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Bank run at
Bank name Obs. eqm  Best  Wells Fargo  Bank of America JP Morgan  Citi
Insured interest rate
JP Morgan 1.73 0.98 2.46 2.65 10.48 3.17
Bank of America 1.98 1.53 2.13 7.34 2.44 2.46
Wells Fargo 2.13 2.05 10.05 3.06 3.57 3.68
Citi 2.23 2.11 3.01 3.21 3.72 12.26
Wachovia 2.08 2.04 2.59 2.62 2.93 2.08
Uninsured interest rate
JP Morgan 1.73 (.94 241 2.56 20.35 3.02
Bank of America 1.97 1.4 1.94 11.43 2.23 2.24
Wells Fargo 2.32 2.25 17.41 3.21 3.71 3.81
Citi 2.23 2.13 2.94 3.09 3.52 24.35
Wachovia 2.23 2.19 2.67 2.71 3.00 3.04
Default probability
JP Morgan 1.5 0.19 2.86 3.29 48.35 4.36
Bank of America 1.82 0.03 1.85 53.33 3.27 3.40
Wells Fargo 1.5 1.34 46.61 3.56 4.81 5.06
Citi 2.11 1.92 3.36 3.74 4.62 48.19
Wachovia 3.28 3.14 4.75 4.92 5.96 6.13




® 2 Atk ot

Bank run at

Bank name Obs. eqm Wells Fargo Bank of America JP Morgan  Citi

Insured interest rate
JP Morgan 0.20 1.70 1.88 8.35 2.43
Bank of America 0.98 0.98 6.39 1.35 1.35
Wells Fargo 0.40 6.64 1.30 1.61 1.65
Citi 0.80 1.93 2.15 2.58 10.85

Uninsured interest rate

JP Morgan 0.20 1.57 1.70 19.57 2.18
Bank of America 0.84 0.84 12.39 1.16 1.16
Wells Fargo 0.20 12.77 1.18 1.47 1.50
Citi 0.80 1.81 1.98 2.34 23.15

Default probability
JP Morgan 0.84 3.22 3.56 41.44 4.52
Bank of America 2.22 3.64 48.00 4.82 4.79
Wells Fargo 2.29 45.13 4.55 5.45 5.51
Citi 1.70 3.48 3.86 4.61 47.03

3 AffEIROBENIC B T 2 REE

Bank name

Obs. eqm  Wells Fargo

Bank run at

Bank of America

JP Morgan Citi

Without mergers
Insurance Cost
Social Welfare
With mergers
Insurance Cost
Social Welfare

13.7 1080.8
0.0 -1143.11

14.00 935.94

81.73 -1029.35

979.3
-1205.73

981.17
-1122.08

1085.5 1117.3
-1333.02  -1365.18

952.76 1096.69
-1088.26  -1257.94
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1.Introduction

Mergers play important role in the banking industry of the United States. In the 1990s,
there have been more than 500 mergers each year, and as a result, the number of banks

decrease from approximately 16,000 to 6,600.

Since the model in this paper is a partial equilibrium model, the social welfare in this paper
is defined as a sum of consumer surplus, equity value of banks, and deposit insurance costs.
While mergers may lower competition in the banking sector and harm consumer surplus,
they may improve profitability of the merged bank and decrease default probabilities. This
leads to stabilizing the whole banking sector as a failure of individual bank may result in a
crisis of the whole banking sector. So lower competition may increase social welfare by

increasing equity value of banks and decreasing deposit insurance costs.

In this paper, we develop a framework to study the effect of a merger in the banking
industry on social welfare by taking into an account the instable financial system. To do so,
we use the structural model of imperfect competition in the banking sector with a bank run

developed by Egan et al. (2017) and calibrate the parameters before and after the merger.

We use the calibrated model to study the merger between Wells Fargo and Wachovia in
2009. According to the result, the social welfare is higher after the merger. One of the
reason that social welfare after the merger is higher could be because after the merger, the

financial system is stabilized, and the deposit insurance cost is lowered.

This paper contributes to the literature of the structural models of banking sector. Corbae
and D’Erasmo (2013) builds a banking industry dynamics model with imperfect competition
in the banking sector. Corbae and D’Erasmo (2021) use this model to study the effect of
capital requirement on the banking sector, and Corbae et al. (2018) conduct a stress test of
banking industry. Egan et al. (2017) build a simple model of imperfect competition in the
banking sector with possibilities of bank runs. We contribute to this literature by applying

the structural model of banking sector to banking mergers.



This paper is related to the empirical analysis of banking mergers. Bergers et al (1999)
summarizes the earlier literature. Several studies (Sapienza (2002), Montoriol-Garriga
(2008), and Ere (2011), among others) use contract level data of bank loans to study the
effect of bank merger on loans. Uchino and Uesugi (2012) studies the effect of the merger
between Bank of Tokyo-Mitsubishi and UF] Bank in 2005 on the availability of funds for
firms. Our paper contributes to this literature by developing a structural model of banking
mergers for a counterfactual analysis, which is difficult to conduct with observational data.
Akkus et al. (2016) estimated the matching function of acquirer and target banks in the
merger market. Although their model is also structural, their focus is on the relationship
between acquirer and target bank, rather than the merger and its implication on the

financial system.

Ino and Matsuki (2020) studied the welfare effect of bank mergers using a structural model
of imperfect competition in the banking sector. Their analysis assumed that the loan profit
and cost parameters are the same before and after a merger. In this paper, we analyse how a
merger changes these parameters by calibrating the model to the data before and after the

merger.

The paper is organized as follows. Section 2 explains the data we use in this paper. Section 3
lays out a structural model of imperfect competition in the banking sector with bank runs.
Section 4 describes the calibration procedure of the model parameters. Section 5 discusses
how the merger between Wells Fargo and Wachovia affect the equilibrium allocation and

social welfare. Section 6 concludes.

7. Data

This study uses the following four datasets on financial institutions in the United States.

® Deposit data from the FDIC



® CDS data from Markit
® Merger data from Federal Reserve Bank of Chicago
® Interest rate data from RateWatch

® Merger Data from Federal Reserve Bank of Chicago

For FDIC, Merger data, and interest rate we have the same identifier for a bank, RSSD
number assigned by the Federal Researve. We don’t have such identifier in the CDS data so

we tried to match the data using the bank names. We describe the data below.

2.1 FDIC Data

We use Statistics on Depository Institutions issued by The Federal Deposit Insurance
Corporation (FDIC). This data holds a number of variables related to financials, including
the amount of deposits at financial institutions. In this study we use, among others, total
deposits and FDIC-insured deposits. Since we know the total deposit of a bank, by
subtracting the amount of FDIC-insured deposits from the amount of total deposits, we can
compute the amount of non-FDIC-insured deposits. Using these data, we compute the

market share of a bank in FDIC-insured and non-FDIC-insured deposit markets.

To investigate the size of each merger recorded in the merger data, we use RSSD 1D to link
this data to the FDIC data, and then Non-Survivor and Survivor deposits are merged. We
use the deposit amounts immediately before the merger as representative values. In this

process we eliminate irregular records.

A scatterplot of Non-Survivor and Survivor deposits for each merger is shown in the figure
below. The horizontal axis represents the deposits of the Non-Survivor and the vertical axis
represents the deposits of the Survivor. Both values are logarithmic. The red line in the

figure represents the 45-degree line. This plot shows that Survivor is approximately larger



than Non-Survivor for each merger and mergers are assortative matching.
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Figure 1: Relationship between survivor and target bank; deposit

We further examine the size of the mergers. Table 6 describes the top 15 mergers by
Survivor deposit size. For some mergers, we see considerable asymmetry in the size of
deposits. Table 7 shows the top 15 mergers by deposit size for Non-Survivor. This table
gives a better indication of the size of the mergers. The top-ranked merger case is the

merger between Wachovia and Wells Fargo. We will focus on this merger first.

2.2 CDS Data

We purchased the CDS data from Markit. This data records daily CDS spreads for financial
institutions. We follow the EHM and use the spread of CDS with a 5-year maturity for the
calculation of the probability of bankruptcy. We have already processed the data and have
calculated the average monthly spread for each financial institution. We follow Hull(2012)

to convert the CDS spread to default probabilities of banks.



The simple average of the spread plotted over the range we have is shown below. The
numbers are roughly stable through 2007, but we see that the values have jumped since mid-
2007, reflecting the financial turmoil and the Lehman Brothers collapse. This reflects the

increase in the probability of bankruptcy of financial institutions.

2.3 RateWatch Data

We use the interest rate data provided by RateWatch. This dataset contains daily data of
bank-level deposit rates for many deposit types, including the one-year certificate of deposit
(CD) rate with a minimum deposit of $10k and $100k. From this data, we obtain insured
and uninsured deposit rates for each bank. As EHM explains, insured and uninsured deposit
rates are not directly recorded. As with EHM, the one-year certificate of deposit (CD) rate
with a minimum deposit of $10k is considered as the insured deposit rate because this
deposit is subject to deposit insurance. The one-year CD rate with a minimum deposit of
$100k is considered as the uninsured deposit rate because this deposit is not subject to
deposit insurance at that time. Monthly interest rates for each financial institution and

deposit type were calculated by taking the median of the daily rates.

2.4 Merger Data

The data includes merger date, Non-Survivor RSSD ID and name, Survivor RSSD ID and
name, etc. On the other hand, this data does not contain financial data such as deposit
amounts. For this reason, the FDIC data will also be used. In this study we didn’t use this

data set directly, but we can extend our approach to more broad cases using this dataset.
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Figure 2: Average CDS spread

3. The model

The model in this paper is based on Egan et al. (2017). Time is discrete and continues
forever. There are tree types of agents in this model: a mass M! of insured depositors, a
mass MV of uninsured depositors, and K banks. Insured and uninsured depositors differ in
the treatment of their deposit when a bank defaults: the deposit of uninsured deposit cannot
be salvaged, while the one of the insured depositors will be fully salvaged. The timing of the

model in each period is as follows.

1. Eachbank k chooses interest rates for insured and uninsured deposits, if , if';.
2. Depositors choose where to deposit.

3. Banks make loans and profit shocks realize.

4. Banks choose whether to repay deposits or default.



3.1 Depositors

An uninsured depositor j with type derive utilities from depositing to the bank k as

follows:

1. Interest rate, aViy,,

2. default probabilities, —ypy,,

3. bank specific fixed effect 8%, and
4. 1i.i.d utility shock, s]l\"k't

So the utility the uninsured depositor j will obtain from depositing to the bank k is given

by

N _ NN N, N
Wie = e — PreY + Ok + € r

7y

Insured depositors have a similar preference, but because of the deposit insurance, they do

not lose utilities from default:

ul

— NI I I
ke = O U + o + € k-

We assume that the utility shock is distributed as the type-1 extreme value. Then given the

interest rates, the market share can be written as

ex p(a’i,’c't +8})
{(=1 exp(a’i{'t + 6{)

M
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In the following, market share functions omit dependency on interest rate and default

probability to shorten the notation.



3.2 Banks

We assume that the number of bank, K, is exogenously given and constant over time. The
objective of banks is to maximize its equity value. A return on loans is exogenously given as
a stochastic shock by Ry ~ N(j, 0x). In addition to the deposit rate, for insured deposits

banks need to pay insurance costs cy.

Banks have issued a Consol bond in the past, so they need to repay b, every period. This

assumption ensures that banks choose to default with positive probabilities.
The profit function for Bank k at time ¢ is then
T = MISIIc,t(Rk,t —Ck — iIIc,t) + MNSIIcV,t(Rk,t - illg,t)-
Banks do not retain earnings, so they use the net cash inflow m,, — b, to pay dividends.
If a bank chooses to default,
1. equity holders lose their claim on future dividends,
2. the bank is liquidated to repay the depositors and bondholders,

3. exactly the same bank enters into the market so that the market structure does not

change.

The last assumption is unrealistic, but it makes the computation of equilibria very simple by

ensuring that the equilibrium is stationary.

3.2.1 Default choice

Let Ej, denote the expected discounted value of future dividends of Bank k. Banks chooses
to default if amount of capital injection needed to keep operating, m,, — by < 0, is larger

than the future value:



From the definition of the profit function, the left-hand side of the equation above is
monotonically increasing in the loan return shock Ry.. So there is a threshold value of the

loan return shock, Ry, below which banks chooses to default. It is given by

M'sy (R — cr — ik () + MVsy (R, — i¥,) — by + o rEk =0.

After some manipulations, we can obtain the default threshold as a solution to the following

equation:

—M's} (R — ¢ — i) = MNP (R — i) + by =

1 — Ry — 1 —
T (M'sie + MVs},) [uk —Ri+ m( o ")] [1-FR) 3)

3.2.2 Interest rates choice
Banks choose the interest rates before they observe the loan return shock. In addition, banks
will choose to default if the loan return shock is below Rj,. As a result, the Bellman equation

for Bank k can be written as

Ey = I_T,l‘?‘},(f [M'sj (i, iLi) Ry = € = i3) + MV s (i, i, pies PY ) (Rie — 7))

el YRy

1
—by + mEk]dF(Rk)

We can compute the conditional expectation analytically as

R_k—uk
E, = max[M!sL(iL,il + oA —c, — il
k illc'illy[ ke (e 120 | M Kk ox Lk
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The first order condition with respect to the interest rates are given by

dsk(ik, it Ry —
lllc 0 =MIM<MR +0kl< k uk>—ck —lllc> —MIS]IC(i]Ic,iI_k),
0, Ok

. sy (i, 1%, pi, Pk Ry — Mk , N
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We can simplify the equation above to obtain the following equations:

Ry — Hk) " 1
Mg + 0k7\< —Ck T k= — ) (4)
of (1 —sk(@il, l’_k))
R_k — Hg N 1
uk+0k}\( )—lk = — . (5)
Ok ol (1 — sy @, iV, p¥, pll'k))

These equations can be interpreted as follow. The left-hand side is the expected return on

loans minus the cost of loans, which is called the loan markup. These equations tell us that

the loan markup is determined by the market share of the bank, sk, s¥, as well as the

sensitivity of depositors to the interest rate. of,a.

3.3 Equilibrium

An equilibrium in this model is (1) default probabilities py,, (2) default threshold R, (3)
interest rates for insured and uninsured deposits i,’c, i,ﬁ’, and (4) market shares of insured

and uninsured deposit markets si,s¥ , k =1,..,K, such that

1. Depositors choose where to deposit to maximize their utility: (1) and (2)
2. Banks choose default threshold to maximize its equity value: (3)

3. Banks choose interest rates to maximize its equity value: (4) and (5)

4. Depositors’ belief on the default probability is consistent with the default threshold

chosen by banks:



_ R, —
pr = P(Ry < R,) = ‘D< kcrk uk) (6)

There are 6 equations for each bank k, so we have 6K equilibrium conditions in total. The
number of variables we have is also 6K, so we can solve this system of equation to compute

equilibria.

3.4 Financial instability due to self-fulfilling property

This model exhibits financial instability due to self-fulfilling property in the following way.
Suppose that uninsured depositors suddenly believe that Bank k is going to default. Then
they will incur higher deposit rate, or they will withdraw their deposits. To attract deposits,
Bank k should increase deposit rate for uninsured deposits, which leads to lower profit and
higher default probability. As a result, the initial belief that Bank k is going to default can
be correct. Because of this nature, this model is suitable to study the effect of mergers on the

competition and financial stability.

4. Calibrations

In this section, we use the merger between Wells Fargo and Wachovia to study the effect of
a banking merger on the social welfare. We set K =5 (Bank of America, Citibank, JP
Morgan, Wells Fargo, Wachovia) before the merger and K = 4 (Bank of America, Citibank,

JP Morgan, Wells Fargo) after the merger.

We can solve the equilibrium condition to obtain the parameters as a function of data

variables:

1+r Il T I NN
_m(bk_MskM&_MskMk)

(pic + )[R — A(Ri)]

Ok



ce = (i +M3") — (ik + M)

. . -1
Where MZ = 1.0/ (aj (1.0 — sé)) is the loan markup and R, = ® (p,) is the

normalized default thresholds. Using these equations, once we know the value of interest
rates and default probabilities, we can calibrate the loan return and insurance cost
parameters. For the demand side, we use values estimated by Egan et al. (2017). Since their
estimates is based on the data from 2002-2013, we use the same estimates before and after

the merger.

Table 1 summarizes the parameters before the merger. For the equilibrium after the merger,

we re-calibrate the bank specific parameters, (u, ¢y, o).

Parameter value description
vy 58.79 Depositor sensitivity to interest rate (Insured)
N 16.64 Depositor sensitivity to interest rate (Uninsured)
~y -12.60 Depositor sensitivity of bank default
T 0.05 Discount rate
M! 4440000000 Insured deposit market size
MN 4140000000 Uninsured deposit market size
w 0.439 Weighting parameter for merged lending
by | 6547896, 23100000| Consol bond
Ik [0.074, 0.081| Mean return on loans
Cp. [0.046, 0.055] Non-interest cost of loans
Ok [0.11, 0.29] Standard error of loan return

Table 1: Parameter values before the merger

We will use the data after merger to estimate the parameter values after the merger and use
it to compute equilibria and social welfare after the merger. The social welfare of this model
can be computed as follows. Following chapter 3 of Train(2009), under the assumption that
the error term follows i.i.d extreme distributions, we can write the consumer surplus of

depositors as

M M
€S =—rIn Z exp(alil + 8D+ —wn Z exp(ai)' + 8 +vpy)
1=1 =1

The annualized equity value of banks is given by



K
AEV = Z rE,.
=1

Assuming a 40¥% recovery rate, the expected FDIC insurance cost is
K
EC = 0.62 piM!'s].
=1

Then the change in welfare can be computed as

AW = ACS + AAEV — AEC.

Since our model is a partial equilibrium model, we will use it as a social welfare.

5. Numerical results

Using parameter values in the table 1, we can compute equilibria before the merger. Table
2 summarizes the result. In addition to the observed data, we computed some equilibria
where bank run takes place at each bank as well as the best equilibrium in terms of social
welfare. Note that this is not an exhaustive list of equilibria: there can be other equilibria in
this model. This result shows that in March 2008 there are multiple equilibria, and bank
runs was possible, although we didn’t observe it in the reality. In addition, this result shows
a contagion of bank run through competition: when bank run occurs at a bank, it will
increase its deposit rate, and through competition, other banks must increase their deposit
rate. As a result, not only the bank which suffers from the bank run, but also all bank

experience an increase in the default probability.



Bank run at
Bank name Obs. eqm  Best Wells Fargo  Bank of America JP Morgan  Citi
Insured interest rate
JP Morgan 1.73 0.98 2.46 2.65 10.48 3.17
Bank of America 1.98 1.53 213 7.34 2.44 2.46
Wells Fargo 2.13 2.05 10.05 3.06 3.57 3.68
Citi 2.23 2.11 3.01 3.21 3.72 12.26
‘Wachovia 2.08 2.04 2.59 2.62 2.93 2.98
Uninsured interest rate
JP Morgan 1.73 0.94 241 2.56 20.35 3.02
Bank of America 1.97 14 1.94 11.43 2.23 2.24
Wells Fargo 2.32 2.25 17.41 3.21 3.71 3.81
Citi 2.23 2.13 2.94 3.09 3.52 24.35
Wachovia 2.23 2.19 2.67 2.71 3.00 3.04
Default probability
JP Morgan 1.5 0.19 2.86 3.29 48.35 4.36
Bank of America 1.82 0.03 1.85 53.33 3.27 3.40
Wells Fargo 1.5 1.34 46.61 3.56 4.81 5.06
Citi 2.11 1.92 3.36 3.74 4.62 48.19
‘Wachovia 3.28 3.14 4.75 4.92 5.96 6.13

Table 2: Equilibria before the merger

Next, we calibrate the model using the data from March 2010. The calibrated parameters are
summarized in the table 3. Since interest rates were lower after the merger, the mean of loan
return becomes lower as well. The standard deviation of loan returns tends to increase

except for the Wells Fargo, which experienced the merger.

JP Morgan BoA  Wells Fargo  Citi

i (mean Loan return) : before the merger 7.95 8.09 7.78 7.38
i) (mean Loan return) : after the merger 6.94 6.36 5.94 6.75

oy (s.d. of Loan return) : before the merger 23.94 10.98 21.00 29.35
oy, (s.d. of Loan return) : after the merger 28.33 15.74 17.81 30.08
¢i. (insurace cost): before the merger 5.38 4.74 4.69 5.48

¢k (insurace cost) : after the merger 5.60 4.92 4.66 5.49

Table 3: calibrated parameters.



Bank run at

Bank name Obs. eqm = Wells Fargo Bank of America JP Morgan  Citi

Insured interest rate
JP Morgan 0.20 1.70 1.88 8.35 2.43
Bank of America 0.40 0.98 6.39 1.35 1.35
Wells Fargo 0.40 6.64 1.30 1.61 1.65
Citi 0.80 1.93 215 2.58 10.85

Uninsured interest rate

JP Morgan 0.20 1.57 1.70 19.57 2.18
Bank of America 0.40 0.84 12.39 1.16 1.16
Wells Fargo 0.40 12.77 1.18 1.47 1.50
Citi 0.80 1.81 1.98 2.34 23.15

Default probability
JP Morgan 0.84 3.22 3.56 41.44 4.52
Bank of America 2.22 3.64 48.00 4.82 4.79
Wells Fargo 2.29 45.13 4.55 5.45 5.51
Citi 1.70 3.48 3.86 4.61 47.03

Table 4: Equlibria after the merger

Using the newly calibrated parameters, we compute equilibria after the merger. The result is
summarized in the table 4. Here, we use the equilibrium in the table 3 as an initial guess and
solve for an equilibrium after the merger. As a result of this procedure, we didn’t compute
the best equilibrium, as it requires comprehensive search of the space (i%,i¥, p). From this
result, we can see that even after the merger in 2010, we can still see that there are multiple

equilibria with bank runs.

Then we compare the welfare before and after the merger. We normalize the social welfare
so that the observed equilibrium before the merger is equal to 0. The result is summarized
in the table 5. Since this model has multiple equilibria and we don’t know the likelihood that
each equilibrium will occur, we simply compare the social welfare in equilibria with similar
properties. We can see that the social welfare is higher after the merger in equilibria we
computed. One of the reasons is that because of the merger, the financial system is

stabilized, and the insurance cost is lowered.



Bank run at
Bank name Obs. eqm  Wells Fargo Bank of America JP Morgan Citi
Without mergers

Insurance Cost 13.7 1080.8 979.3 1085.5 1117.3

Social Welfare 0.0 -1143.11 -1205.73 -1333.02 -1365.18
With mergers

Insurance Cost 14.00 935.94 981.17 952.76 1096.69
Social Welfare 81.73 -1029.35 -1122.08 -1088.26 -1257.94

Table 5: Social welfare before and after the merger.

6. Conclusion

In this paper, we develop a flamework to evaluate a merger in the banking sector,
considering the reduced competition effect as well as the increased financial stability effects.
Then we use the flamework to evaluate the merger between Wells Fargo and Wachovia. We
found that in equilibria we computed social welfare after the merger is higher than that of

before the merger.

In this paper we studied the merger between Wells Fargo and Wachovia. One caveat of this
paper is that because we only study one merger, we cannot conclude that the merger
improved social welfare. The social welfare before the merger may be lower because it was
in the middle of the financial crisis. For the future research, we will study how mergers
change the structural parameters of the model using the histories of banking mergers in the

United States.
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Table 6: the top 15 mergers by deposit size for Survivor

merge_dt non_surv surv_nm dep_non dep_surv dep_total

2015-09-01 JPMORGAN JPMORGAN 25 1330275 1330300
B&TC NA CHASE BK NA

2014-10-01 FIA CARD SVC BANK OF 92262 1202846 1295108
NA AMER NA

2011-10-14 CUSTODIALTC  JPMORGAN 25 1171148 1171173

CHASE BK NA

2013-04-01 BANKOF BANK OF 17511 1110443 1127954
AMERICARINA AMERNA

2013-04-01 BANKOF AMER BANK OF 5282 1110443 1115725
OR NA AMER NA

2009-07-01 MERRILL LYNCH BANK OF 57791 1008386 1066177
BK USA AMER NA

2009-11-02 MERRILL LYNCH BANK OF 32528 1002709 1035237
BK&TC FSB AMER NA

2008-09-26  WASHINGTON JPMORGAN 188261 797676 985937
MUT BK CHASE BK NA

2009-04-27 COUNTRYWIDE BANK OF 36092 946997 983089
BK FSB AMER NA

2012-01-01 CITICORP TRBK CITIBANK NA 132 882541 882673
FSB

2008-10-17 LASALLE BKNA BANKOF 36153 846231 882384

AMER NA

2008-10-17 LASALLE BK BANK OF 25158 846231 871388
MIDWEST NA AMER NA

2011-07-01 CITIBANK SD NA CITIBANK NA 921 861055 861976

2011-03-31 WELLS FARGO WELLS 1 843237 843238
CENT BK FARGO BK NA

2010-03-20 WACHOVIABK  WELLS 355574 471876 827450
NA FARGO BK NA



Table 7: the top 15 mergers by deposit size for Non-Survivor

merge_dt non_surv surv_nm dep_non dep_surv dep_total
2010-03-20 WACHOVIABK  WELLSFARGO 355574 471876 827450
NA BK NA
2008-09-26  WASHINGTON JPMORGAN 188261 797676 985937
MUT BK CHASE BK NA
1999-07-23 BANKOF AMER BANKOF AMER 182103 170053 352156
NT&SA NA
2004-11-13 BANKONE NA JPMORGAN 141088 330127 471215
CHASE BK NA
2005-06-13  FLEET NA BK BANK OF AMER 137670 544300 681970
NA
2009-11-07 NATIONAL CITY PNCBKNA 93858 95901 189759
BK
2014-10-01 FIA CARD SVC BANK OF AMER 92262 1202846 1295108
NA NA
2012-11-01 ING BKFSB CAPITAL ONE 86785 106321 193105
NA
1996-07-14 CHASE CHASE 78884 78494 157378
MANHATTAN MANHATTAN
BK NA BK
2009-07-01 MERRILLLYNCH BANKOFAMER 57791 1008386 1066177
BK USA NA
2001-08-10 U SBKNA US BKNA 52892 52247 105140
1998-05-07 NATIONSBANK  NATIONSBANK 47058 100970 148027
OF TX NA NA
2001-11-10 MORGAN JPMORGAN 47027 261142 308169
GUARANTY TC CHASE BK
2002-04-01 WACHOVIABK  WACHOVIA BK 46954 140786 187740
NA NA
2000-03-01 FLEET NB FLEET NA BK 44385 55659 100044
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D LI F R IRIE AR I O RHE R 7 & 3T B 0 AR IS 2 B
EHOHIL, BIF» A~ ZHICS 7 P LTS, REREEVEO -3 ) 2 74
BE~OREZEDRILECEEERAE TN D28, . HROKEH-EMEFE ITHES O HE
BIEHITE , 2O—KHE LT, BHAAD Y 2 7 [BEEER O TR X 21543 2 a2 Hes 1o il
237223 (Nakagawa and Shimizu 2000 72 &), U & 7 [nlEEE A DAY D 2% 70 PR RR I &
DB & FKEEFTEIC X 0 T L 7298 13800 7 oo RIFFE T, ETBEIOREER & L T
AANDAX=YF VT4 ICEHTEZL T, NICKEZIRO I 2720 DffiRKICTEHTE 3
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FE D23 b 2 iU, HADIFARICIR > 721REE2 T B Z EAA[REIC R D, EDSA
[EEEZ(KD 2 2 LS TE RS9,
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3.1 Bigfive D44

#l® 1T, Bigfive D%k £ 1 IC/RT, Big five DFFHEIX 5~6 HOERM T 7 fFKIC X
DVHIEI N TV DT, /DB 1. AR THER S,



# 1 Big five ¥k Do 1m

Variable Mean SD Min Max
A mtE (Extraversion) 4.01 1.09 1 7
1EEALEME (Neuroticism) 4.12 1.12 1 7
FARUE (Openness) 4.11 0.93 1 7
FEM (Conscientiousness) 4.36 0.95 1 7
AR (Agreeableness) 4.31 0.80 1 6.67

itk 2 212 25% 5 —% v 2 A ALLLF (low), 75%%¥—+t v 2 4 AL E (high), 2 DIEd
(medium) O 3 53 EERK L 72, AT CREHRNARERIZ 00 L0, o0 %E o T
BHERALZANDENERTHL, T 3) O AECFHEIIE 2 oY TH 2, 5D
R, low #EiE 3 SETH. high B2 5 il b o T3,

K2 BT =) RO FEE & A

Category mean sd N
Extraversion low 2.66 0.69 111
medium 4.05 0.25 167
high 5.17 0.60 122
Neuroticism low 2.70 0.65 100
medium 4.10 0.32 190
high 5.46 0.59 110
Openness low 3.04 0.57 120
medium 4.14 0.23 166
high 5.17 0.52 114
Conscientiousness low 3.35 0.51 119
medium 4.31 0.28 180
high 5.63 0.56 101
Agreeableness low 3.38 0.55 103
medium 4.25 0.23 187
high 5.28 0.43 110




3.2 #HEMoA
mEHEDEMEE LT, BHEFER. AN
Ml iE A OEI G, WO EZR 3 ISR L .

B

wAEL, HlNic 530 %2

&3 IEEH DB

HF3Y B N %
BEFH R 5 1.25
BEFER 79 19.75
BK 5% ZRER 71 17.75
4 FEHIKF 208 52
=l 37 9.25
EYNGIEE: 100 A MK 67  17.96
100~200 A MK 45  12.06
200~300 A MK 40 10.72
300~400 75 K 49  13.14
400~500 5 K 42 11.26
500~700 A K5 50 13.4
700~1000 A MK 49  13.14
1000~1500 /3 FR5# 22 5.9
1500~2000 F [R5 1.34
2000 AL E 4 1.07
HEATS 100 A MK 6 2.03
100~200 A MK 10 3.39
200~300 A MK 21 7.12
300~400 5 ki 29 9.83
400~500 J5 ki 33 11.19
500~700 A MK 59 20
700~1000 /5 MK 70 23.73
1000~1500 /I 40  13.56
1500~2000 7 [ 19 6.44
2000 AU E 8 2.71
HE A 1A (BEEHES) 71 17.75
2N 146 36.5
3 A 104 26
4 A 58 14.5
5 A 15 3.75



6 A 2 0.5
7\ 3 0.75
8 A 0 0
9 A E 1 0.25
BIIZEDB VXY JRIVMEEBMEAREAICIEEDL TLAL 106 35.93
MHEMEmaRBARES  1~10%FK0E 103 34.92
10~20%K5# 53  17.97
20~30% K 14 4.75
30~50% K 7 2.37
50% L4k 12 4.07
e SHREE - %8 - HREE 25 6.25
=it 8 - AREE (EHa, #E) 132 33
S8 - AREE (RE - Z2HE8) 27 6.75
BEx -BAEEE- 7U—-7X 44 11
BH¥E FXE - AELSEMREL L) 4 1
NEE 13 3.25
¥4 0 0
IR Ek (F¥) 39 9.75
IN— =TI, b« 7 —&— 31 7.75
B - RERA - SKRERAR 31 7.75
FEEE 52 13
Z Dt 2 0.5

3.3 Bigfive L &R X 4 1L

ZN T, Bigfive bEERX AN L DEZ R T2 5, 3, BIEAFL T2k
RO, REFLOHNE D FIELX 1 LK 2 1ITR L 72, Big five DFFED EKIC
LoT, REaEFBHITNA TV S,

1 OHRA DB DT, HFEHDFEIR, HEAENRD b7 DZHFEMED high
B L medium B (p<.05). 1HHEALEED medium FEL low FEDR] (p<.05). FHHE
PE D high # & medium #f (p<.05). FHIED high H & low B (p<.05) I X W high Ff &
medium B (p<.01) OEITH 7. 2 OREDHIEIC SV TIE. ShAFED high B &
medium . (p<.05). FAFPED high B & low #f (p<.05) DRICHEENR AL O LT,
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2 FTEFTH: LT B R ETE O #NEL
R, 3 AR - Cw KDY B, HiE—HIC LG L CwaEoElG 2R L72b D
TH %, % HEHEE DK T, AL EED high B & medium B (p<.05) 5% % 5E 1 medium
FEL low BFEOR] (p<.01). FFEME high # & low FED] (p<.05) 3 X O high # & medium
FEDM (p<.05). FHFIM: high # & low #f (p<.01) X U high #£ & medium #E D[ (p<.05)
KHEENRA LD LT,
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X3 HEIE—aic B L w3k E S
F72 M4 3o T AREEITLDI b, 7274777 Y FOELGTH B, HELEKT

HEAEBHR LD LN D IRIFHALEN high #E L low B (p<.05) DA TH v, 1HH
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L EHBE O, o w T, HFAZENE high #E & low DA (p<.05) ¥ X U high
L medium FED[] (p<.05), H&F IO W THEEALEM: high FE L low FEDO] (p<.01)
F XU medium # & low FEDOH (p<.05). M high # & low B (p<.05) I X U high #f
& medium FEDR] (p<.01) KHEENRA L ® bz, HEAREMWD GV AT EFTE FE
DL, RIABES TE TR WATREED H 5, #iic, EEOE W NIFTE FEBE L 7«
> T 5,
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3.4 Big five & #E=EE A H

Ko, BlERi o Cw a2 H o ¥z, FifEZ L1 11~15 1R L7z, dhmtEo s
WA TERDOH KB | LI HETHRAEEY 2% hoT b, iz,
HERALEEDOE VAL, REEFAZEHRL CEALTE Y, #fMEoE WAL ESG % &
HLTHREBEALTW 3072 5,
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3.5 Big five ai‘éimf:u\f%a%

O REPHRIZGEICRERIGEN 20 & S DR & Bigfive DB #E%Z R CTw»
z 50 16 1%, FIW@EREU EHOZZVLEEEL 72 NDOEGZRL T3, LEIKTH
BHAEDLE AL mh o7z, M 17 ZFERICERE O, X 18 13FHE oK %2
BIRL 72 NDEIGTH 5, FEE T34 AED high # & medium #FEDR] (p<.05). Btk
high #f & low #f (p<.05) DRENICHEEHL B & D b 117z HTHE T 1Z4b AP high #f & medium
B (p<.05). BARCH: high B L low # (p<.05). high # & medium # (p<.05) DRENICHE
ERH LD NIz, ShmE & Bt Ee AN, EAREZREL L L GESAIREER LD
W ERRBINTND
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TS D 5 KME¥E] #BAZANOEE T, FARE high # & medium #EDM]IC 5%/KH#ET
BEENPAED LN, K11 Tk, AAEREWIEE [HERd 2 Kb ok EFE-
TWBZERHLNICE> TS, BABRKICEL U FIHEICEN IS 2dDD, H
BT RoNZmd o7, REORA L AAERIC X 2 E0BEITICARHEN H 2 AlREMED H
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X 21 4%, EPN - S - HrEEE o [SDGs ~DH ) flA BN R h3 | %EA
EANDEEGTH D, FAFIMED high # L low HDOMIC 5N KETHEEL AL D LT,
I5CRL7ZL90c, FAAEOE G NTERICEE LW AKERICOWTH, -, RFE
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TRl 3 2 M 2358 & & D353 DB,
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Bu/-uHo : SDGs

.05

\o“\&oﬁé@é\ \OQ\&Q@‘{‘@ \o&&\)&“\@? \0“\&\)@‘;\@ \o“\&\)@‘(‘\\"ﬁ
<@ <@ < P <
Al BREAREE  HERE MEE SRF0IE

21  [SDGs ~DH Y fHA B 2| oK EEWZ20u A0HEH S

3.6 [ElEsrT

33 fiicho e HEAR XA ML 3.5 Hi T o 72 H W 72 W RIR O & gan B B
L C. BRI 21T o 720 SUBHZBUCIZER. v, BHEFER D135, HHTE & HE ALK
Iz, F7, [ B0 IKETIE, MIFRAD S bBAM AN—2 Yy P bR Y R
PESRBEMOBEAICTE T T ETH, HIL 5 FRZFHWICATEEZLZI V] L)
HEIC X 2, AT 5 2 Y 2 7 P lrd i o BEAEIS b SiBHZ RN 2 72, Big five (% 3.3
BiCHWAT7T Y TlER R 1 ORLEBE BN 1I~mK 7D 2 Z20EEHWTWw5,

Wt & U A 7 B EOHIEGICIE, AT T ) oz HvTwv 3, RS & i
WA W ICRANDFG % FHIAERICIMA 2T A TOIEERIT> 72208, FERITIzL
ANEEDLL b o lzl-0ME0H & L & TIIEIKT 5,

BEAZA NS B RO OMEE R 4 1R L7z, R oEicowTi, Bk
B AEav - L CHhFAMESERICIETH Y, SfEoE W ANIEEES K 0%
i LCTwa, BHak—# ok X o 8% Mk i, FARESEICERE Ch o7, 7274 7
7 7 v FOFIEIC O TE, Stk L ERA R EER Z N ENBICHE TH o 72, Sk
CLIERAREERE VIR E T 774 777V FZEFoTnwyy, HED LB o TH- 72/
DEGICH L CTREBEARZBEBIEONARD o7z, WERD ICOWTRINAERAICEETH
D A EEOE AT EWER D R TR EBA L ZnwZ e b 5, B L BiFoRK
TRAE R A AZ R L LT b [FRRDOHEE 21T - 7243, Bigfive D WO H HETIE
b o7z,

Bz WERIFE SISO W T OHEERERIZER 5 1R L7z, JeEERIC o w TR A IE I
FETHY, FiEoE N ERERRZ Bz wEeBoTwa e dbar b, 7k,



HEALEEDE AT EELSAE Y OFWRELE VW EEELTWS, [SDGs ~D
B Y A RERREY 72 2 ] ic o W TS EE L RIS EICHEETH b, ki E L& i
A, JAFE oz EHT 2 AR HFATHE Z ERnbr3,



K4 RERAZANOPIE LR D HEE RER

1) rELTWAKEAD Q) ABELTWAERED 3) AL TWAEII—

NI NI 28 _EHIR A D $IREL
Coef. s.e. Coef. s.e. Coef. s.e.

FAN=Ik -0.152 0.207 -0.114 0.089 -0.202 0.195
BRI LE M 0.258 0.202 0.013 0.087 0.241 0.190
R4 0.291 0.239 0.059 0.103 0.294 0.225
MEM 0.273 0.199 0.061 0.086 0.319 0.188
A0 0.794 0.252 ** 0.189 0.108 0.784 0.237 **
BHEXI— 1.145 0.442 ** 0.137 0.190 0.957 0.415 *
Fin 0.042 0.018 * 0.016 0.008 * 0.053 0.017 **
BEFH 0.060 0.094 0.047 0.041 0.056 0.089
HEATS 0.000 0.000 0.000 0.000 0.000 0.000
HHE A 0.228 0.163 0.106 0.070 0.269 0.154
URyEER
AEA 0.025 0.011 * 0.009 0.005 0.017 0.011
E#IA -9.363 2.786 ** -2.384 1.199 * -10.004 2.622 **

4) 7074777 F (5) ERYVEZERB-TE (6) ¥R IZEB-TE

DEIE > TR DEIE > TR DEE

Coef. s.e. Coef. s.e. Coef. s.e.

FANEIki -0.139 0.050 ** 0.079 0.047 -0.069 0.034 *
BN LTE -0.143 0.050 ** -0.043 0.044 -0.014 0.032
FARE 0.065 0.063 -0.002 0.056 0.065 0.040
MEM -0.100 0.053 0.027 0.045 -0.004 0.032
R0 0.033 0.070 0.058 0.053 0.035 0.039
BEHXI— -0.138 0.127 -0.026 0.117 -0.112 0.085
F i 0.011 0.005 * -0.009 0.004 * -0.002 0.003
BEFH 0.030 0.024 0.004 0.021 -0.013 0.016
HES 0.000 0.000 0.000 0.000 * 0.000 0.000
AR -0.006 0.036 0.015 0.039 0.036 0.028
URXTEER
AEA 0.002 0.003 0.004 0.003 0.003 0.002
EHIA 0.608 0.723 0.339 0.615 0.341 0.446

Note: *13 5% /K%, ** |3 1% /KIETHETH >~ 2 & #int,



x5 HWZZWEBFLMICO W TOHEER R

(1) Rtz (2) SeEERR (3) FEE R
Coef. s.e. Coef. s.e. Coef. s.e.
FAN=Ik 0.362 0.301 -0.154 0.176 0.395 0.214
BRI LE M 0.241 0.289 0.023 0.171 0.186 0.207
R4 0.386 0.345 0.407 0.208 * 0.194 0.241
MEM -0.171 0.290 0.092 0.167 -0.001 0.201
A0 0.074 0.317 0.064 0.213 0.140 0.269
BHEXI— -0.227 0.588 0.643 0.393 -0.300 0.439
Fin 0.059 0.025 * -0.006 0.015 0.006 0.019
BEFH 0.039 0.122 0.162 0.083 0.047 0.104
HEATS 0.000 0.000 0.000 0.000 0.000 0.000
HHE A 0.175 0.259 0.089 0.138 0.184 0.152
URyEERS
AEA -0.017 0.013 0.019 0.010 0.017 0.010
E#IA -5.266 3.925 -4.954 2.384 * -6.799 3.012 *
(4) EB%%‘JE&@%L\{E (5) FESE 4 2 Aot (6) SDGs ~MEX V) FH A
Ee ISR 73
Coef. s.e. Coef. s.e. Coef. s.e.
FANEIki 0.039 0.174 0.100 0.241 0.562 0.249 *
BN LTE 0.342 0.173 * 0.387 0.240 0.313 0.250
FARE -0.068 0.201 0.427 0.278 0.405 0.280
MEM 0.067 0.165 0.246 0.223 -0.393 0.245
R0 0.330 0.215 0.588 0.316 0.660 0.331 *
EHLI— 0.342 0.378 -0.126 0.505 -1.045 0.5625 *
F i 0.006 0.015 0.021 0.022 0.015 0.023
BEFH 0.029 0.079 -0.152 0.109 0.337 0.150 *
HES 0.000 0.000 0.000 0.000 -0.001 0.000
AR 0.090 0.135 -0.106 0.202 -0.053 0.188
URXTEER
AEA 0.012 0.009 -0.002 0.013 0.006 0.013
EHIA -5.055 2.374 % -7.946 3.461 * -13.206 4,102 **

Note: *1% 5%/KH¥E, ** |3 1% /KETHETH >~ 2 & #int,



4. HEE

AFTIZ, AV FroT v r— FEEZEEST 2 2 LICX o T, Bigfive b RERX X A
NDOBGRE ERIICHIEL 72, % OfE %, Bigfive D& FEIC X 278 358k 4 7o T CRUHI X
Nz, Fric, HHRALEEDOEC NTREICHB . RIAMREZ T2 2 A TETnARW
CEREERREAL VDA, £, SRS E o AT ER A 2 i 2 &
L. AR E G AIZE SDGs ~DHU Y fHA IR 2L I, REOHADELN
T2o ARTHNLIZDIZT L —HOFERTH 225, V) A7 [ TldZ < Bigfive ® X
5 MR R RS REED . BB L VWO BBREOEERINEERTH S Z L 3L &7
o7z, BEZMRTRHAFBUN, SRR, SRS CRL 1T T 5208, Kiff%t cfF
SNARD SMEADHAITIH > -IREER T L2 LT, HE~DBARERZEKDL LD
TEL7259, R TIE, EEOEHD R X 4 VB OEF O ME RN L -0, &
7o T WL ATHEBENRICED nd o720, SHBROMETIIZENDEEICKRL LEX
bid,
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Impact of Investor Sentiments on the Japanese Stock Market?
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Abstract

This paper discusses the impact of sentiment indices on the Japanese stock
market. Specifically, we employ the consumer confidence index, Put Call Ratio (PCR),
Nikkei Volatility Index (VIX), and the stock trading volume as sentiment indices, and
analyze their impact on the Nikkei stock average and the Tokyo Stock Exchange
Mothers Index (the Mothers Index) using monthly and daily data respectively. We
examine spillover effects by VAR model.

Although there are some differences in the results between monthly and daily
data because of their different estimation periods, some of the sentiment indices
have an impact on the Nikkei stock average and the Mothers Index. These results
would be a contribution of this paper as they are not observed in previous studies.
Meanwhile, in more cases, the Nikkei stock average and the Mothers Index have a
stronger impact on the sentiment indices, which is a significant difference from the
conclusions in previous studies that only consider the impact of the sentiment indices

on the stock market.

1 This is the result of a study supported by the 2021 Research Grant Scheme of Yu-cho Foundation
and the 2021 Research Grant of the ISH MEMORIAL SECURITIES RESEARCH PROMOTION
FOUNDATION. We hereby extend our appreciation to them.
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1. Introduction

Under the assumption that investors behave rationally, the basic framework of
finance theory is that prices in various financial markets including stock prices would
converge to rafional values. Since the mid-1990s, however, empirical studies
particularly with the US and European stock markets have reported the possibility that
there would not be rational pricing because investors' investment decisions have
been influenced by psychological factors. Specifically, such studies conduct analysis
in the field of behavioral finance, among which sentiment analysis on investor
psychology has attracted much attention in foreign countries.

In the fraditional finance theory, investor sentiments are considered to have no
cross-sectional effect on stock prices. Otherwise, sentiment analysis has been
showing relationships between sentiment and stock prices through two main
methods of analysis: one is the approach taken by this study which is econometric
analysis based on public statistics including macro data and financial data; the other
is a machine learning approach using textual data.

This paper analyzes relationships between sentiment indices and stock indices in
Japan using a VAR model (the Impulse response analysis and the Granger causality
test). Derivation and analysis of investor sentiment have been conducted mainly for
the US and other foreign markets, and few studies have been conducted for the
Japanese stock market. In addition, whereas previous studies have mainly analyzed
the impact of sentiment indices on stock indices, this paper is unique in that it
examines the opposite as well - the possibility that fluctuations in stock indices may
affect sentiment indices.

Hereinafter, Section 2 summarizes previous studies; Section 3 describes the
estimation methods and data while Section 4 does the estimation results,

respectively; and Section 5 summarizes the whole process.
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2. Previous Studies

This section first defines the term “sentiment” - the subject of this paper - based on
previous studies, which is followed by an overview of previous studies analyzing
relationships between sentiment and the stock market.

To be brief, sentiment refers fo the mood of people's psychology and economic
and business activities in an investment environment that changes from time to time.
It influences the country's economy and is reflected in the prices of assets on the
market.

Academically, Baker and Wurgler (2007) defines “investor senfiment as investors
beliefs about future cash flows and investment risk that are not justified by the facts
at hand”. The influence of social sentiment on asset prices is more than a hypothesis
based on empirical evidence from investors.

To date, the analyses of large databases and academic studies have found that
changes in sentiment and thought patterns at the group level affect market prices.
For example, the stock prices in countries that have lost in major sporting
competitions are directly affected by such loss. Other studies report that changes in
the natural environment also affect market prices through their impact on people's
emotions. These studies have been reported in the research area of behavioral
finance.

The leading study analyzing relationships between investor sentiment and stock
prices is Baker and Wurgler (2006). They created a sentiment measure and estimated
relationships between sentiment and the returns of stocks by attribution, using US
individual company data from 1962 to 2001. The results revealed that valuations of
stocks that are rated very subjectively and difficult to arbitrage are significantly
affected by investor sentiment.

Bathia and Bredin (2013) used the monthly data for G7 countries from January
1995 to December 2007 to analyze relationships between stock returns and four
sentiment indices such as consumer confidence index, equity fund flow, closed-end
equity fund, and equity put-call ratio. The results of panel estimation revealed a

negative relationship between investor senfiment indices and future returns.
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Using monthly data from January 1991 to December 2013, Bathia et al. (2016)
analyzed the impact of American investors’ sentiment on stock returns of Gé
countries’ (Canada, France, Germany, lItaly, Japan, and UK) markets by the
generalized impulse response function (GIRF) from the VAR model. In specific, this
study examined to what extent American sentiment levels affected stock prices in
G6 countries and whether global investors were sensitive to changes in American
investors’ sentiment. The study was unique in that it conducted regression analysis of
the University of Michigan Consumer Confidence Index with macro variables and
decomposed it info rational and irrational sentiments. As a result, U.S. investor
sentiment had a spillover effect on the stock returns of the Gé countries.

Using daily data from 2 January 2004 to 11 April 2006, Bandopadhyaya and Jones
(2008) regressed the residuals of S&P 500 random walk regression with PCR and VIX.
Defining PCR (= put trading volume/call trading volume) where put is the
expectation of falling stock prices (pessimistic) while call is the expectation of rising
stock prices (optimistic), they concluded that pessimism is stronger than optimism if
PCR s larger than 1 and pessimism is weaker than optimism if PCR is smaller than 1.

Brown et al. (2003) calculated sentiment from mutual funds in Japan and America,
while Zouaoui et al. (2011) used an international panel to look at stock market effects.

Shakri et al. (2021) analyzed relationships between the COVID 19 crisis and
cryptocurrencies using data from 31 December 2019 to 18 August 2020. In doing so,
they utilized economic news sentiment indices and financial market sentiment
indices. The VAR Granger causality framework and the Weblet analysis showed that
the virtual currency market was affected by sentiment in the early part of the period,
but this influence disappeared from around June 2020.

For an analysis in Japan, Iwanaga (2019) analyzed the relationship with
Idiosyncratic volatility using sentiment derived in America. Ishijima and Kazumi (2017)
derived sentiment from natural language processing of Nikkei articles, verifying its
predictability to daily indices, stock and J-REIT prices, and property prices. Other
machine learning-related studies have also been carried out. In this study, in order to

focus more on investors’ aftifudes, we use published survey data rather than
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machine learning for sentiment.

3. Estimation Method
3.1 Estimation Model

We examine relationships between investor sentiment and stock prices. In
practice, the impact of sentiment on stock prices does not always observe the same
timing and may involve alag. Since the causality of stock prices on sentiment cannot
be ignored, we use VAR models that also take info account interdependent
relationships (spillover).

The following reduced form VAR model is used to estimate:

Stock Price (t) = f(Stock Price (t-1, -2, --), Sentimenft(t-1, -2, ---))
Sentiment(t)=f(Stock Price (-1, -2, ---), Sentiment(t-1, -2, --+))

Sentiment is a sentiment index. In this paper, whether sentiment indices have an
impact on stock prices and, if so, to what extent there is a lag are examined.

Furthermore, the impact of stock prices on the sentiment indices is also examined.

3.2 Data

The estimation period is from April 2011 to Decemlber 2019 for monthly data and
from 4 January 2017 to 30 December 2019 for daily data. The end of the period is set
to December 2019 because the market structure has changed significantly after the
COVID-19 crisis; the estimation period runs before its impact emerged.

The data used in this paper are as follows: (a) and (b) are stock indices and (c)
through to (f) are senfiment indices. (g) through to (i) are exogenous variables.

Closing prices are used as financial data.

(a) Nikkei stock average (NIKKEI)

(b) The Mothers Index (MOTHERS)
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(c) Consumer confidence index (CCl)
These are statistics published monthly by the Cabinet Office of Japan and use
figures for the households of two or more persons and seasonally adjusted figures.
The consumer confidence index is only available on a monthly basis and is not
used in the daily analysis. The effect on the Nikkei stock average and the Mothers

Index of prior hypothesis are positive2.

(d) Nikkei Volatility Index (VIX)
The Nikkei Volatility Index published by Nikkei Inc - an index of indicating how
investors expect the Nikkei stock average to fluctuate in the future. The higher the
index value, the more investors expect the market to fluctuate significantly in the
futures. The effect on the Nikkei stock average and the Mothers Index of prior

hypothesis are negative.

(e) Put Call Ratio (PCR)
PCR is defined as (put opftions trading volume) / (put options frading volume +
call options trading volume). This is made from the Osaka Exchange Daily Report.
As mentioned earlier, the higher the volume of puts tfraded, the more pessimistic
it becomes. The effect on the Nikkei stock average and the Mothers Index of prior

hypothesis are negative.

(f) Stock trading volume (VOLUME)
The total frading value of domestic stocks and foreign stocks traded at the stock
exchanges in Japan. The former comprises the First Section, the Second Section,
Mothers, TOKYO PRO Market, JASDAQ Standard and JASDAQ Growth. Because
the higher trading value is considered to be the increased demand, the effect on

the Nikkei stock average and the Mothers Index of prior hypothesis are positive.

2 The prior hypothesis in this paper assumes market followers. In the case of market contrarians,
the prior hypothesis is the opposite.

3 Calculation started on 19 November 2010 (retroactive calculation possible until 12 June 1989).
https://indexes.nikkei.co.jp/nkave/index/profile2idx=nk225vi
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(9) Inflation rate (CPI)
As the inflation rate, the rate of change in the consumer price index published by
the Statistics Bureau of the Ministry of Internal Affairs and Communications of

Japan is used. It is used solely as monthly data.

(h) The dollar-yen exchange rate (EXRATE)

(i) Indices of Industrial Production (IP)
Monthly data from the “Indices of Industrial Production” published by the Ministry
of Economy, Trade and Industry of Japan is used; the year of 2015 = 100.

Two types of analysis are conducted in this analysis, one using monthly data and
the other using daily data. Table 1 is the descriptive statistics for monthly data, being
fime-series data from April 2011 to December 20194. Table 2 presents the descriptive

statistics for daily data.

3.3 Estimation Method

In selecting the estimation model, the stationarity of the data is first checked by a
unit root tests, In case of stationary, the data are estimated as is with the VAR, while
in the case of unstationarity, the data are estimated with the VAR model by taking
differencess. The VAR model is determined by testing the lag order. Then, causality is
verified by the Granger causality test. Further, using the impulse response analysis?,
the impact of stock prices and sentiment indices on other variables is discussed

respectively.

4 LNVOLUME is the logarithm of the stock trading volume, and logarithms are used to mitigate the
effect of specific outliers in real numbers.

5 For unit rooft tests, there are Dickey-Fuller test/ Augmented Dickey-Fuller test (drift ferm only, drift
term and trend term, neither of them), Phillips-Perron test, etc., but they have low test power.

6 When all variables are unstable (to be precious, I(1)), a cointegration test is performed, and if
there is cointegration, estimation is made with the VEC(Vector Error Correction) model.

However, many researches perform the VAR analysis at the level without confirming stationarity in
order to interpret the results easily. See Hamilton (1994) for details.

7 1t traces how an impact given on the error term in an equation will pass on to such variable and
other variables.
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4. Estimation Results
4.1 Monthly Data

The results of the unit root test find that although not all variables are stationary,
all variables which differences are taken (D( + )) are stationary and are estimated with
the VAR. The estimation results, the Granger causality fest results, and the impulse
response function are presented in Table 3, Table 4, Table 5, Figure 1, and Figure 2,
respectively. The results of the estimation using the Nikkei stock average and the
Mothers Index are shown.

In a model including the Nikkei stock average, the optimal lag is found to be 4
from the lag order test. Table 3 indicates D(PCR(-1)) is negatively significant for
D(NIKKEI) and D(CCI(-1)) shows a positive impact on D(NIKKEI), while D(NIKKEI(-1))
has a positive impact on D(LNVOLUME), indicating that sentiment indices and stock
prices interact with each other. A model including the Mothers Index also has an
optimal order of 4. Table 4 says that there are few variables/lags that are significant
for D(MOTHERS).

The causality tests in Table 5 demonstrate that D(NIKKEI) and D(PCR) are causally
related to each other at asignificance level of 10%, and that there is a causal relation
from D(NIKKEI) to D(VIX) and D(LNVOLUME). Meanwhile, using the Mothers Index,
there is a significant causal relation only from D(MOTHERS) to D(VIX).

The impulse response function in Figure 18 shows that D(NIKKEI) reacts negatively
to changes in D(PCR) and D(VIX), positively to changes in D(CCI) in the next period,
and then is gradually converged. Conversely, changes in D(NIKKEI) also affects the
changes of each sentiment measure. In using the Mothers Index, D(MOTHERS) reacts

in the same way as D(NIKKEI).

8 Cholesky ordering is as follows: D(NIKKEI) or DIMOTHERS), D(PCR), D(CCI) D(VIX),
D(LNVOLUME).
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4.2 Daily Data

The monthly analysis in the previous section reveals that stock prices are affected
by sentiment indices. Here, in order to observe the formation process of these inter-
variable relationships, a more detailed daily analysis is carried out: the same analysis
as the monthly data is carried out with daily data for the three-year period starting
from 1 January 20179. The results of the unit root tests find that all variables are
unstationary. Therefore, a cointegration test is performed. Since there are there
cointegrations, the estimation is made with the VEC model. The lag order fest
demonstrates that the optimal lag is 5 for either model containing the Nikkei stock
average or the Mothers Index. The estimation results obtained are presented in Table
6 and Table 7.

The results of the analysis differ from those of the monthly analysis. Table 6 and 7
show that most of the explanatory variables for D(NIKKEI) and D(MOTHERS) do not
give significant effects. Therefore, the daily analysis concludes that sentiment indices
have little effect on stock prices. Otherwise, it can be seen that D(NIKKEI) and
D(MOTHERS) have a significant effect on D(PCR) and D(VIX).

Next, a Granter causality test is conducted to examine the robustness of causal
relationships between these stock price and sentiment indices. Its main results are
illustrated in Table 810.

The results of the Granger causality test do not confirm any effect of each
sentiment indicator on stock returns. Conversely, the causality relationship from
D(NIKKEI) and D(MOTHERS) to D(PCR) and D(VIX) is confirmed. This result backs the
results of the VEC estimation, meaning that a decline in stock prices leads to a
deterioration in market sentiment.

It can be read from Figure 31" that the relevant impulse response analysis shows

that the negative impact continues over time. However, it can be seen that the

? However, those macro variables used in the monthly analysis as control variables are not
included in the analysis because they are not available on a daily basis.
10 The results which do not confirm any causal relationship are not reported.

11 Cholesky ordering is as follows: NIKKEI or MOTHERS, PCR, VIX, LNVOLUME.
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negative impact is weakened gradually.
In summary, the results of the daily analysis confirm that, unlike the monthly
analysis, the sentiment effect on stock prices is not observed, while stock prices affect

the sentiment.

5. Conclusion

This paper considers the impact of sentiment indices on the Japanese stock
market. In specific, employing the consumer confidence index, PCR, VIX, and the
stock trading volume as sentiment indices, we analyze their impact on the Nikkei
stock average and the Mother Index using the monthly and daily data. In doing this,
we use a VAR model to assess spillover effects.

Although there are differences in the empirical results between monthly and daily
data due to their different estimation periods, some of the sentiment indices have an
effect on the Nikkei stock average and the Mothers Index. The indices that show
significant effects are the consumer confidence index and the PCR. These results
would be a contribution of this paper as they are not observed in the analysis of
Japan for the period from 1995 to 2007 by Bathia and Bredin (2013).

Additionally, in more cases, changes in the Nikkei stock average and the Mothers
Index have a stronger impact on the sentiment indices, which turn out o be a
significant difference from the conclusions in the previous studies that only considers
the impact of sentiment indices on the stock market. Price indicators such as PCR
are affected, which is our important finding in terms of put and call pricing.

We conduct the analysis of the Japanese market in this paper, but the Japanese
stock market is also heavily influenced by foreign markets, and therefore its

association with foreign markets is a subject for our future work.
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Table1: Descriptive Statistics of Monthly Data (April 2011- December 2017)

Mean Median Maximum Minimum  Std Dew Obs
NIKKEI [Yen) 16690 17425 24120 8434.6 4727.7 105
POTHERS 831.14 B97.47 1313.38 308.84 257.54 105
CClI 41.115 41.300 45.600 33.200 2.525 105
PCR 0.544 0.548 0.643 0.404 0.056 105
VIX 21.702 21.200 36.600 13.880 5.252 105
LNYVOLUME 17.717 17.837 18.274 16.826 0.357 105
CPI (%) 0.630 0.400 3.700 -0.500 1.014 105
EXRATE(Yen/Dollar) 103.43 108.56 124.22 76.300 13.781 105
IP 100.20 100.90 105.80 89.200 2.685 105

Nete: The followings are definifions of each warable: NIKKEL: Closing Price of the Nikkel Average; MOTHERS: Tokyo Stock Exchangse
Maothers Index; CCl: Consumer Confidence Index, households of hwo or more persons, seasonally adjusted; PCR: Put Opticn
Trading Value/|{Call Cpticn Trading Value + Put Opticn Trading Value); VIX: Nikkei Volafiity Index Average Published by Nikkei
Inc.; LNWOLIUME: Logarithmic Value of Stock Trading Value; CPI: Consumer Price Index Growth Rate; EXRATE: Dollar-Yen
Exchange Rate and:; IP: Indices of Indusirial Preduction, the year of 2015 = 100.
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Table2: Descriptive Statistics of Daily Data (4/1/2017 - 30/12/2019)

Mean Median Maximum  Minimum  Std Dev Obs
MNIKKEI [Yen) 21401 21547 24271 18334 1378.3 733
MOTHERS 1023.8 1024.8 1355.6 757.02 122.32 733
PCR 0.5%97 0.608 0.854 0.137 0.105 733
WIX 17.638 16.740 34.050 12.190 3.541 733
LNYVOLUME 14.883 14.879 15.737 14.214 0.203 733

Hote: The followings are definifions of each wvanable: NIKKEl: Clesing Price of the Nikkel Average; MOTHERS: Tekyo Stock Exchange
Mcthers Index; PCR: Put Opticn Trading Value/|Call Cpticn Trading Value + Fut Opficn Trading Value); VIX: Nikkei Volafility
Index Average Published by Nikksi Inc; and LMVOLIUME: Logarithmic Value of Stock Trading Value
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Table 3: VAR Estimates for NIKKEl Based on Monthly Data (103 Obs)

D(NIKKEI} D(PCR) D(cc) D(VIX) D(LNVOLUME)
D(NIKKEI(-1)} 0.334 ** 0.000 * 0.000 0.001 0.000 ***
D(NIKKEI(-2)} 0.108 0.000 0.000 0.000 0.000
D(NIKKEI(-3)} 0.074 0.000 0.000 0.001 0.000
D(NIKKEI(-4)} 0.001 0.000 0.000 0.000 0.000 *
D(PCR[-1)} -4809.136 ** 0.346 *** 0.492 9.303 0.162
D(PCR[-2)} -1156.149 -0.001 -1.211 5.221 0.629
D(PCR(-3)} 4142.582 * 0.261 ** -1.540 -10.075 -1.169 ***
D(PCR[-4)} 2864.484 0.228 ** 3.199 -5.590 -0.353
D(CCI{-1)) 129.596 * -0.001 -0.031 0.404 0.004
D(CCI{-2)) 26.013 -0.001 0.117 0.157 0.012
D(CCI{-3)) 63.814 0.002 0.09 0.212 0.009
D(CCI{-4)) -7.258 0.004 0.115 0.186 0.011
D(VIX(-1)) -30.055 0.000 -0.029 0.392 ** 0.002
D(VIX[-2)) 14.870 0.002 -0.001 0.424 ** -0.006
D(VIX[-3)) 14.169 0.002 * 0.031 0.149 0.015 ***
D(VIX[-4)) 19.673 0.000 0.040 0.215 * 0.009 **
D(LNVOLUME(-1}) 275.655 0.012 0.964 9.667 ** -0.289 **
D(LNVOLUME(-2)) 368.018 0.037 0.531 3.141 0.171
D(LNVOLUME(-3}) -420.447 0.063 * 0.191 4.200 0.062
D(LNVOLUME(-4}) 463.753 0.046 0.785 2.258 0.134
""" DlcPl 474 0008 0158 0884 0008
D(EXRATE) 228.635 *** 0.002 * 0.010 0.543 *** 0.013 ***
D(IF) -109.423 ** 0.000 0.011 0.268 0.006
c 88.493 0.001 0.031 0.376 -0.004
R-squared 0.575 0.355 0.181 0.429 0.486
Adj. R-squared 0.451 0.168 0.057 0.262 0.336

Mete: NIKKEl: Closing Price of the Nikked Average: CCl: Consumer Confidence Index, households of two or more persons,
seascnally adjusted; PCR: Put Opficn Trading Value/|{Call Opficn Trading Value + Put Opticn Trading Value): VIX: Mikkei
Wolatiity Index Average Published by Nikkel Inc.; LNWOLIUME: Logarthmic Value of Stock Trading Value; CPI: Caonsumer
Price Index Growth Rate; EXRATE: Exchange Rote; and IP: Indices of Industrial Preduction. D at the beginning of 2ach

variable indicates the difference from one pericd eardier. * ** and *** indicate that ceefficient = 0 can be rejected at

significance leveb of 10%, 5% and 1% respectively.
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Table 4: VAR Estimates for MOTHERS Based on Monthly Data (103 Obs)

D(MOTHERS]  D(PCR} D(ccl) D(VIX) D(LNVOLUME)
D(MOTHERS|-1)) 0.131 0.000 0.003 * 0.011 0.000
D(MOTHERS -2)) 0.140 0.000 0.001 -0.003 0.000
D(MOTHERS -3)) 0.329 0.000 0.004 ** 0.005 0.000
D(MOTHERS (-4)) 0.057 ** 0.000 0.002 0.014 * 0.000
D(PCR[-1)} -264.882 0.402 *** 2.429 1.633 0.810 *
D(PCR[-2)} -439.836 * 0.062 0.058 4.235 0917 **
D(PCR(-3)} 21.066 0.106 2,119 -11.735 0.496
D(PCR[-4)} 410.897 * 0.222 ** 3.238 -13.080 0.432
D(CCI{-1)) 9.724 0.003 0.074 0.495 0.013
D(CCI-2)) -1.225 0.000 0.066 0.086 0.004
D(CCl(-3)) 2.242 0.002 0.023 0.125 0.010
D(CCI{-4)) -2.090 0.002 0.152 -0.095 0.012
D(VIX[-1)) -1.387 -0.001 0073 ** 0.486 *°* -0.006
D(VIX[-2)) 1.567 0.003 ** 0.008 0.467 *** -0.005
D(VIX[-3)) -1.472 -0.002 0.014 0.325 ** 0.012 ***
D(VIX [-4)) 0.027 -0.001 0.049 * -0.189 0.010 ***
D(LNVOLUME(-1}) 11.815 0.009 1.850 * 7.299 * 0.251 **
D(LNVOLUME(-2)) 5.664 0.056 * 0.601 * 6.657 ° 0.166
D(LNVOLUME(-3}) 93.270 0.069 ** 0.845 5.14] 0.007
D(LNVOLUME(-4}) 69.007 0.057 * 1.081 2.819 0.130
""" DiCP) 1979 0007  0.64 0854 0014
D(EXRATE) 7.238 ** 0.003 ** 0.010 0.405 ** 0.016 ***
D(IP) 2091 0.000 -0.031 0.251 0.000
C 3.226 0.000 0.033 -0.299 0.002
R-squared 0.257 0.325 0.275 0.425 0.364
Adl. R-squared 0.041 0.129 0.064 0.257 0.178

Note: The following are definiticns for each varioble: MOTHER: Tokye Stock Exchange Mothers Index; CCl: Consumer
Confidence Index, households of two or more pessons, seascnally adjusted; PCR: Put Opticn Trading Value/|(Call Opticn
Trading Yalue + Put Opfion Trading Value); VIX: Nikkel Volatiity Index Average Published by Nikkei Inc.; LNVOLIUME:
Logarithmic Value of Stock Trading Value; CPI: Consumer Price Index Growth Rate; EXRATE: Exchange Rate; and IP:
Indices of Indusirial Preducticn. D at the beginning of each variable indicates the difference from cne pericd eardier. *, **
and *** indicate that ceeficient = 0 can be rejected at significance levek of 10%, 5% and 1% respectively.
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Table 5: Granger Causality Test on Monthly Data

MNull Hypothesis: Obs  F-Statistic Prob.
D(PCR] does not Granger Cause D{NIKKEI) 103 2093 0.088
D({MNIKKE|) does not Granger Cause D(PCR) 2,229 0.072
D(CCI) does not Granger Cause D{NIKKEI) 103 0.420 0.794
D{MIKKEI) does not Granger Cause D(CCI) 1.088 0.3467
D{¥IX) does not Granger Cause D[NIKKEI) 103 0.389 0.814
D(MIKKEI) does not Granger Cause D(VIX) 3.814 0.004
D(LNYVCOLUME] does not Granger Cause D{NIKKEI) 103 1.000 0.412
D(MNIKKEI) does not Granger Cause D(LNYVOLUME) 7613 0.000
D(PCR] does not Granger Cause D{MOTHERS) 103 1.812 0.133
D{MOTHERS) does not Granger Cause D(PCR) 1.068 0.377
D(CCI) does not Granger Cause D{MOTHERS) 103 0.558 0.694
D{MOTHERS) does not Granger Cause D|CCI) 1.877 0.121
D(VIX) does not Granger Cause D{MOTHERS) 103 0.349 0.830
D{MOTHERS) does not Granger Cause D(VIX) 5.634 0.000
D(LNYVOLUME] does not Granger Cause D{MOTHERS) 103 0.710 0.587
D{MOTHERS) does not Granger Cause D(LNYOLUME] 1.738 0.148
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Table &: Vector Error Correction Estimates for NIKKEI Based on Daily Data (727 Obs)

D{NIKKEI) D[PCR) D{VIX) D(LNVCOLUME)
D(NIKKEI[-1)) 0.022 0.000 *** 0.000 0.000
D(MIKKEI[-2)) -0.022 0.000 *** 0.000 0.000
D{NIKKEI[-3)) -0.007 0.000 *** 0.000 0.000
D{MNIKKEI[-4)) 0.078 0.000 *** 0.001 ** 0.000
D{MIKKEI[-5)) 0.044 0.000 0.001 * 0.000 *
D{PCRI-1)) -44,100 0,495 *** 0.598 0.357 **°
D(PCR|-2)) -32.453 -0.430 *** 0.481 0.274 ***
D(PCR(-3)) -128.702 -0.334 *** 0.772 0.155
D(PCR|-4)) 5.146 -0.195 *** -0.354 0.060
D{PCR|-5)) 19.165 -0.093 ** -0.349 0.045
D{WIX{-1)} 0.822 -0.005 -0.004 0.004
D{wI%{-2)) -4,533 -0.003 -0.028 -0.003
D{WIX{-3)) 2727 -0.005 -0.032 0.001
D{WIX[-4)) 3.294 -0.006 023 ** 0.001
D[ WIX[-5)) 12.764 -0.005 0.144 ** £.013 **
D{LNVOLUME(-1)) 122.486 -0.005 -0.608 -0.236 ***
D{LNVOLUME(-2)) 76.841 -0.005 -0.188 -0.147 ***
D{LNVOLUME[-3)) 126.334 0.003 -0.245 -0.069
D{LNVOLUME(-4)} 0.692 0.011 0.273 -0.086 *
O LNVOLUME(-5)) -12.893 0,037 -0.054 0.074 *
c 5.872 0.002 0.003 0.000
R-squared 0.023 0.455 0.073 0.271
Ad]. R-squared -0.00% 0.438 0.043 0.247

Mote: NIKKEL: Closing Price of the Nikkei Average; PCR: Put Opficn Trading Valuef|{Cal Opficn Trading Value + Put
Orption Trading Value); VIX: Nikkei Volafility Index Average Published by Hikkei Inc.; LMVOLIUME: Legarithmic Value
of 3tock Trading Value. D at the beginning of each wvariable indicates the difference from cne peficd eariier. *, **

and *** indicate that coefficient = 0 can be rejected at significance lewvek of 10%, 5% and 1% respectively.
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Table 7: Vector Error Correction Estimates for MOTHERS Based on Daily Data (727 Obs)

D(MOTHERS) D(PCR) D(VIX) D(LNVOLUME)
D(MOTHERS(-1)) 0.002 -0.001 ** 0.008 ** -0.001
D(MOTHERS(-2)) 0.021 0.000 -0.001 0.000
D(MOTHERS(-3)) -0.037 0.000 -0.006 0.000
D(MOTHERS(-4)) -0.030 0.000 -0.003 0.000
D(MOTHERS(-5)) 0.032 0.000 -0.004 0.000
D(PCR(-1)) 8.097 -0.500 *** 0.123 0.251 **
D(PCR(-2)) 3.101 -0.394 **x 0.314 0.200 **
D(PCR(-3)) -2.876 -0.281 *** 0.846 0.104
D(PCR(-4)) 8.304 -0.140 *** -0.066 0.034
D(PCR(-5)) 4.676 -0.062 -0.145 0.057
D(VIX(-1)) -0.947 0.005 0.022 0.001
D(VIX(-2)) -0.187 0.005 0.024 -0.001
D(VIX(-3)) -0.505 0.000 -0.028 -0.001
D(VIX(-4)) -0.378 0.003 -0.051 0.001
D(VIX(-5)) 0.198 -0.004 0.101 ** -0.002
D(LNVOLUME(-1)) -0.344 -0.050 -0.584 -0.204
D(LNVOLUME(-2)) -6.000 -0.049 -0.252 -0.125 **
D(LNVOLUME(-3)) -6.288 -0.040 -0.275 -0.049
D(LNVOLUME(-4)) 12,217 *** -0.035 0.184 -0.066
D(LNVOLUME(-5)) -5.625 0.004 -0.136 0.070
C -0.137 0.000 -0.010 -0.001
R-squared 0.031 0.426 0.070 0.280
Adj. R-squared -0.001 0.407 0.040 0.256

Note: The following are definitions of each v ariable: MOTHER: Tokyo Stock Exchange Mothers Index; PCR: Put
Option Trading Value/(Call Option Trading Value + Put Option Trading Value); VIX: Nikkei Volatility Index Av erage
Published by Nikkei Inc.; LNVOLIUME: Logarithmic Value of Stock Trading Value. D at the beginning of each

v ariable indicates the difference from one period earlier. *, ** and *** indicate that coefficient = 0 can be
rejected at significance lev els of 10%, 5% and 1% respectiv ely.
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Table 8 VEC Granger Causality Test on Daily Data

MNull Hypothesis: Olbos Chi-sg Prob.
D(MNIKKEI) does not Granger Cause D(PCR) 727 50.892 0.000
D{MNIKKEI) does not Granger Cause D(VIX)] 727 11.054 0.050
D{MOTHERS) does not Granger Cause D(PCR) 727 11.413 0.041
D{MOTHERS) does not Granger Cause D{VIX) 727 10.235 0.049
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Figure 1: Resulls of Impulse Response for NIKKEl (meonthly)
Response to Cholesky One 5.D. (d.f. adjusted) Innovations £ 2 Analytic Asymptotic
5.E.s Based on Monthly DATA
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Figure 2: Results of Impulse Response for MOTHERS (monthly)
Response to Cholesky One $.D. (d.f. adjusted) Innovations £ 2 Analytic Asymptotic
S.E.s Based on Monthly DATA
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Figure 3: Results of Major Impulse Response (Daily)
Response to Cholesky One $.D. (d.f. adjusted) Innovations Based on Daily DATA
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The Impact of Monetary Base on Bank Lending in
Japan

*

Qing-yuan Sui
June, 2022

Abstract We empirically investigate the impact of liquidity provision by
the Bank of Japan to the lending behavior of private banks in the period of
quantity easing. We pay special attention to the credit provision from banks to
different industries, especially to the manufacturing and the household sectors.
Our results show that the liquidity provision of the Bank of Japan promoted
the private banks’ lending to the household sector but not to the manufactural
industry. These results are consistent with the recent studies on the limits of
credit provision to economic growth. It also suggests that there is no much
room for the Bank of Japan to halt the recession through lending channel by
liquidity easing.

Keywords: quantity asing, dynamic panel, household lending, manufacturing
lending, excess reserve

1 Introduction

In the first twenty years of this century, during which Japan’s economy suffered a long
and chronic recession, one of the most prominent changes among various policy measures
is that of the monetary base. The amount of monetary base in Japan increased from 69
trillion Yen in March, 2001 to 644 trillion Yen in March 2021, which is much larger than
the amount of GDP in the same year. The ratio of base money to GDP jumped from 14%
to 108% in this twenty years. As the changes of monetary stock were relatively stable, the
changes of monetary base mainly reflect the increase of excess reserve holding by private
banks which means these amouts of liquidity were neither legally required nor lent to the
industrial sectors.

*Faculty of Economics and Business Administration, Yokohama City University. Seto 22-2, Kanazawa-
ku, Yokohama, Japan, 236-0027. I gratefully acknowledge the Yu-cho Foundation(Grant-in-Aid for Re-
search, 2021) for their financial support.
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Considering the function of central bank and its involvement with private banks in
the contemporary world, it is hard to imagine that such large-scale increase in monetary
base could have any real effects on the whole economy without the corresponding actions
of the private banks. This paper empirically investigate how the large-scale increase of
monetary base affected bank lending behaviors. While many studies focusing on the
same issue solely investigated the positive impact of central bank liquidity provision on
total lending (Bowman et al. (2015), Shioji(2019, 2020), Montgomery and Volz(2019)),
our empirical strategy is to look at the impact of monetary base on lending to different
sectors, especially that of manufacturing and household sectors.

Japan had been believed as the most successful country in the world with economic
growth and development before 1980s. However, Japan maintained the lowest level of
economic growth among the G5 countries since 2000. These phenomena troubled not
only policy-makers but also the academic researchers. Our study is motivated by the
following two considerations. One is that, as shown in Fig.1, comparing the large increase
in the measures of monetary policy (monetary base, M2), the changes of total bank lending
or GDP have been within a relatively narrow range in the last two decades. Although
the above mentioned studies positively evaluated the impacts of monetary policy to bank
lending, these effects are at most weak. In order to consistently explain the quantitatively
weak responses of bank lending to the unconventional monetary policy, we need to ask, are
there any qualitative, or, structural changes in the banks’ lending behavior accompanied
with the unconventional policy?

The second consideration is based on some recent studies pointing out that the rela-
tionship between credit and economic growth may not be linear and the lending provision
to different sectors may have different consequences to the economic growth. Arcand et
al.(2015) find that there is a limit in the positive effect between financial depth and eco-
nomic growth. There is, in particular, a threshold around 100% of credit to GDP ratio
above which credit expansion starts to negatively affect economic growth. In Japan, it
is well known that in the bubble era, the banking industry in Japan greatly increased
lending at a much higher pace than that of the real economy. The ratio of demestic bank
lending to GDP jumped from 61% in 1980 to 98% in 1989. It seems that this high ratio
was above the threshold pointed by Arcand et al. ! During the period of bubble, credit
supply, especially the credit supply by banking sector expanded rapidly. The problem
facing Japan was that she had to rebalance the size of financial intermediate scale to the
real economy, on the one hand, and also had to stimulate the aggregate demand through
monetary policy, on the other, to counter the recession. Beck et al. (2012) separately
estimate the growth-enhancing effects of credit supplies to different sectors. While the
credits to industrial positively affect economic growth, the credits to household sector do
not. Hoshi and Kashyap (1999) predict that as the credit expansion was accompanied
with the bubble, there should be a large scale shrinkage of bank loans (20%-30%) in the
following ten years in order to return Japanese economy to the normal state. In fact the

!The definition of financial depth in Arcand et al.(2015) also includes credit provision besides banking
sector, which means the overall lending provision in Japan at the end of bubble era would largely surpass
the critical level considered by Arcand et al.
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total amount of domestic bank lending dropped from 478 trillion Yen in March 1995 to
402 trillion Yen in March 2005 and the number of membership bank in Japanese Bankers
Association dropped from 144 in March 1999 to 112 in March 2020, although not all of
the exits were due to bankruptcy. However, after March 2005, the ratio of domestic bank
lending to GDP turned to increasing and reached the level even higher than that in the
bubble era in March 2020. Fig.2 shows the ratio of domestic bank lending to GDP from
1955 to 2020. Needless to say, the U-shaped recovery of the lending to GDP ratio reflects
the effect of the unprecedented liquidity easing policy by the central bank. Then how
should the liquidity easing policy affect the economic growth when the whole banking
industry needs to contract its lending size in order to return to its steady state? In order
to answer this question, it is helpful to see how the monetary policy influences lending
both quantitatively and qualitatively.

We concentrate on the period from March, 2001 to March, 2019, which correponds
to the period of the execution of unconventional monetary policy in Japan. The sample
banks are the member banks of Japanese Bankers Association. The main finding shows
that (1) the impact of monetary policy to the overall lending supply was weak; (2) while
household lending positively stimulated by the monetary policy, manufacturing lending
was negatively influnced by monetary base; (3) the main results are not changed by
including real estate or financial sector lending to household lending or by using dynamic
panel estimation. These results are consistent with the previous studies suggesting a
positive but weak response of the total bank lending to the monetary policy but also
find that there were significant changes in the lending composition. To the extent that
household credit is not associated with economic growth, our results also indicate that
the so-called lending channel in Japan is weak in Japan.

The remaining part of the paper is organized as follows. In section 2, we summarize
the basic characters of monetary policy and bank lending behavior in the last two decades.
Section 3 discusses the previous related studies and introduce the empirical hypothesis.
In section 4, we describe the data and the methodology used in this paper. Section 5
reports the estimation results. In section 6, we concludes the paper and discuss some
unsolved problems.

2 Monetary policy in recent Japan

Japan is the first country that started the unconventional monetary policy, although the
expression of “unconventional” began to be used later after many other countries adopted
the similar policies. Our basic concern is to know how the unconventional monetary policy
in Japan affected bank lending. Omne important assumption underlying the following
discussion is that the corresponding changes of aggregate volume of credit that banks are
ready to grant is a necessary condition, although may not be sufficent, for a monetary
policy to effectively affect other macro variables. For example, Japan experienced the
worst peacetime inflation in 1974. It is believed that the main reason of this inflation was
a loose monetary policy maintained by the Bank of Japan since 1971. We can observe
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that the loose monetary policy was accompanied by a sharp increase in bank credit. In
fact the monethly growth rate of domestic bank lending reached to the level of 25.83% in
December, 1972, which was the highest since 1965. (Fig. 3) So, it is natural to regard that
understanding the movement of bank lending is crucial for the effectiveness of monetary
policy especially in the country like Japan in which the financial system is dominated by
banking sector.

As the monetary policy in Japan during this period is already well documented in
other studies, for example Shioji (2020), Westelius (2020), here we only focus on the
movement of policy interest, monetary base and bank lending.

Fig. 4 shows the monthly average of uncollateral overnight call rate, which is the
policy interest rate in the period we concern. Roughly speaking, the policy interest rate
in Japan has been zero in the last quarter century. There are several exceptional periods
in which interest rates have increased, but the percentage of increase was small and the
period of increase was very short. In fact, the monthly average policy interest rate has
been never larger than 0.6% since 1996.

Fig. 5 reports the amount of monetary base and the ratio of realized deposit reserves
to legally the required reserves of the private banks. When the policy interest rate hit
the zero bound, it is difficult to further lower the nominal interest rate. The Bank of
Japan changed the target from the policy interest rate to the scale of monetary base
especially after the start of Abenomics in 2013. As shown in Fig. 5 the increase of
monetary base reflects the holding of excess reserves. Excess reserve holding happens
when the realized /required ratio exceed 100%. This ratio began to rise rapidly after 2013
and reached a level of over 3,000% after the end of 2016.

In this paper, we use the realized reserve holding by individual bank as the indicator of
monetary policy, and see how this measure affects the bank lending to different industries
or different sectors. We have discussed that the changes of total bank lending were
relatively small comparing with the changes of monetary base or M2. Before showing the
empirical results, it is helpful to look at the overall movement of the lending compositon.
Fig. 5 shows the changes of lending share to each industry from 1971 to 2019. It is widely
known that during the bubble era, bank lending shifted from manufacturing industry to
real estate industry. However, this shift started at least from years much earlier than
the bubble era. After the burst of bubble, the lending share to real estate industry
was relatively stable. However, the lending share to manufacturing industry continues to
decrease. The ratio of manufacturing lending to the total lending was around 10%. Instead
of lending to estate industry especially around the first decade of the new century. lending
to the household sector largely increased. Now household is the largest sector absorbing
bank credit. In the estimation of this paper we will see how the excess reserves affect
lending to different sectors.
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3 Related studies

There are three strands of issues related to this study. The first one relates with the credit
explosion during the bubble period. As shown in Fig. 2, bank credit in Japan largely
increased relative to the real economy during 1980s. As long as the credit explosion was
accompied with the occurence of bubble, the necessary adjustment after the bubble bust
means the downsizing of credit scale relative to the real economy. This is what suggested
by Hoshi and Kashyap (1999) that predit the general size of banking sector would decrease
by 20%-30%. This is the key to understanding the contradictions faced by the monetary
authority in recent years. On the one hand, the monetary authority needs to adjust the
credit explosion occurred in the bubble period and bring its financial intermediaries to
the normal level, and on the other hand, it also needs to stimulate bank credit to drive
the aggregate demand.

The second strand of researches directly investigate the impact of monetary policy
to bank lending. Some of these studies emphasize the positive effects of unconventional
monetary policy on private lending (Brown et al. (2015), Shioji (2019, 2020), Montgomery
and Volz (2019)). 2 There are two problems in these studies. One is that if monetary
policy is effective to increase bank lending, why the total bank lending had kept a pace
so slow comparing other monetary measures (Fig.1). Another problem is that all these
studies simply take the whole volume of bank lending as the target. None of them ask the
question of the credit composition. We need to ask which kind of lending was influenced
or not, and what are the differences between lending to differnent industries or sectors.

The third strand of researches related to this study are on the relation of bank lending
to economic growth or the differences of credit to different sectors in promoting economic
development. Arcand et al. (2015) emphasize the non-linear relation between credit to
private sector and economic growth. They successfully confirmed that when the credit
to the private sector reaches 100%, further financial depth will start to negatively affect
economic growth. There are good reasons to believe that this scenario may fit well with
Japan’s economy. The ratio of domestic bank lending to GDP largely increased in a rela-
tively short period accompanied with the bubble. It is possible that these sudden changes
were not supported by the real economic fundamentals. In fact, Hoshi and Kashyap (1999)
even predict that from the following certain years Japanese banking industry should shrink
its asset and lending size in order to keep the system sustainable.

Beck et al.(2012), Bezemer and Zhang (2019) also point out some limitations of bank
lending to economic development but from a different angle. Beck at al.(2012) compare
the growth-enhancing effects between enterprise credit and household credit. They find
that the enterprise creidt is possitively associated with economic growth but the latter is
not. Bezemer and Zhang (2019) find that changes in credit composition deeply correlated
with the occurence of crisis. They even suggest that morgage credit may damage the real
economy. These studies suggest that the relation between credit and economic develop-
ment may not be quantitatively linear, and also qualitatively different by different credit

2Ferreira-Lopes et al. (2022) show that in their database, more than half of the papers report negative
or nonsignificant effects of the quantity easing monetary policy in Japan.
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composition. It is natural to ask the question, how the unconventional monetary policy
in Japan influenced the lending behavior by assuming that the impact may be different
for different industries or different sectors.

4 Methodology and data sample

This section introduces the methodology and the data sample.

4.1 Methodology

The main results are based on the standard panel data estimation. We pay attentions to
the potential endogeneity problem by introducing instrumental variables.
Our main concern is the impact of the deposit reserve growth to lending to each sectors,
especially the differences between manufacturing lending and lending to other sectors.
The lending supply function is defined as follows,

Vi = o + B19-00J; 1—1) + BoTi1—1) + Vi + Uiy

where y; ; stands for the growth rate of total lending, lending to manufacturing and lending
to househoud sector for bank 7 in period t. g_boj;, is the growth rate of deposit reserve of
bank ¢ in period t. Deposit reserve is the sum of cash holding and deposit in the central
bank. x;; stands for other control variables. The control variables include bank size,
which is defined as the logarithm of total asset; the non-performing loan ratio, defined as
the ratio of risk management loans to total loans; loan interest rate, defined as the ratio
of lending interest revenue to total lending and capital ratio. To avoid the problem of
endogeneity, we take one period lag for all the independent variables,

Because demand side factors are not explicitly included in the estimation function, it
is possible that some independent variables, especially the deposit reserve growth, may
reflect certain demand-side changes. A bank may increase its reserve holding partly
because the Bank of Japan enlarged the market operation, and partly because this bank
is facing weak credit demand. In order to control the possible endogeneous biases, we
employ instrumental variables in the estimation. The candidates of instrumental variable
are the prefectural annual fire occurence per 10,000 people and the annual new baby-born
per 1,000 people. We assume that these two variables are highly correlated with the
demand-side factors but independent with the supply-side factors. The results will be
shown by fixed or random model. The model selection is based on Hausman test.

We also estimate the impact of monetary policy to bank lending using dynamic panel
method. It is possible that the lending behavior depends on the results in the past time.
That is, y;+ may be dynamicly evolved with its lag values. The lending supply function
may be defined as follows,

Vi = B1Yiy—1) + Boiy + Bawiy + v; + Uiy
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where z;; are the bank’s characteristics that may be predetermined, that is, it may not
be exogenous and may correlate with previously determined y;, but not infected by any
credit supply measures in the future. w;, are the exogenous variables. By differenciating
we can delete the individual effect of v,

Ay = BiAY; 1—1) + BoAwy + B3Aw;y + Augy

However, ;,7 = 1,2,3, could not be consistently estimated by the standard fixed or
random effect model, because the difference term of Ay; ;1) and the difference term of
Au,;, are correlated.

E<Ayi,(t—1)Aui,t) #0

Still we can consistently estimate the parameters by using appropriate moment con-
ditions. Allerano and Bond(1991) suggests to use the lagged variables of y;; as legitimate
instrument varialbes, which are not correlated with the error term but correlated with
the endogenous variables. The moment conditions are as follows,

E(yig—1-)Auy) = 0,5 > 1

Other endogeneous or pre-determined variables could be treated in the same way. Blundell
and Bond(1998) suggests that together with the conditions on the differenced equation,
the conditions on the level equation could also form part of appropriate moment condi-
tions. By the latter conditions the problem of weak instruments can be avoided, although
assumption on the initial lagged variable of y;, and individual effects is needed. to the
level equation, that is,

E(Ayi-1-j(vi +uig)) =0,5 > 1

We also show the results of dynamic panel estimation based on system GMM approach.

4.2 Data sample

Data used in this paper are mainly taken from Nikkei NEEDS Financial Quest. We also
hand collect data from individual bank’s security report or the web sites of Japanese
Bankers Association in the cases that the data are missing in Nikkei NEEDS Financial
Quest but available by these sources.

We choose the period from 2001/3 to 2019/3 as our sample period because the Bank
of Japan started quantity easing from 2001. Annual data are used in this study because
same important measures are not available for the half-year frequence.

There are some difficulties in tackling data of individual bank. First, many banks
experienced bankruptcy, consolidation, acquisition. In the case of bankruptcy, usually
the operations of the bankrupt institution were absorbed by other banks. In fact, for all
of the major banks (city banks, long-term credit banks and trust banks), not a single one
could keep the same identity in the last thirty years.

For the following reasons, we focus only on the regional banks in our estimation sam-
ple. (1) In order to control the potential demand-side factors, we construct instrumental
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variables based on prefectural data. For city and trust banks, these instrumental vari-
ables are not available. (2) City banks often transfer asset within the financial group.
For example, in fiscal year 2018, MUFG bank increased total lending and manufactur-
ing lending by 11% and 26% respectively. This change simply reflexed the asset transfer
from Mitsubishi UFJ Trust and Banking within the group. Such kind of transfer will
make data construction difficult. (3) During the sample period, almost all of city and
trust banks experienced organizational restruction. The changes also bring us difficulties
to separate the changes of lending to each sector due to organizational restruction from
the influence of monetary policy. For example, Mizuho Bank separated the retail and
whole-sale business into two separated banks and then reunited these two banks into one
in 2013; Resona Bank received huge amount of rescure funds from the government in 2003
and had to accept certain management-improving plans requested by the governemnt.

For banks that included estimation sample, we exclude these that went bankrupt
during the sample period. We also delete the bank-year observations that experienced
merger or aquisition.

For the reserve data, as pointed in Shioji(2020), the offically published data are only
reported before the fiscal year 2013. However, the equivalent measure is available from the
cash flow sheet in the concolidated financial statement. Our sample includes 115 regional
banks. Due to missing value in some cases and the exclusion of merger or acquisition
bank-year observation, the data are in the umbalanced panel form.

5 Empirical results

5.1 Discribtive statistics of variable

Table 1 shows the basic statistics of variables for the estimation sample. We should note
that the figures in Table 1 do not include mega banks. We calculate the basic statistics
for period 2001/3 - 2019/3, for which we also express it as the whole period; 2001/3 -
2012/3, the first half period and 2013/3 - 2019/3, the second half period.

There are large differences among lending growth rate to diffenent indutries. The dif-
ferences are quite similar for the three periods. The lending to household sector (g_pers),
the sum of lending to household sector and real estate industry (g_persfudo) and the sum
of lending to household sector, real estate industry and finance and insurance industries
(g-persfudokink) show large increase for all the three periods. The growth rates of the
total lending (g_loan) are also positive but quite smaller than that of the abover three
sectors. The growth rate of manufacturing lending is the lowest, not statisticlly different
from zero for all the three periods. The manufacturing lending share is about 10.88% for
the whole period and has a lower level for the second half period than that of the first
half.

Another worth-noting fact is the growth rate of reserve (g_boj). The whole, first half
and second half period average of g_boj are 25%, 17% and 38%, respectively, which reflect
the bold easing monetary policy of Abenomics.
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We can also observe from Table 1 that the financial stability conditions of these regional
banks have been improved. The non-performing loan ratio (npl) was lowering and kept
at quite low level in the second half period. The capital ratio (r_cap) was increasing and
attained at 11% in the second half period. However, the lending interest rate, which is
deined as the ratio of interest revenue to total lending was decreasing. The average of
this measure is only 1.43% in the second half period. Needless to say, this fact reflects
the low interest rate monetary policy. Considering that the basic business model for a
typical bank is to intermediate deposit to lending, the low interest revenue may heavily
burden the banking management.

5.2 Results of panel estimation using instrumental variable

Table 2 - 4 report the results based on panel estimation method for 2001/3 - 2019/3,
2001/3 - 2012/3 and 2013/3 - 2019/3, respectively. In order to control the endogeniety
of reserve holding, we use prefectural new baby borth rate and the fire occurence as
instrumental variables.

Table 2 shows the resuts for the whole period. The variables indicating bank health
condition show fairly reasonable influences to the lending behavior. The nonperforming
ratio (npl) negatively affected and capital ratio (r_cap) positively affected the total lend-
ing (gloan) and manufacturing lending (g_manu), respectively. However, these health
condition measures do not show any signifiant influences to household lending (g_pers),
which indicates that these lending behaviors may be based on some different logic to that
of manufacturing or total lending.

The impacts of bank’s reserve-holding to lending to each different sectors, which are
our main concern in this study, are interesting. The total lending received a positive, al-
though not significant influence from the increase of reserve-holding. However the impact
from reserve-holding to manufacturing and household lending are completely different.
Manufacturing lending is negatively and significantly affected by the increase of reserve-
holding and household lending received a positive and significant influence from it.

These results tell us as long as lending to different secors has different implications for
the business cycle (Mian and Sufi (2018)), it is meaningless to simply confirm the total
volume of credit provision. In the last two decades of Japan, the liquidity easing only
mildly impacts the total credit provision, the influence to manufacturing lending is even
negative. However, the household lending largely and positively react to the liquidity
easing.

Table 3 and 4 show the resuts for the first and second half periods. The second half
period corresponds to the period of Abenomics in which an ambitious monetary policy
was put forth. (Fig. 5) We may simply expect a stronger effect of monetary policy
on the bank lending. Although the influence of reserve growth (g_boj) to total lending
(g_loan) becomes weakly significant in the second half period, the significant level of
other independent variables is generally lower than that of the whole period. The results
in Table and 4 indicate that the lending shift from manufacturing to other sectors caused
by monetary policy is not specific to the period of Abenomics.

— 165 —



Table 5 to Table 7 report the results when we add lending to real estate industry and
financial and insurance industry to the lending to household sectors. The lending shift
from manufacturing to real estate indusry and financial and insurance industry was one
of the distinct changes in the bubble period. However, the the growth of lending to these
industries caused by the quantity easing is not as significant as the growth of lending to
the household sector in our sample periods.

5.3 Results of dynamic panel estimation

Table 8 - Table 13 show the similar results by dynamic panel estimation. The message
is quite similar with the results in Table 2 - 7. That is, (1) in no case can we observe a
positive and significant impact from the growth of deposit reserve to the manufacturing
lending; (2) the positive and signifiant influence of the growth of deposit reserve can only
be observed in lending to household sector, real estate industy or finance and insurance
industries although with some cases showing insignificant impacts.

6 Concluding remarks and discussion

In this study, instead taking the whole lending volume as the target of monetary policy, we
separately checked the impact of monetary policy to lending to different sectors, especially
lending to manufacturing and lending to househoud. We find that the central bank’s
liquidity provision had a very limited influence on total lending and even negative influence
to manufacturing lending. However the household lending was significantly promoted by
the quantity easing.

Combined with the results from the previous studies (Beck et al. (2012), Arcand et al.
(2015), Bezemer and Zhang (2019)), our results indicate the limit of central bank policy
in stimulating credit provision to get out of the recession in the last two decades.

Some issues need to be further researched. The lending composition could also be
investigated from other angle. For example, banks may change their request for collateral.
Whether the behavior of Japanese banks in the recent decades be consistent with the so-
called “search for yield” (Martinez-Miera and Repullo (2017)) also need to be investigated
from both theoretical and empirical aspects.
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Figure 1: GDP and Some Monetary Indicators
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Figure 2: Ratio of domestic bank lending to GDP
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Figure 3: Bank Lending and Inflation during the First Oil Shock
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Figure 4
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Figure 5: Monetary Base and Realized /required Reserve Ratio
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Industrial Lending by Domestic Banks

Figure 6

ial Lending by Domestic Banks
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Table 1: Descriptive statistics

mean \ std dev \ min \ max
2001/3-2019/03
g loan 1.74 3.34 | —16.74 | 17.10
g_manu —0.71 7.33 | —33.64 | 47.10
g_pers 3.31 6.89 | —42.65 | 77.01
g_persfudo 3.88 5.20 | —21.23 | 44.02
g_persfudokink 3.68 4.97 | —19.10 | 34.78
r_manu 10.88 4.74 1.33 | 26.62
g_boj 24.72 78.54 | —83.70 | 782.26
npl 4.50 2.75 0.78 | 19.01
r_cap 10.17 2.06 2.17 | 20.90
size 14.50 0.92 12.08 | 16.64
l_rate 1.95 0.55 0.72 3.59
r_fire 40.19 9.64 0.90 | 69.63
r_newb 8.31 1.07 4.98 | 12.71
2001/3-2012/03
g loan 0.94 3.37 | —16.74 | 14.33
g manu —0.72 8.10 | —33.64 | 47.10
g_pers 3.03 7.65 | —42.65 | 77.01
g_persfudo 3.50 5.70 | —21.23 | 44.02
g_persfudokink 3.20 5.36 | —19.10 | 34.78
r_manu 11.54 4.83 2.28 | 26.62
g_boj 17.44 72.49 | —80.09 | 472.29
npl 5.57 2.80 1.29 | 19.01
r_cap 9.96 1.91 2.17 | 16.98
size 14.39 0.89 12.08 | 16.35
l_rate 2.23 0.39 0.72 3.56
r_fire 43.76 9.09 0.90 | 69.63
r_newb 8.65 0.95 6.05 | 12.71
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(continued)

mean \ std dev \ min \ max
2013/3-2019/03
g loan 3.18 2.75 1 —-10.69 | 17.10
g manu —0.69 5.72 | —28.80 | 33.72
g_pers 3.80 5.24 | —22.59 | 48.49
g_persfudo 4.54 4.07 | —=9.38 | 31.70
g_persfudokink | 4.54 4.03 | —10.15 | 30.94
r_manu 9.71 4.34 1.33 | 20.24
g_boj 37.61 86.83 | —83.70 | 782.26
npl 2.58 1.15 0.78 | 12.76
r_cap 10.55 2.27 5.85 | 20.90
size 14.69 0.92 12.34 | 16.64
l_rate 1.43 0.38 0.80 3.59
r_fire 33.78 6.89 16.15 | 61.97
r_newb 7.70 1.01 4.98 | 12.03

Note: g_loan, g manu g _pers g_persfudo and g_persfudokink stand for the annual
growth rate of total lending, manufactural lending, household lending, sum of house-
hold and real estate sector lending and sum of household, real estate and financial
sector lending. The figures are in percentage.

r_manu is the ratio of manufacturing to total lending. The figures are in percentage.

g_boj is the growth rate of the sum of cash holding and deposits in the central bank’s
account. The figures are in percentage.

npl is non-performance loan ratio, defined as the ratio of risk-management lending
to total lending. The figures are in percentage.

r_cap is capital ratio. The figures are in percentage.

l_rate is the lending rate defined as the ratio of interest revenue to total lending.
The figures are in percentage.

size is the logarithm of total asset.

r_fire and r_newb are the prefectural fire occurence per 10,000 people ratio and
new-baby born per 1000 people ratio.
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Table 2: Monetary base and bank lending in 2001/3-2019/3, instrumental panel estimation

(1) (2) (3)

g loan g_manu g_pers
g_boj_1 0.0036 -0.1024** 0.1590***
(0.33) (-2.47) (2.90)
npl_; -0.2354***  -0.5193*** -0.2162
(-4.60) (-2.70) (-0.85)
r.cap_g 0.2451**  0.6057*** -0.2509
(4.25) (2.80) (-0.88)
size_, -2.6870*** 0.4517 -12.3559***
(-3.25) (0.15) (-3.01)
lrate_; -2.3223*** 0.8694 -2.3391*
(-8.15) (0.81) (-1.65)
number of obs 1989 1973 1973
number of banks 115 115 115
method fixed fixed fixed

t statistics in parentheses
*p<0.1, " p<0.05 ** p<0.01

Note: The dependent variabls of g_loan, g_manu g_pers are defined as the annual
growth rate of total lending, manufactural lending and household lending. These
figures are in percentage.

g_boj is the growth rate of the sum of cash holding and deposits in the central bank’s
account. The figures are in percentage.

npl is non-performance loan ratio, defined as the ratio of risk-management lending
to total lending. The figures are in percentage.

r_cap is capital ratio. The figures are in percentage.

I_rate is the lending rate defined as the ratio of interest revenue to total lending.
The figures are in percentage.

size is the logarithm of total asset.

r_fire and r_newb are the prefectural fire occurence per 10,000 people ratio and new-
baby born per 1000 people ratio.
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Table 3: Monetary base and bank lending in 2001/3-2012/3, instrumental panel estimation

(1) (2) (3)

g_loan g manu g_pers
g boj_q -0.0088 -0.0280 0.0846*
(-0.53) (-0.72) (1.78)
npl_; -0.2903***  -0.5747*  0.0254
(-5.73) (-4.78) (0.17)
r.cap_i 0.2458***  (0.3290** 0.2333
(3.61) (1.99) (1.16)
size_; -0.1319 -0.2732 0.4319
(-0.85) (-0.73) (0.94)
lrate_; -0.1169 -2.0835**  -0.2302
(-0.28) (-2.11) (-0.19)
number of obs 1274 1261 1261
number of banks 114 114 114
method random random  random

t statistics in parentheses
*p<0.1, ™ p<0.05 *** p<0.01

Note: The dependent variabls of g_loan, g_manu g_pers are defined as the annual
growth rate of total lending, manufactural lending and household lending. These
figures are in percentage.

g_boj is the growth rate of the sum of cash holding and deposits in the central bank’s
account. The figures are in percentage.

npl is non-performance loan ratio, defined as the ratio of risk-management lending
to total lending. The figures are in percentage.

r_cap is capital ratio. The figures are in percentage.

I_rate is the lending rate defined as the ratio of interest revenue to total lending.
The figures are in percentage.

size is the logarithm of total asset.

r_fire and r_newb are the prefectural fire occurence per 10,000 people ratio and new-
baby born per 1000 people ratio.
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Table 4: Monetary base and bank lending in 2013/3-2019/3, instrumental panel estimation

(1) (2) (3)

gloan g manu g pers

g_boj_1 0.0504*  0.0697 0.0504*
(1.65) (0.50) (1.93)
npl_ -0.4576 -0.26561  -1.1813
(-1.22)  (-0.75) (-1.58)
r.cap_i -0.0128  0.2973 -0.5004
(-0.06) (1.23) (-1.28)
size_q -0.2294 -0.9646 -10.5839*
(-0.33)  (-0.95) (-1.65)
l.rate_; 0.0850 -2.1410 -2.2983
(0.07) (-1.44) (-0.84)
number of obs 715 712 712
number of banks 113 113 113
method random random fixed

t statistics in parentheses
*p<0.1, " p<0.05 ** p<0.01

Note: The dependent variabls of g_loan, g_manu g_pers are defined as the annual
growth rate of total lending, manufactural lending and household lending. These
figures are in percentage.

g_boj is the growth rate of the sum of cash holding and deposits in the central bank’s
account. The figures are in percentage.

npl is non-performance loan ratio, defined as the ratio of risk-management lending
to total lending. The figures are in percentage.

r_cap is capital ratio. The figures are in percentage.

I_rate is the lending rate defined as the ratio of interest revenue to total lending.
The figures are in percentage.

size is the logarithm of total asset.

r_fire and r_newb are the prefectural fire occurence per 10,000 people ratio and new-
baby born per 1000 people ratio.
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Table 5: Monetary base and bank lending in 2001/3-2019/3, additional evendence

(1)

g_persfudo g _persfudokink

(2)

g boj_4 0.0649** 0.0571**
(2.44) (2.33)
npl_; -0.1872 -0.1102
(-1.51) (-0.96)
r.cap_i -0.1905 -0.0850
(-1.37) (-0.66)
size_; -8.0614*** -6.8905***
(-3.69) (-3.42)
l.rate_; -2.6476*** -2.5439***
(-3.81) (-3.97)
number of obs 1952 1952
number of banks 115 115
method fixed fixed

t statistics in parentheses
*p<0.1, " p<0.05 ** p <0.01

Note: The dependent variabls of g_persfudo is defined as the annual growth rate
of the sum of lending to household and real estate. g_persfudokink is the annual
growth rate of the sum of lending to household, real estate and finance and insurance
industries. These figures are in percentage.

g_boj is the growth rate of the sum of cash holding and deposits in the central bank’s
account. The figures are in percentage.

npl is non-performance loan ratio, defined as the ratio of risk-management lending
to total lending. The figures are in percentage.

r_cap is capital ratio. The figures are in percentage.

I_rate is the lending rate defined as the ratio of interest revenue to total lending.
The figures are in percentage.

size is the logarithm of total asset.

r_fire and r_newb are the prefectural fire occurence per 10,000 people ratio and new-
baby born per 1000 people ratio.
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Table 6: Monetary base and bank lending in 2001/3-2012/3, additional evidence
(1) (2)

g_persfudo g _persfudokink

g boj_4 0.0533 0.0192
(1.49) (0.66)
npl_; -0.1317 -0.0393
(-1.07) (-0.39)
r.cap_i 0.1084 0.0433
(0.45) (0.22)
size_ -8.7545** -5.1027*
(-2.49) (-1.80)
l.rate_; -1.8564 0.4863
(-0.90) (0.29)
number of obs 1247 1247
number of banks 114 114
method fixed fixed

t statistics in parentheses
*p<0.1, " p<0.05 ** p <0.01

Note: The dependent variabls of g_persfudo is defined as the annual growth rate
of the sum of lending to household and real estate. g_persfudokink is the annual
growth rate of the sum of lending to household, real estate and finance and insurance
industries. These figures are in percentage.

g_boj is the growth rate of the sum of cash holding and deposits in the central bank’s
account. The figures are in percentage.

npl is non-performance loan ratio, defined as the ratio of risk-management lending
to total lending. The figures are in percentage.

r_cap is capital ratio. The figures are in percentage.

I_rate is the lending rate defined as the ratio of interest revenue to total lending.
The figures are in percentage.

size is the logarithm of total asset.

r_fire and r_newb are the prefectural fire occurence per 10,000 people ratio and new-
baby born per 1000 people ratio.
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Table 7: Monetary base and bank lending in 2013/3-2019/3, additional evidence

(1) (2)

g_persfudo g _persfudokink

g boj_4 0.0435** 0.0425
(2.04) (1.34)
npl_; -1.2013* -0.5324
(-1.96) (-1.27)
r.cap_i -0.1765 0.0717
(-0.54) (0.30)
size_1 -12.4252** -0.4540
(-2.34) (-0.60)
l.rate_; -4.0414* -0.5983
(-1.81) (-0.46)
number of obs 705 705
number of banks 102 102
method fixed random

t statistics in parentheses
*p<0.1, " p<0.05 ** p <0.01

Note: The dependent variabls of g_persfudo is defined as the annual growth rate
of the sum of lending to household and real estate. g_persfudokink is the annual
growth rate of the sum of lending to household, real estate and finance and insurance
industries. These figures are in percentage.

g_boj is the growth rate of the sum of cash holding and deposits in the central bank’s
account. The figures are in percentage.

npl is non-performance loan ratio, defined as the ratio of risk-management lending
to total lending. The figures are in percentage.

r_cap is capital ratio. The figures are in percentage.

I_rate is the lending rate defined as the ratio of interest revenue to total lending.
The figures are in percentage.

size is the logarithm of total asset.

r_fire and r_newb are the prefectural fire occurence per 10,000 people ratio and new-
baby born per 1000 people ratio.
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Table 8: Dynamic panel estimation results, 2001/3-2019/3

0 ) )
g _loan g manu g_pers
g loan_; -0.0562***
(-25.91)
g_manu._i 0.0196**
(2.26)
g_pers_; -0.0030*
(-1.67)
g_-boj_4 0.0734** 0.0086 0.0883***
(5.23) (0.26) (3.48)
npl_; 0.0207 -0.5769**  0.6425***
(0.52) (-5.96) (7.93)
r.cap_ 0.4580***  1.3988*** -0.0272
(8.16) (9.17) (-0.28)
size_; -11.9469**  -9.6283** -13.7979***
(-16.65) (-6.52) (-12.19)
l.rate_ 3.7396**  6.6136*** -0.6493
(10.19) (8.36) (-0.84)
number of obs 1998 1968 1968
number of banks 115 115 115

t statistics in parentheses
*p<0.1,* p<0.05 *** p<0.01

Note: For the definitions of each variable, see Table 2-4.
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Table 9: Dynamic panel estimation results, 2001/3-2012/3

0 ) )
g _loan g manu g_pers
g loan_; -0.0842**
(-20.04)
g_manu._i 0.0167
(1.39)
g_pers_ -0.0315™
(-4.70)
g-boj_, 0.1016** -0.0009 0.0809
(3.90) (-0.02) (1.30)
npl_; 0.1075**  -0.5958"*  0.8316™**
(2.00) (-5.42) (7.13)
r.cap_g 0.3881***  1.4228*** 0.0387
(3.96) (5.04) (0.20)
size_; -15.9131*  -8.6141** -19.7933***
(-10.96) (-4.80) (-9.62)
l.rate_ 3.9380***  5.3605*** 3.3454**
(8.13) (3.54) (2.45)
number of obs 1127 1258 1258
number of banks 114 114 114

t statistics in parentheses
*p<0.1,* p<0.05 *** p<0.01

Note: For the definitions of each variable, see Table 2-4.
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Table 10: Dynamic panel estimation results, 2013/3-2019/3

(1) (2) (3)
g_loan g_manu g_pers
g loan_; 0.0218
(1.42)
g_manu_ 0.0600*
(1.69)
g _pers_ 0.0591**
(5.62)
g boj_4 0.0620*** -0.0277 0.0567
(2.97) (-0.42) (1.59)
npl_; -0.4935**  -1.4287** -0.5891*
(-2.47) (-2.54) (-1.94)
r_cap_ 0.6868*** 0.1777 0.5087***
(6.38) (0.69) (2.86)
size_q -2.7283***  5.1750**  -7.8074***
(-4.13) (3.61) (-3.28)
lrate_; 0.3906 11.6377*** -4.8131***
(0.61) (6.92) (-4.26)
number of obs 714 710 710
number of banks 106 103 103

t statistics in parentheses
*p<0.1,* p<0.05 *** p<0.01

Note: For the definitions of each variable, see Table 2-4.
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Table 11: Dynamic panel estimation results, additional evidence, 2001/3-2019/3

(1) (2)
g_persfudo g_persfudokink
g _persfudo_; -0.0070**
(-2.36)
g_persfudokink 4 -0.0121**
(-3.52)
g boj_4 0.1274** 0.0871**
(5.21) (3.04)
npl_; 0.1637* 0.3368**
(2.37) (4.40)
r_cap_i -0.1406* -0.0070
(-1.82) (-0.08)
size_q -13.3096*** -13.7492***
(-11.37) (-10.73)
lrate_; -0.0749 1.8010**
(-0.11) (2.40)
number of obs 1945 1945
number of banks 115 115

t statistics in parentheses
*p <01, * p<0.05 *** p<0.01
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Table 12: Dynamic panel estimation results, additional evidence, 2001/3-2012/3

0 @)
g _persfudo g _persfudokink
g_persfudo_; -0.0401
(-5.10)
g_persfudokink_ -0.0423***
(-5.39)
g boj_4 0.1343** 0.1357*
(2.43) (2.27)
npl_; 0.2895%** 0.2864***
(2.87) (2.68)
r_cap_i -0.2136 0.1406
(-1.46) (0.90)
size_q -20.0026*** -19.1566***
(-9.96) (-8.51)
l.rate_; 1.7530 4.0707*
(1.43) (3.16)
number of obs 1242 1242
number of banks 114 114

t statistics in parentheses
*p <01, * p<0.05 *** p<0.01

Note: For the definitions of each variable, see Table 5-7.
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Table 13: Dynamic panel estimation results, additional evidence, 2013/3-2019/3

(1) (2)

g _persfudo g _persfudokink

g_persfudo_; 0.0340***
(3.28)
g_persfudokink 0.0387*
(2.07)
g boj_4 0.0246 0.0130
(0.84) (0.34)
npl_; -0.5778* 0.2922
(-1.87) (0.83)
r_cap_i 0.5703*** 0.8455"**
(3.93) (4.91)
size_q -4.4405*** -1.1679
(-3.08) (-0.82)
l_rate_; -4.2463*** -3.3441**
(-5.12) (-3.25)
number of obs 703 703
number of banks 102 102

t statistics in parentheses
*p<0.1,* p<0.05 *** p<0.01

Note: For the definitions of each variable, see Table 5-7.
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