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Abstract: This study re-investigates the money supply determination

process for Japan. The methodology of this study, which differs from E-mail: gocer.ismet@szte. hu
previous studies, is constructed on the assumption of potential non-
linear (asymmetric) relations between money supply and monetary
base via money multiplier. To this aim, the nonlinear autoregressive
distributed lag (ARDL) model by Shin, Yu and Greenwood-Nimmo,
(2014) is applied. This model allows us to examine the endogeneity
and exogeneity of the money supply determination process via the
linkage of the money multiplier under expansionary and contrac-
tionary monetary policies of the Bank of Japan (BOJ) separately in a
nonlinear manner. The main findings of the study indicate that the
money supply determination process is endogenous with an unstable
money multiplier for Japan for M1. However, this endogeneity in the
BOJ’s contractionary monetary policy is more than its expansionary
policy. This can be interpreted that the BOJ’s expansionary monetary
policy has more of a determining role on money supply determina-
tion than its contractionary monetary policy. Additionally, the same
findings indicate that the BOJ has more power to determine M1 than
M2. This result can be interpreted that when the measure of money
broadens the BOJ’s controllability on money supply decreases. In
contrast, in our Canadian study (Ongan and Gocer, 2019) with the
same nonlinear ARDL model, we concluded that the Canadian cen-
tral bank (BOC) was able to determine money supply exogenously
for M1, unlike the Japanese central bank (BOJ), and the money mul-
tiplier was stable for Canada.

Keywords: The money multiplier model, money supply determina-
tion, Exogeneity, Endogeneity, Japan.

JEL Classification: E50, E51, E52, E58.



Journal of Central Banking Theory and Practice

1. Introduction

The Japanese economy has been suffering from prolonged deflation for the last
two decades. To overcome this problem, the Bank of Japan's (BOJ) monetary
policy framework consists of two components. The first is the “yield curve con-
trol” which adopts very low, zero and negative short-term and long-term inter-
est rates. The second is the “inflation-overshooting commitment” which expands
monetary base until the consumer price index (CPI) exceeds 2% and stays above
the targeted rate in a stable manner (BOJ, 2019). Therefore, the controllability
of the monetary base and thereby the controllability of money supply are of big
importance to the BOJ’s monetary policy implementation. If the money multi-
plier is stable, the BOJ may easily control the monetary base and money supply.
This means that the BOJ determines the money supply exogenously. On the other
hand, an unstable money multiplier may cause difficulties for the BOJ to control
the monetary base and money supply, meaning an endogenous money supply
determination process for the bank.

The long-standing discussion about the exogeneity and endogeneity of money
supply was mainly between Monetarists and Post-Keynesians. The Monetarists
(Brunner, 1961; Friedman and Schwartz, 1963; Brunner and Meltzer, 1964) claim
that money supply is determined exogenously by the central banks. However, the
Post-Keynesians (Kaldor, 1982; Moore, 1988; Palley, 1994; Wray, 1995) claim that
the central banks determine money supply endogenously since a country’s mon-
etary base cannot be controllable with an unstable money multiplier. According
to them, economic actors’ different portfolio choices as well as some other factors
in financial markets make the money multiplier changeable and unstable. The
same discussions are also observed on the current empirical studies that do not
give a clear picture of the validity of exogeneity and endogeneity of money supply
for different countries.

Aside from all theoretical discussions, this study aims to empirically re-inves-
tigate the money supply determination process for Japan. This re-investigation
process corresponds to the methodology of this study which makes it different
from the previous empirical studies. Contrary to the previous studies, this meth-
odology is based on the probability of nonlinear (asymmetric) relations between
the money supply and the monetary base via the money multiplier. The ration-
ale of applying this methodology is that the asymmetric information problem
in financial markets and the rising uncertainties in economies cause economic
actors to behave asymmetrically. This means that the relations between the mon-
ey supply and the monetary base via the money multiplier may be in a nonlin-
ear (asymmetric) characteristic. Increases and decreases (corresponding in this
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study to the expansionary and contractionary monetary policies respectively) in
the monetary base by the BOJ may lead to different size or sign impacts on the
money supply in a nonlinear manner. The reason for choosing Japan as the sam-
ple country of this study is two-fold. First, BOJ’s unconventional monetary policy
adopting very low, zero and negative interest rates. These interest rate levels may
easily change the Japanese economic actors’ portfolio choices, causing an unsta-
ble money multiplier. It should be also noted that the term carry trade is usually
applied to describe Japanese housewives’ portfolio choices. They borrow at low
interest rates in Japan and invest in other countries at higher rates. Second, Japa-
nese are defined as one of the highest uncertainty avoidance people by Hofstede
(1980) as per the Uncertainty Avoidance Index (UAI). This index ranks countries
by each society’s tolerance for uncertainty and ambiguity. Considering the re-
sults from this index, sensitivities of the Japanese people to the uncertainties in
the economy may also affect their financial asset selections and thereby cause an
unstable money multiplier. Accordingly, with these two reasons, this study uses
Japan as the sample country of this study to re-investigate the money supply de-
termination process.

The second aim of this study is to test-affirm for Japan the new methodology
that we used for the first time for Canada and to propose using this methodology
in the relevant literature. Therefore, this study, which covers the same period as
our previous Canadian study (Ongan and Gocer, 2019), will allow us to compare
the effectiveness of the Canadian and Japanese central banks in determining the
money supply.

A few empirical studies examined the money supply determination process for
Japan. Many of these supports the endogeneity of money supply for this country.
For instance, Howells and Hussein (1998) applied cointegration and causality
tests for the G7 countries and found endogenous money supply for all countries,
including Japan. Badarudin, Ariff Khalid (2013) used the Vector Error Correc-
tion (VEC) and Trivariate vector autoregression (VAR) models for the G7 coun-
tries and found endogenous money supply for Japan. Nayan, Kadir, Abdullah &
Ahmad (2013) used the system Generalized Method of Moments (GMM) for 177
countries, including Japan, and found endogenous money supply for all coun-
tries. However, Chai and Hahn (2018) used the Toda-Yamamoto Granger non-
causality and the bootstrap tests for seven Asia-Pacific countries and found exog-
enous money supply only for Japan.

This study is organized as follows: Section 2 describes the empirical model and
methodology, Section 3 provides empirical results and Section 4 reviews the con-
cluding remarks.
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2. Empirical Model and Methodology
2.1. Empirical Model

In the re-investigation of the money supply process for Japan, the most used
money multiplier model by Brunner (1961) and Brunner and Meltzer (1964) is
applied.

M = mm* MB 1)

where M is the money supply, mm is the money multiplier and MB is the mon-
etary base. If we rebuild the model in the Eqn.1 for both narrow money (M1) and
broad money (M2), we obtain the following models for M1 and M2:

M1 = mm1l* MB (2)

M2 = mm2 % MB (3)

Money multipliers (mml, mm?2) proportionally link monetary bases to money
supplies (M1, M2). If we rewrite Eqns. 2 and 3 in the logarithmic regression form,
we obtain the following models:

LogM1; = o + a;Logmm1, + a,LogMB; + e, 4)

LogM2, = By + f;Logmm2, + B,LogMB; + e, (5)

where o and f, are logarithms of mm1 and mm2. The conditions of an exogenous
money supply determination processes are stationary (stable) mml and mm?2 and
stationary monetary base (MB), M1, M2 or cointegrated MB with M1, M2 if they
are not stationary at the same order of integration (Khan, 2010; Thenuwara and
Morgan, 2017; Bhatti and Khawaja, 2018). All this means is that « and , must be

zero (logarithms of stable mm1 and mm2 which equal to 1 in the forms of AA:—; =1,
M2 . . : .

w5 = 1) and @, and f3, must be 1, implying one-to-one proportion relations be-
tween M1, M2 and MB. The monthly data of M1, M2 and MB were obtained
from the Bank of Japan (BOJ). The coverages of M1, M2 and MB are provided in

Appendix 1.

2.2. Methodology

For the estimation of potential nonlinear relations in the money supply determi-
nation process for Japan via the money multiplier model, the nonlinear autore-
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gressive distributed lag (ARDL) model by Shin et al. (2014) is applied. This model
decomposes the series to its positive and negative changes. Accordingly, we de-
compose the original monetary base series into increases (MB*) and decreases
(MB). Hence, this decomposition enables us to examine the separate effects of
the changes in MB* and MB- on the money supply. In other words, with this
model we can reveal whether the effects of the changes in MB* and MB-on money
supply are symmetric or asymmetric. Only the same size and the same sign sig-
nificant coefficients of these two will signify symmetric effects on money supply.
Insignificant MB* or MB- or significant but different sign-size coefficients of these
two variables will signify asymmetric effects on the money supply. However, for
the formal decision of asymmetry and symmetry, we apply the Wald test. The de-
composition of MB* and MB- is structured in the following partial sum process:

t t
MBf = ). AMB} = ). max(AMB;, 0)
j=1 j=1
" " ©)
MB; = ). AMB; = Y, min(AMB, 0)
j=1 j=1

The nonlinear ARDL model is the extended version of the linear ARDL model
by Pesaran, Shin and Smith's (2001) bounds testing. The nonlinear model for M1
and M2 are separately given in the following error correction (ECM) forms for
the short-run and long-run effects of MB* and MB- on M1 and M2.

ALogM1, = ay + X}_; ayjALogM1,_j + X1_ azjAlogmml,_j + ¥ asjALogMB ; + ¥5_g as;ALogMB;_; +

asLogM1._; + aglogmml,_; + a;LogMB{; + agLogMB;_; + e, (7)

ALogM2, = By + X5y P1jALogM2,_; + X 1_ BojALogmm2,_j + Yo BsjALogMBE ; + 35_o By jALOgMB_; +
BsLogM2,_y + fsLogmm2,_; + ,LogMB; ; + PgLogMB;_; + & (8)

The long-run effects of increases (MB*) and decreases (MB") in monetary base
on M1 and M2 are determined with the sizes-signs and significances of -a., / a, ,
-a,/ o, and -f./ B, -B,/ Brespectively in Eqns. 7 and 8. Similarly, the short-run
effects of increases (MB") and decreases (MB°) in monetary base on M1 and M2
are determined with the sizes-signs and significances of X7 @3, Xj=0 ®4;j and
Yi=0B3j, Xj=0 Paj respectively in the same equations.

In the next section, we will pursue the following steps. First, we apply the station-
ary test and, if the series are stationary, we then apply the cointegration test. The
final step is to apply the nonlinear ARDL model for the estimated results.
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3. Empirical Results

To make sure whether the time series variables are stationary, we apply Vogelsang
and Perron (1998) Augmented Dickey Fuller (ADF) unit root tests with struc-
tural breaks. The results of the unit root tests are reported in Table 1.

Table 1: Vogelsang and Perron ADF Unit Root Test Results

Level First Difference
Prob. Structural Break Date Prob. Structural Break Date
LogM1 099 2012:M11 0.00*** 2003:M12
LogM?2 0.99 2012:M11 0.00%** 2004:M04
LogMB 017 2012:M11 0.00%** 2004:M06
LogMB* 0.53 2011:M02 0.00%** 2004:M09
LogMB 0.06* 2006:M01 - -

Note: ***, ** and * denote statistical significances at 1%, 5%, and 10% level, respectively. The
optimal lags were automatically selected by using the Modified Akaike Information Criterion.
The found structural breaks in 2004 and 2012 correspond to the following years of zero
interest rate, quantitative-qualitative monetary easing (QQE) and comprehensive monetary
easing policies by the BOJ.

The test results in Table 1 indicate that all series except LogMB  are I(1).
Hence, for an exogenous money supply determination process, M1 - M2 must
be cointegrated with MB. To this aim, we apply bounds testing by Pesaran et al.
(2001). The test results of bounds testing are reported in Table 2.

Table 2: Test Results of Bounds Testing

Dependent Critical Values
Variable k F stat. 10 Bound 11 Bound
10% 5% 1% 10% 5% 19%
LogM1 2 677 263 3] 413 335 387 5
LogM2 2 496% 263 3] 413 335 387 5

Note: k is number of regressors. *** and **; denotes cointegration at the 1% and 5%
significance level, respectively.

The test results in Table 2 indicate that the series are cointegrated in the long-run
since the calculated F-statistics are over the critical values. The estimated coef-
ficients of the nonlinear ARDL model in both the short-run and long-run with
diagnostic tests are reported in Table 3.
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Table 3: Nonlinear ARDL Model Estimation Results

Dependent Variable: (M1) Dependent Variable: (M2)
Variable Coef. Prob. Variable Coef. Prob.
Short-Run Coefficients
ALogMB*,, -0.27%%* 0.00 ALogMB*, 0.06*** 0.00
LogMB" -0.33%%* 0.00 ALogMB"*,, - -
ALogMB' -0.25%% 0.00 LogMB' - -
ALogMB*, -0.18%* 0.03 ALogMB*, , -0.17%* 0.00
ALogMB*, -0.24%** 0.00 ALogMB*, -0.16%** 0.00
ALogMB*t_7 -0.32%** 0.00 ALOgMB*M -0.16%** 0.00
ALogMB, | -0.28*** 0.00 ALogMB*, -0.11%%% 0.00
ALogMB’_ | -033** 0.00 ALogMB' -0.11%%% 0.00
ALogMB', -0.60%** 0.00 ALogMB" -0.10%*% 0.00
ALogMB-,, -0.34% 0.01 ALogMB", | - -
ALogMB-,,, -0.38%* 0.00 ALogMB* | - -
ALogMB:, | -0.41%%% 0.00 ALogMB - -
ALogMB -0.48%%* 0.00
ALogMB - -
ALogMB-, 0.55% 001
ALogMB', | - -
ALogMB-, , 0.53%** 0.00
ECT,, -0.14%%x 0.00 ECT,, -0.164% 0.00
Normalized Long-Run Coefficients
LogMB*, 0.21%** 0.00 LogMB*, 0.17%x* 0.00
LogMB', 0.02%* 0.01 LogMB-, 0.09 0.12
Constant 15.33%%* 0.00 Constant 15.75%%* 0.00
Short-Run Coefficients
T T
> a;ALogMB} 2 2400 .92 > ByjALogMB} 07244 847"
]SO ]SO
Z ay;ALogMB; -1.74%%% -6.43" Z BajALogMBL 0.60%** 2.57¢
j=0 j=0
Diagnostic Tests
Test Stat. Prob. Test Stat. Prob.
R? 099 - R? 099 -
Adj. R? 099 - Adj. R? 099 -
DW 1.96 - DW 214 -
X2 0.006 093 X2 2.86 0.09
X2, 210 015 X2, - -
X0 3.20 0.20 X0 0.98 061
X2 1953 007 X2 8.01 0.88
F 37599 0.00 F 4276.66 0.00
i 433748 0.00 W, 279170 0.00
Wy, 10147 0.00 Wi, 3538 0.00
EG -1.66 0.08 EG -1.74 0.07

MA MAX

Note: *** ** and * denote statistical significances at 1%, 5% and 10% levels, respectively. W, and W, are
long and short-run Wald tests. Critical t-table values are 2.32, 1.64 and 1.28 for 1%, 5% and 10%. # denotes
t- statistic. Normalized long-run coefficients are obtained from ALogMB*, = -a.,/ ., ALogMB", = -a,/ a

for M1 and ALogMB*,=-f3.,/ ;, ALogMB", = -/ 5 for M2. We reject the null hypothesis of “thereis a

symmetric relation” since P-values of W, and W, for both M1 and M2 are <0.10
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The normalized estimates in Table 3 indicate that both increases (MB*) and de-
creases (MB") in the monetary base have cointegrated relation with M1 in the
long run since their coefficients are significant at 1% and 5% levels. However,
their estimated coefficient values are far lower than 1, which denotes less than
one-to-one cointegrated proportional relation. This implies an unstable money
multiplier and endogenous money supply determination for the BOJ in the long
run. Yet, the coeflicient of MB" is much higher than the coefficient of MB". This
can be interpreted that the BOJ’s expansionary monetary policy has more of a
determining role on the money supply determination than its contractionary
monetary policy. In the same way, only the BOJ’s expansionary monetary policy
(MB*) has impact on M2 since its coefficient is significant. Furthermore, the com-
parative results indicate that the BOJ’s expansionary monetary policy (MB") has
more of a determining role on M1 with 0.21 than M2 with 0.11. This result can be
interpreted that when the measure of money narrows, the BOJ’s controllability
on money supply increases. The short-run estimates indicate that both increases
(MB*) and decreases (MB-) in monetary base have proportional cointegrated re-
lations with M1 and M2 since their coefficients are significant. However, their co-
efficients are far higher or lower than 1, signifying an unstable money multiplier
and an endogenous money supply determination for the BOJ in the short run.
The negative and significant ECT coeflicients confirm that short-run deviations
converge to long-run equilibrium for M1 and M2. The long-run (W, ,) and short-
run (W) Wald statistics confirm that both increases (MB") and decreases (MB")
in monetary base have asymmetric (nonlinear) impacts on M1 and M2. This is
because (-a,/a,) # (-a,/ a,) and Xj=o a3; # Xj-q a4 for M1 and (-4,/ ) # (-B,/ )
and Xj-o a3 # Xj=o Bs; for M2.

To introduce the new methodology of this study in the relevant literature and
suggest its use, we compared the empirical results of this study with our Cana-
dian study (Ongan and Gocer, 2019), in which we used the same nonlinear ARDL
model. In Table 4, we present the empirical findings of the Canadian study for
this purpose.
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Table 4: Nonlinear ARDL Model Estimation Results for Canada

Dependent Variable (M1)

Dependent Variable (M2)

Variable Coef. t-st. Variable Coef. t-st.
LogM1,, -0.022581 -1.13 LogM2 | -0.007214 -1.94
LogMB~ 0.021437 0.79 LogMB~ 0.003457%** 2.60
LogMB -0.099277** -2.24 LogMB 0.003798 0.16
ALogM1,, 0.13** 240 ALogM2, , 0.044664 1.15
ALogM1, -0.18*** 292 ALogM2, , -0.046662 -1.23
ALogM1,, 0154 276 ALogM2, 0133 667*** 3.52
ALogM1, 009 1.74 ALogM2, -0.055557 146
ALogM1, -0.20%%* 341 ALogMB®, 0.021279** 239
ALogMB*, 0.36%** 400.95 ALogMB* 0.028404** 2.37
ALogMB*, 0.19%* 217 ALogMB*, | -0.013998 -1.19
ALogMB" 012 1.56 ALogMB" -0.015856 -1.67
ALogMB",, 014 168 ALogMB",, -0.020910%* 212
ALogMB-,, 0.17 1.79 ALogMB",, -0.021958** 246
ALogMB',, 016 156 ALogMB',, 0025333 1.05
ALogMB', 0.11 1.22 ALogMB',, 0.029728 1.25
Constant 0.125454 1.16 Constant 0.067100** 2.07
ECT,, -0.81%% -278.89 ECT,, -0.31%%% -8.66

Normalized Long-Run Coefficients
LogMB*, 0.94** 2.52 LogMB*, 0.477%* 2.80
LogMB', -4.39 -1.74 LogMB', 0.52 091
Short Run-Coefficients
q q
Y. a,;ALogMB; 0.83%% 578 Y. az;ALogMB; -0023 121
j=0 j=0
T r
Y. asALogMB; 0447 262 Y. as;ALogMB; 0055 153
j=0 j=0
Diagnostic Tests

Test Stat. Prob. Test Stat. Prob.
R? 099 - R? 0.25 -
Adj. R? 099 - Adj. R? 0.20 -
DW 1.53 - DW 1.69 -
X2 0.00%%% 1.00 X2 5.30%% 0.15
X2, 0.10%** 074 X2 3.85 0,01
Xy 2542 0.00 X200 182.59 0.00
X200 2371+ 007 X2 13.87%%% 053
F 12751.55%** 0.00 F 4.54%%% 0.00
W, 248 2484 L 0.047 o.M
W, 039 178 W, -0.078** -2.03¢
EG S11.73%** 0.00 EG -5.41%** 0.00

MAX

Note: *** and ** denote statistical significances at 1% and 5% levels, respectively. W,,and W,

are long and short-run Wald tests. Critical t-table values are 2.57 and 1.96 for 1% and 5%. #

denotes t- statistic.

257
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The normalized estimates in Table 4 indicated that Canada’s central bank (BOC)
determines money supply exogenously for M1 since MB" is close to 1 (one-to-one
relation), implying a stable money multiplier. However, this determination is en-
dogenous for M1 through MB-and for M2 through MB*. On the other hand, the
Japanese central bank’s (BOJ) neither expansionary (MB") nor contractionary
(MB) monetary policy, the money supply is determined exogenously. This result
may stem from low-zero and negative interest rates in Japan for a long time. The
test results of Japan and Canada studies in Tables 3 and 4 reveal that the proposed
methodology provides these central banks with crucial information on how they
can determine their money supply processes in their expansionary and contrac-
tionary monetary policies separately.

4. Concluding Remarks

In-depth analysis of the money supply determination process is crucially impor-
tant for the Bank of Japan’s monetary policy implementation. Since the bank’s
unconventional monetary policy with very low-zero and negative interest rates
may easily affect and change the structure of asset portfolios of economic ac-
tors, the money multiplier in Japan can be very changeable and unstable, mak-
ing the money supply uncontrollable (endogenous) for the BO]J. In addition to
this, the Japanese people’s high uncertainty avoidance behavioral characteristics
may also be determinative on their changing portfolio preferences. Therefore,
all these factors and the asymmetric information problems in financial markets
may cause the Japanese economic actors to behave asymmetrically (nonlinearly).
Accordingly, this study re-investigates the money supply determination process
for Japan from this methodological perspective which assumes that there may
be asymmetric (nonlinear) relations between the monetary base and the money
supply via the linkage of the money multiplier. To detect this potential nonlinear
relation, the nonlinear ARDL model is applied. This model decomposes the series
into its positive and negative changes. Accordingly, we decompose the original
monetary base series into increases (MB*) and decreases (MB").

This re-investigation methodology may give more exact information to the BOJ
about how the money supply responds to its expansionary and contractionary
monetary policies separately. The empirical findings of this study reveal that
money supply determination process in Japan is endogenous both in the BOJ’s
expansionary and contractionary monetary policies. However, this endogeneity
in the BOJ’s contractionary monetary policy is more than its expansionary poli-
cy. This can be interpreted that the BOJ’s expansionary monetary policy has more
of a determining role on money supply determination than its contractionary
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monetary policy. Furthermore, the BOJ has more power to determine M1 than
M2. This signifies that when the measure of money narrows, the BOJ’s control-
lability on money supply increase.

The contribution of this study with the compared Canada study to the related
literature is to propose analyzing the endogeneity and exogeneity of the money
supply determination process via the money multiplier under expansionary and
contractionary monetary policies separately in a nonlinear manner. All these
findings may provide more and detailed information to the BOJ and BOC while
they implement their monetary policies more proactively and predictably.
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count Balances

M1 = currency in circulation + deposit money deposited at depository institu-
tions

M2= currency in circulation + deposits deposited at domestically licensed banks,
etc. ("domestically licensed banks, etc." indicates the same range of financial in-
stitutions stipulated as "M2+CDs depository institutions” in the former statis-
tics). The data sample period is between 2003M4-2019M01.



