
output, households reduce supply of labor and aggregate investment, the quantity of output
increase consumption during the initial period returns to its steady-state value more quickly
of the recession. Since the tax scheme enhances than when the government does not tax divi-
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Figure 4: Impulse responses to a redistribution shock in a model with the tax scheme and without it. Note: Each
variable is shown in log-deviations from its steady-state value except for the capital requirement ratio and the
tax rate, which are shown at their level.
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dend payments.

Figure 5 presents the welfare effects of the
tax scheme on households, entrepreneurs, and
bankers. We take as given the counter-cyclical
minimum capital requirement rule (with the
counter-cyclical coefficient of —0.1) for setting
the minimum capital requirement ratios. The
figure considers the values of the feedback co-
—200 to =zero. A

higher value of the feedback coefficient implies

efficient p ranging from

less aggressive adjustments of the tax rate.

As indicated in the bottom left panel of

-100 -50 0

-100 -50 0

-69.78 e

-69.79

-69.8

-69.81

-69.82

-69.83

-69.84 |

-69.85

-200 -150 -100 -50 0

p

entrepreneurs, and

figure 5, the tax scheme has negative welfare
effects on bankers since it discourages financial
intermediaries from paying dividends to their
The top right
panel shows that the benefits for entrepreneurs

bankers during a recession.

from the tax scheme of moderating the fall in
their profits decrease as the feedback coeffi-
cient increases. The top left panel shows the
net welfare effects of the tax scheme on house-
holds. In the range of values for the feedback
coefficient from —200 to —95, the net benefits
for households from the tax scheme decrease as
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the value of the feedback coefficient increases.
The reason is that the benefits from the tax
scheme of moderating the contraction of house-
holds' consumption decrease as adjustments of
the tax rate become less aggressive. When the
feedback coefficient is more than —94, the net
benefits for households increase as the value of
the coefficient increases. This is because, as ad-
justments of the tax rate become less aggres-
sive, the quantity of real estate held by house-
holds increase more sharply.

5. Credit demand shocks

In order to gain some more insight about sta-
bilizing effects of time-varying minimum capi-
tal requirements on the economy, we now con-
sider a shock to the productivity of the
entrepreneurial sector. Such a shock can serve
as a proxy for a credit demand shock. In par-
ticular, we modify Eq. (6) to include the pro-
ductivity of the entrepreneurial sector as fol-

lows:
Y, = AH;, N, (35)

where A, denotes aggregate productivity.
Following Iacoviello (2015), the stochastic proc-

ess for the aggregate productivity is given by
InA,=098InA4,_,—¢,, (36)

where ¢, is distributed N(0,0,), and o, = 0.007.

Figure 6 illustrates the effects of a shock to
the productivity of the entrepreneurial sector.
The productivity shock is the realization of the
disturbance ¢,, in Eq. (36) of one standard de-
viation at period ¢ =0, namely the negative
productivity shock. The solid line gives the re-
sponses of the model economy. We choose the
following parameters of minimum capital re-
quirement regulations: the steady-state mini-
mum capital requirement ratio of 12.5%; and
the counter-cyclical coefficient m in the capital
requirement rule (21) of —0.1. For comparison,
the dashed line gives the responses of the same
model except that the minimum capital re-
quirement ratio is constant and equals to 12.5%

through the time. In the numerical calculation
of this section, we do not consider the tax
scheme which we considered in the previous
section.

The negative productivity shock induces the
decline in labor demand, which in turn leads to
the decline in households' wage income, and
their demand for real estate shrinks. Then, be-
cause of the decline in households' demand for
real estate, the prices of real estate fall. This
leads to the reduction of credit demand because
firms cannot borrow more than a fraction of
the value of real estate that they own. Since
the amount of deposits that intermediaries can
obtain is limited by the amount of their lend-
ing, the negative productivity shock also re-
duces the equilibrium quantity of deposits.

The key point to note is that the slowdown
in the aggregate output—the denominator of
the credit-to-GDP ratio—increases the mini-
mum capital requirement ratio above its
steady-state value during the recession when
counter-cyclical minimum capital requirements
are in place. In this instance, the increase in
the minimum capital requirement ratio tight-
ens the constraints on financial intermediaries.
In order to loosen the constraints and to ob-
tain deposits, which intermediaries can partly
transfer to their owners as dividend payments,
they supply credit more than when counter-
cyclical minimum capital requirements are not
in place.” Although the contraction in lending
is slightly mitigated by the increase in the
minimum capital requirement ratio, this does
not lead to the significant increase in aggre-
gate investment and recovery of output. Thus,
the time-varying minimum capital requirement
rule, which responds to the credit-to-GDP ra-
tio, does not work to mitigate a recession
which is triggered by a negative productivity
shock."
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steady-state value except for the capital requirement ratio,

IV. Conclusions

We consider a DSGE model in which financial

intermediaries are subject to time-varying

minimum capital requirement constraints. We
then use the model to assess how heightened

which is shown at its level.

and time-varying minimum capital require-

ments affect the financial sector and the econ-
omy during a recession. As existing literature

argues, minimum capital requirement con-

straints on intermediaries tighten during a re-

cession, preventing intermediaries from
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supplying funds to the production sector of the
economy. The government then can relax the
constraints by lowering the minimum capital
requirement ratio. However, the counter-
cyclical minimum capital requirement regime
enables financial intermediaries to distribute
more capital to their owners during a recession
than in the time-invariant regime. Our simula-
tion results show that a taxing scheme that
works to lower incentives of intermediaries to
distribute capital significantly enhances the
stabilizing effects of counter-cyclical minimum
capital requirements when a recession is trig-
gered by a negative shock to capital of finan-
clal intermediaries. This evidence partly pro-
vides support for counter-cyclical capital buffer
regulations with capital distribution con-
straints in macro-prudential capital require-
ment regimes introduced in Basel III reforms.

We also illustrate how counter-cyclical mini-
mum capital requirements stabilize credit and
output fluctuations triggered by a negative
productivity shock to entrepreneurial sector.
The counter-cyclical minimum capital require-
ment rule, which responds to the credit-to-GDP
ratio, does not work to mitigate a recession be-
cause the slowdown in the aggregate output—
the denominator of the credit-to-GDP ratio—
increases the minimum capital requirement ra-
tio during a recession. This result suggests
that improvements are required to the current
macro-prudential regimes.

Within our framework, capital requirement
constraints on financial intermediaries are al-
ways binding through the time with reasonable
parameters. Thus, we do not consider precau-
tionary motives of intermediaries to hold more
capital than regulatory minimum for future
losses. In subsequent work, we plan to model
the precautionary motives by considering a
risk-adjusted steady state and/or occasionally
binding constraints in the spirit of (2012) and
Brzoza-Brzezina et al (2015).
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Notes

1) See BCBS (2010b), BCBS (2010), and BCBS (2011)
for details of macro-prudential capital requirement
regimes in Basel III.

2) Clancy and Merola (2017) survey much of this
work.

3) See also lacoviello (2005) for details of the model of
this study.

4) For habit formation, see for example Christiano et
al (2005) and Smets and Wouters (2007).

5) Under our parameter values, capital requirement
constraints on intermediaries are always binding
in neighborhood of the steady state.

6) For details of the credit-to-GDP ratio as a indica-
tor for setting counter-cyclical capital regulations,
see for example Jokivuolle et al (2015).

7) See BCBS (2011) for details of capital distribution
constraints proposed in Basel IIT

8) The solid line shows the responses with the
counter-cyclical coefficient m of —0.1 and with the
feedback coefficient o in the taxation rule (34) of —
200. For comparison, we also plot the instances of
the economy without the tax scheme. The dashed
line shows the responses with m of —0.2, and the
dotted line shows the responses with m of —0.1.

9) Financial intermediaries also use newly obtained
deposits to make loans to firms. This further en-
ables intermediaries to obtain deposits.

10) The taxation rule which we considered in the pre-
vious section also does not work to mitigate a re-
cession in this instance. The reason is intuitive:
the tax rate does not increase above zero because
the government does not lower the minimum capi-
tal requirement ratio.
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