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Abstract

Among financial crises in developed economies, the one in Japan after the burst

of the bubble economy in the early 1990s was unprecedented in terms of the

length and depth of the subsequent economic downturn. Debates about Japan’s

prolonged stagnation have been raised accordingly, and the issue concerning the

lending behavior of banks with impaired capitals has been the most active one,

such as Woo (2003), Peek and Rosengren (2005), Gan (2007), and Caballero et

al. (2008). In this project, using a loan-level matched sample of Japanese banks

and their listed borrowers from 1991 to 2010, we examine how bank-firm relation-

ships affect Japanese macroeconomy, in particular, focusing on their termination.
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On the Macroeconomic Effects of Bank─Firm Relationships�

Our project produces two papers, “Termination of Bank-Firm Relationships”

and “The Real Effects of Bank-driven Termination of Relationships”. The former

was submitted to Journal of Financial Intermediation in February 2016, while the

latter was submitted to Journal of Banking and Finance in January 2016. The two

journal have received the highest reputation among international banking- and fi-

nance-related journals ; hence, these journals have been well known to be very dif-

ficult to publish papers. Fortunately, the editors-in-chief of the two journals re-

quest us to revise both the papers and we are now revising them for resubmission.

Our analysis in the two papers can be summarized in the following.

In the first paper, “Termination of Bank-Firm Relationships”, we examine what

factors determine the termination of the bank-firm relationship. The constraints on

bank capital in a Japanese banking crisis increased relationship terminations, im-

plying the presence of a capital crunch in it. Moreover, the “flight-to-quality” be-

havior of bank prevailed instead of “evergreening” in relationship terminations.

We also found that a longer duration of the relationship strongly decreased the

probability of termination when Japan’s banking system was stable. Such duration

effects weakened when the system was fragile, however, the longer duration still

had the intertemporal smoothing effects of loan prices. Our finding of the duration

effects allows us to understand why Japanese banks continue relationships with

highly risky firms such as the zombie firms.

In the second paper, “The Real Effects of Bank-driven Termination of Relation-

ships”, we examine the effects of bank-driven terminations of bank-borrower rela-

tionships on the investments of borrowing firms. We find that while bank-driven

terminations do not always affect investment, they do when the firms facing termi-

nation have difficulty in either establishing a new relationship or increasing bor-

rowings within their existing relationship. Our findings coincide with the predic-

tion of existing theoretical models whereby financial frictions in a matching

process in credit markets play an important role in firm investment. Our analysis

clarifies the mechanism in which the bank-driven termination due to shocks to

bank balance sheet would amplify an economic downturn more, compared with the

simple decrease in bank credits within continuing relationships.

Below, we only report the first paper, “Termination of Bank-Firm Relation-

ships”, in detail because of limited space. For the second paper, “The Real Effects

of Bank-driven Termination of Relationships”, please see its discussion paper ver-

sion in the webpage of SSRN and MPRA.



1. Introduction

Bank loan markets have been studied extensively in economics literature as a

mechanism that amplifies adverse shocks and as a source of macroeconomic fluc-

tuations, given its importance as a main funding source in many developed and de-

veloping economies.

The main feature of a bank loan market is that it has a decentralized matching

mechanism that can lead to financial frictions. Some recent theoretical studies show

that the matching structure amplifies an adverse shock, thereby provoking a pro-

longed stagnation (Den Haan et al. (2003) and Becsi et al. (2005 ; 2013)).� As pre-

dicted by the theoretical studies, we observe in Figure 1 a substantial increase in

terminations between Japanese banks and listed borrowing firms in the late 1990s

and early 2000s, when the Japanese economy experienced low growth rates and a

banking crisis.�

Other studies have focused on a bank lending system based on a specific bank-

firm relationship, the so-called relationship banking. To investigate the costs and

benefits of relationship lending, these studies have mainly examined the cross-

sectional variation in the strength of the relationships between banks and borrow-

ing firms (see Boot (2000) and Degryse and Ongena (2008) for empirical surveys

of relationship banking). However, very few studies have paid attention to why and

how bank-firm relationships develop over time in terms of pros and cons of rela-

tionship banking.

In this paper, we fill the gap between studies highlighting the decentralized

structure of bank loan markets and those focusing on the role of a tight bank-firm

relationship by addressing what factors contribute to relationship terminations.

Specifically, we examine when and how banks’ financial condition and the duration
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of relationships affect relationship terminations. To this end, we use a loan-level

matched sample of Japanese lending banks and their borrowing firms over a period

of 20 years. Our matched data allow us to track when a bank-firm relationship ter-

minated and how longit continued.

Our analysis exploits the fact that the Japanese banking sector fell into a severe

banking crisis and experienced regulatory changes in the late 1990s and the early

2000s. Such drastic changes in financial conditions would affect banks’ and firms’

decisions on whether to terminate their existing relationships. Hence, the inclusion

of both sample periods before and after the late 1990s and the early 2000s enables

us to uncover the characteristics of bank-firm relationships by conducting a com-

parative analysis of sample periods, including those that overlap with the banking

crisis as well as the regulatory changes. Our abundant dataset from 1990 to 2010

allows us to more comprehensively isolate the mechanism of relationship
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terminations.�

We examine the association between banks’ financial condition and relationship

terminations in terms of three non-mutually exclusive explanations for the lending

behavior of banks with impaired capital in terms of relationship terminations : the

capital crunch, evergreening, and the flight-to-quality hypothesis.� In the face of

Japan’s banking crisis in the late 1990s, some empirical studies, including those by

Woo (2003), Watanabe (2007), and Gan (2007), demonstrated that the Japanese

banking sector in this period experienced a capital crunch, in which many banks re-

strained their lending.� However, Peek and Rosengren (2005), Watanabe (2010),

and Giannetti and Simonov (2013) found evidence of evergreening and the

misallocation of bank loans to distressed firms in the late 1990s and the early

2000s.

Almost all prior studies on the lending behavior of impaired banks investigated

bank loan changes in continuing bank-firm relationships, or conducted them with-

out distinguishing between loan changes in continuing relationships (Gan (2007))

and in relationship establishments and terminations (Woo (2003) and Watanabe

(2007)).� However, as pointed out by theoretical studies on the matching struc-

ture, a bank loan market would see matching and search frictions. Furthermore,

maintaining relationships would mitigate asymmetric information problems be-

tween banks and borrowing firms or help them accumulate a relationship-specific

asset. Therefore, the mechanism of adjusting bank loans in continuing relationships

should be different from the case of terminating and establishing relationships.�

For example, even if impaired banks lent more to distressed borrowers, once they

decided to terminate such relationships, they could preferentially choose the rela-

tionships with their non-distressed firms. Indeed, in formal testing, we found evi-

dence of a capital crunch as well as flight-to-quality behavior in distressed banks in

relationship terminations. That is, in the late 1990s and the early 2000s, when the

Japanese banking system was in severe distress, impaired banks were more likely

to terminate relationships than non-impaired ones ; however, impaired banks’
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relationships with profitable borrowers were more likely to be maintained than the

non-impaired banks’ ones.

Our finding extends the capital crunch hypothesis to lender-borrower relation-

ship terminations. In other words, a capital crunch also occurred with extensive

margins in bank loans. Furthermore, a capital crunch appeared with the flight-to-

quality behavior of distressed banks in relationship terminations ; therefore, the

flight-to-quality scenario offers a more plausible explanation of the relationship

terminations arising in a capital crunch than the evergreening scenario. Our finding

implies that “misallocation” in the bank loan market was not supported in relation-

ship terminations.

As discussed above, few studies have examined the dynamic evolution of bank-

firm relationships mainly because of the limited availability of a lender-borrower

matched sample. Among them, Ongena and Smith (2001), Farinha and Santos

(2002), and Miyakawa (2010) empirically examined the termination of lender-

borrower relationships by focusing on whether a longer duration decreased the

likelihood of terminating relationships. Ongena and Smith (2001) and Farinha and

Santos (2002) presented that more relationships would terminate as their

durations became longer, using a matched sample from Norway and Portugal. How-

ever, Miyakawa (2010) presented that fewer longer relationships would terminate

by using a matched sample in Japan through 1999. Like Miyakawa (2010), we use

a matched sample in Japan ; however, our analysis covers the more recent sample

period through 2010. Thus, our empirical analysis draws the same result and impli-

cation for the duration effect as Miyakawa (2010). This suggests the existence of

a relation-specific value in every Japanese bank-borrower relationship that facili-

tates the reusability of information over time and intertemporal transfers in loan

pricing.

To understand the mechanism of this duration effect, we further examine the du-

ration of relationships with high and low credit-risk firms. Using firms’ asset vola-

tility as a proxy for their credit risk, we find that the probability of ending
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relationships with highly volatile firms decreases as the duration of the relationship

increases even during a financial turmoil, while that with low-volatility firms does

not. Our finding suggests that long-term contracts in Japanese bank-borrower rela-

tionships were aimed at intertemporally smoothing loan prices by offsetting short-

term losses through long-term rents generated by firms with higher uncertainty, as

demonstrated by the theoretical literature on relationship banking (see Berlin and

Mester (1998) and Song and Thakor (2007)).

Our paper is organized as follows. Section 2 details the methodology for estima-

tion of the termination function and explains our loan-level matched dataset. Sec-

tion 3 reports the estimation results for the termination function. Section 4 exam-

ines the effect of banks’ weaker financial health on the termination of relationships

with its borrowing firms. In this section, we also examine which of the three sce-

narios is more plausible to explain relationship terminations between impaired

banks and borrowing firms by testing capital crunch, evergreening, and the flight-

to-quality hypothesis. Section 5 examines a duration effect on the termination of

bank-firm relationships. Section 6 provides concluding comments. The Appendix

explains how we define a relationship termination in the cases of M&A, business

transfer, and divestiture.

2. Estimation Model and Matched Data

We examine what factor contributes to terminating relationships between Japa-

nese banks and their borrowers by using not only lender-side but also borrower-

side attributes with the loan-level matched data. To this end, we first define a ter-

mination of bank-firm relationship, and then introduce our estimation model and

method to analyze it. We then describe the construction of our dataset, before de-

fining a new relationship as well as firm and bank variables included in the estima-

tion model.

On the Macroeconomic Effects of Bank…… (Mikami・Nakashima・Takahashi) �



2. 1. Estimation Model and Method

We define a termination of a relationship in fiscal year �as a case where firm �

borrows from bank �at the end of year ���but not at that of year �. To examine

what factors contributed to relationship terminations between Japanese banks and

their borrowers, we employ the probit model. Specifically, we define a termination

function of bank-borrower relationships as follows :

������������������

�����	������
����	�
���

�������������
������

����������
��������
��� (1)

����	�
�����

where �������denotes a termination dummy variable that takes the value one if

the relationship between firm �and lending bank �terminates in year �.

��������and 
������ indicate covariate vectors including observable charac-

teristics of firm �and lending bank �at the end of year ����respectively.

�����������indicates the relationship factors that capture the characteristics of a

relationship between lending bank �and its borrowing firm �at time ���To high-

light the importance of a duration effect on the probability of termination in our

study, the termination function (1) is explicitly written with a vector of duration

dummy variables, �������������. The duration dummies indicate the number of

years the relationship between lending bank �and its borrowing firm �has been

continued up to year ���.

In addition to the probit model, we also employ a logit model, however, since the

estimation results are qualitatively the same, we report only the estimation results

based on the probit model.�

As discussed in the Introduction, the purpose of our analysis is to examine what

factors determine the relationship termination. However, we should not exclude

the possibility that the effect of each factor on terminations is time-varying as the

Japanese regulatory system as well as the macroeconomic and financial conditions
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have changed drastically over time.� Accordingly, it would be best to incorporate

the possible time-varying effects of each factor. To this end, we adopt the strategy

of a period-by-period estimation of the termination function. Such a rolling estima-

tion strategy allows us to control for period-by-period changes in the

macroeconomic environment, thus avoiding the misspecification of a termination

mechanism. We employ this empirical strategy in the following analysis of the rela-

tionship termination.�

2. 2. Construction of Loan-level Matched Sample

We use a loan-level dataset : a matched sample of Japanese banks and their listed

borrowing firms. Our loan-level data is constructed on the basis of the Corporate

Borrowings from Financial Institutions Database compiled by Nikkei Digital Media

Inc. This Nikkei database collects information on corporate borrowings (long-term

debt with a maturity of more than one year and shortterm debt with a maturity of

one year or less) classified by each Japanese bank. This Nikkei database, compiled

through original Nikkei research, includes about 500,000 observations consisting of

more than 100 Japanese banks, 2,000 listed borrowing firms, and 18,000 banking re-

lationships for our sample period from 1990 to 2010 (see Table 1).

We combined the Nikkei database with a financial statement data of Japanese

banks and their listed borrowing firms, compiled by Nikkei Digital Media Inc. Japa-

nese banks’ fiscal year ends on March 31, however, the fiscal years of their borrow-

ing firms do not necessarily end on the same date. When combining the Nikkei da-

tabase with the financial statement data, we match bank-side information to bor-
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Number of observations Full Sample 1990�1999 2000�2010

Firms 1,992 1,792 2,174

Banks 138 150 127

Relations 16,528 19,760 13,411



rower-side information in the same fiscal year.

Our loan-level dataset has two types of selection biases. One arises from the exit

of some domestic listed companies from our loan-level data, for example, because

of their bankruptcy or their management buyout. We are not able to identify rea-

sons for listed companies to exit from our dataset. To deal with such a potential

bias, we adopt the strategy of excluding firms from our sample in year �when the

firm became unlisted between the end of year ���and �. In the estimation of the

termination function, this strategy might lead to the underestimation of borrower-

side effects on terminations.

A second bias is related to a bank’s survivorship. The Japanese banking sector

saw M&A, business transfers, (hereafter BT), and divestitures from the late 1990s

to the early 2000s. To construct our loan-level data set, we scrutinized whether

continuing banks took over a credit claim of merged or failed banks on its borrow-

ing firms before and after the relevant M&A, BT, or divestiture. The Appendix ex-

plains how we define the termination indicator and the duration of a bank-firm re-

lationship in the cases of M&A, BT, and divestiture in more detail.

A failure to track a credit claim transfer appropriately will lead to an excessive

counting of terminations. To mitigate this problem and to control for banks’ busi-

ness restructuring effect on terminations, we include seven dummy variables in the

termination function (1), which indicate an M&A, nationalization, privatization, BT,

change in corporate name, coming under a financial holding company, and divesti-

ture.�

2. 3. Termination and New Relationship

In addition to a terminated relationship, we identify a “new relationship” and

thereby examine whether a firm that established a new relationship in year ���is

more likely to terminate other relationships in year �. We define a new relationship

as one in which a new relationship is established as well as one where a terminated

relationship is revived. In this paper, however, we do not distinguish between
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these two. In other words, a new relationship in year �is simply defined as a case

where firm �borrowed from bank �at the end of year �but had not borrowed from

that bank at the end of year ���. Figure 2 shows historical paths of the total num-

bers of the respective indicators.

2. 4. Bank, Firm and Relationship Factors

In this subsection, we define bank, firm, and relationship factors included in the

covariate vectors, ��������, 	
����� and ���
������, thereby providing a

more concrete specification of the termination function (1) as our baseline termi-

nation model.

The bank covariates, 	
�����, include a variable typically characterizing its fi-

nancial fragility to investigate how a bank’s financial condition affects the probability

of termination. To this end, we include the one-period lag of the book leverage ratio

(��������), defined as
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��������� ��
Book Value of Equity

Book Value of Total Assets� ��
In addition to this ratio, we also use the lowly capitalized bank dummy

��	
�������and the nonperforming loan ratio ��������, thus conducting a ro-

bustness check on estimation results for the book leverage ratio in Section 4.�

The coefficient of the bank’s financial health indicators, including the bank lever-

age ratio, can either be positive or negative. It would be positive when Japanese

banks’ financial health deteriorates and the Japanese banking system falls into a

capital crunch. According to Woo (2003) and Watanabe (2007), many Japanese

banks were in a badly impaired capital state in the late 1990s and this severely con-

strained the supply of bank credit. If we assume that the relationship termination

can be ascribed to the bank’s capital crunch, our expected sign for an estimated co-

efficient on the bank book leverage ratio is positive.� However, as pointed out by

Peek and Rosengren (2005), if a bank with impaired capital conducts a window

dressing to avoid a further deterioration of their balance sheets, we expect that im-

paired banks would be more likely to maintain relationships with their borrowing

firms. It implies a negative coefficient for the book leverage ratio. Moreover, during

a non-financial crisis or an economic boom, we can expect that banks with higher

leverage will take more credit risks, as demonstrated by Adrian and Shin (2010).

In this case, our expected sign is negative because a negative estimate implies that

highly leveraged or more risk-taking banks would decide to preserve their existing

relationships rather than to terminate them.

In addition to the bank financial indicator, we include a major bank dummy vari-

able ����	������and a size variable �����������. The major bank dummy vari-

able takes one if bank �is a city bank or long-term bank, zero otherwise. The bank

size is calculated as the logarithm of the book value of total assets.

For firm covariates �������� to be included we consider firm’s 10

characteristics : book leverage ratio ����������, volatility of firm assets ���������,

return on assets ���	������, firm size �����������, firm age ����������, sales
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growth �����������, the liquid asset ratio ����	
�������, the firm marry dummy

����������, the firm termination dummy ����������, and the industry

dummy variables ����
�����.

The book leverage ratio of borrowing firms is constructed in the same way as

those of banks. The volatility of firm asset is defined as follows :

������
Market Value of Equity

Market Value of Firm
�

The market value of a borrowing firm is defined as the sum of the market value of

equity and the book value of total liabilities. The market value of equity is calcu-

lated by multiplying stock price at the end of year ���by the number of shares. To

estimate the volatility of the equity valuation ��, we calculate the standard deviation

of the market value of equity for the last month of a firm’s fiscal year, and then ex-

press the estimated volatility at annual rates.� The return on assets (hereafter,

ROA) is constructed by dividing a firm’s net profits by the book value of its total

assets and is expressed in percentage terms. The firm size is defined as logarithmic

values of a firm’s book value of assets. The firm age is defined as the years that

have elapsed up to fiscal year �since borrowing firm �started business. The firm

sales growth is calculated as the growth rate of gross sales. The firm liquid asset

variable is defined as the ratio of the liquid asset to the total book value of assets.

��������denotes the one-period lagged value of a firm termination indicator,

which takes the value one if any of firm �’s relationships with its lending banks ter-

minated in year ���. We can expect the sign of the coefficient for this variable to

be either positive or negative. For example if a past termination of firm �’s relation-

ships negatively affects its financial condition, its sign is expected to be positive ; in

contrast, if a termination forces the firm to rely more on the continuing banks for

its funding, its sign would be negative. In other words, by using the lagged value of

a firm’s terminations, we can investigate its spillover effects.

The marry dummy variable is an indicator variable that takes the value one if

firm �established a new relationship or revived a terminated relationship in year
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���. We include the marry variable to examine whether a firm that established a

new relationship with a bank in year ���is more likely to maintain relationships

with its lending banks in year �. ������	
�is the industry dummy variable indi-

cating the industry to which borrowing firm �belongs. We set up industry dummy

variables according to 33 industry sectors defined by Japan’s Securities Identifica-

tion Code Committee.

In addition to the 10 borrower-side, factors we include funding source variables

to indicate the dependence of a firm’s funding on alternative funding sources such

as equity and corporate bonds. This is because a firm’s dependence on funding

sources would affect the significance of the relationship to the firm. For example,

by issuing corporate bonds, firms would be less dependent on bank loans, thereby

terminating more relationships.

We consider four funding sources in this paper : equity increase, bank loans, cor-

porate bonds, and commercial paper. For a capital increase of borrowing firm �, we

use the equity increase dummy variable ������
�����that takes the value one if

the number of issued stocks increases in fiscal year ���. For the remaining four

funding sources, we normalize each of them by a firm’s book value of total liabili-

ties, and then calculate the one-period lags of the first difference of the normalized

funding variables, corporate bond �������, commercial paper �������, and bank

loans ����������.

The relationship factors ��������	�
 contain the one-period lags of bank �’s

lending exposure to firm ��������������and firm �’s borrowing exposure to bank

������		��������. The lending exposure of bank �to firm �is calculated as a

ratio of the loan to bank �’s total loan in year ����while the borrowing exposure of

firm �to bank �is calculated as a ratio of the loan to firm �’s total loan.�

In addition to the two exposure variables, the termination function (1) is speci-

fied as including a third relationship factor, the duration dummy variables

���������	�
indicating the duration of the relationship between lending bank �

and its borrowing firm �at time ����Following the previous studies of Ongena and
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Smith (2001), Farinha and Santos (2002) and Miyakawa (2010), we define the du-

ration of a relationship as the number of years it remains in our dataset. This is be-

cause we cannot observe the true duration of a relationship if it started in a pre-

sample period, before 1978. Hence, we use the duration of each relationship

defined in our dataset as a first approximation of the true duration. However, con-

sidering this data limitation of the left censoring in the framework of the baseline

model, we define our duration dummies as an indicator of a tertile of durations (that

is, short-, medium- and long-duration dummies) in each fiscal year, instead of the

duration itself. In Section 5, we discuss some advantages of our methodology in

more detail.�

Now, we sum up the covariates included in our baseline termination model―

bank factors contained in the book leverage ratio ����������, the major bank indi-

cator ���	
������and the bank size variable ����������. Firm factors comprise

the 10 characteristics of book leverage ratio ����������, volatility of firm assets

���������, return on assets ���
������, firm size ����������, firm age

����������, sales growth �����������, liquid assets ratio �����������, marry

variable ������������, firm termination variable �����������, industry dummy

variable ����������; and the four funding variables, equity increase

�����������, bank loan ��
�������, corporate bond ��������, and commercial

paper ��������. The relationship factors comprise the bank’s lending exposure to

each borrowing firm �������������, firm’s borrowing exposure from each lending

bank ����
��
�������, and the duration dummy variables ��������	
����.

Table 2 details the descriptive statistics for each covariate.

In the next section, we report estimation results for the baseline termination

function specified by including the above bank, firm, and relationship factors.

3. Estimation Results of the Baseline Model

The estimation results of the baseline termination model provide an overall view

of the terminations between Japanese banks and borrowing firms. Figure 3 shows
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the estimated average marginal effects (hereafter, AMEs) obtained by employing

the period-by-period estimation method. This section reports estimation results for

four categorized factors included in our baseline termination model : 1) the bank

factors ; 2) the firm factors, excluding the funding factors and the industry dummy

variables ; 3) the firm funding factors ; and 4) the relationship factors, excluding the

duration dummy variables.

On the Macroeconomic Effects of Bank─Firm Relationships��

Table 2 : Summary Statistis

Full Sample 1990s 2000s

Variable Mean Std. Dev. Min. Max. Mean Std. Dev. Mean Std. Dev.

Termination

TERM 0.067 0.249 0 1 0.05 0.217 0.087 0.282

Bank Factors

BLEV 96.511 1.773 87.260 149.105 96.97 1.345 95.95 2.05

MAJOR 0.654 0.476 0 1 0.682 0.466 0.621 0.485

BSIZE 16.721 1.371 11.684 18.852 16.675 1.275 16.778 1.479

LOWCAP 0.419 0.493 0 1 0.717 0.45 0.031 0.174

NPL 3.648 2.872 0.13 53.726 4.108 3.305 3.263 2.384

Firm Factors

FBLEV 69.615 17.709 8.886 303.199 69.615 17.709 64.074 18.29

Firm � 16.655 9.739 0.14 207.332 16.655 9.739 16.967 15.352

FROA 0.756 4.033 �176.487 63.529 0.756 4.033 0.2 7.537

FSIZE 11.597 1.648 6.265 16.46 11.597 1.648 10.84 1.532

FAGE 3.892 0.374 0.882 4.769 3.892 0.374 3.797 0.616

FSALES 0.017 0.173 �1.991 2.166 0.017 0.173 �0.003 0.261

FLIQUID 0.535 0.216 0.007 0.996 0.576 0.205 0.485 0.219

MARRY 0.285 0.451 0 1 0.285 0.451 0.344 0.475

FTERM 0.305 0.46 0 1 0.298 0.457 0.314 0.464

Firm Funding Fators

EQUITY 0.318 0.466 0 1 0.401 0.49 0.218 0.413

CBOND �0.137 6.331 �75.407 78.431 0.053 7.025 �0.368 5.359

CP 0.041 1.379 �32.025 33.919 0.094 1.367 �0.023 1.392

LOAN 0.157 7.585 �80.89 87.22 0.444 6.391 �0.192 8.809

Relationship Factors

EXPBORROW 11.234 14.064 0 100 8.779 11.623 14.217 16.056

EXPLEND 0.036 0.099 0 3.514 0.038 0.105 0.033 0.091

Duration Year 12.119 8.333 1 33 11.974 6.592 12.295 10.049

Duration Dummy 1 0.393 0.488 0 1 0.274 0.446 0.538 0.499

Duration Dummy 2 0.144 0.351 0 1 0.136 0.343 0.153 0.36

Duration Dummy 3 0.463 0.499 0 1 0.589 0.492 0.309 0.462

Duration dummy 1 indiates the shortest duration tertile and 3 indiates the longest. The mean and stan-

dard variation of all variables are calculated on the basis of relationships.



3. 1. Bank Factors

In Figure 3�1, we report estimation results of AMEs for the bank factors. The

positive and significant estimates for the bank’s book leverage ratio ����������

from the late 1990s to 2005 indicate that highly leveraged banks were more likely

to terminate the relationships with their borrowing firms during these periods.�

This result supports the existence of a capital crunch in relationship terminations

at that time. To show the robustness of our estimation results, in the next section,

we will estimate the termination model using alternative indicators of a bank’s fi-

nancial health and capital condition.

The AMEs for the major bank indicator ���	
������has positive estimates,

On the Macroeconomic Effects of Bank…… (Mikami・Nakashima・Takahashi) ��

�0.005

BLEV, MAJOR and BSIZE indicate the bank book leverage ratio, the dummy variable of a major bank,

and the bank size variable, resplectively. The solid line indicates a point estimate of AMEs for each

covariate and the shaded area shows the 90％ confidence interval of the estimate based on the rolling

estimations of the baseline model.
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Figure 3�1. Bank Factors



indicating that city banks and long-term banks were more likely to terminate rela-

tionships than other banks such as local banks. The bank size variable

�����������have negative estimates for almost all sample periods, which implies

that large banks are less likely to terminate their relationships.

From the estimation results of the bank factors, we can infer that highly lever-

aged small banks were more likely to terminate relationships with their borrowers

from the late 1990s to 2005.

3. 2. Firm Factors

Figure 3�2 shows the estimation results for the firm covariates. The AMEs for

the firm’s book leverage ratio ��	�
�����is estimated to have negative values be-

fore 1998 and after the mid-2000s, indicating that highly leveraged firms are less

likely to face relationship terminations than lowly leveraged ones. In contrast, it has

significantly positive values for some periods in the late 1990s and the early 2000s.

Given that these periods correspond to the time when the Japanese financial sys-

tem was in turmoil, this result suggests that Japanese banks evaluated firms’ finan-

cial condition more stringently for these periods.�

The volatility of firm asset ���������is estimated to have significantly positive val-

ues from 1998, while the sign of AMEs was unstable’ in the early 1990s. This

means that highly volatile firms were more likely to face relationship terminations

after the late 1990s. From these results for the firm leverage and volatility vari-

ables, in the late 1990s and the early 2000s, a higher risk of firms was significantly

associated with their relationship terminations, while this was not always the case

before.

The firm size �����������provides significantly positive estimates after 1997.

Estimated AMEs for the firm ROA ���������show significantly positive values

in the early 1990s, while they are significantly negative after the mid-1990s. In this

latter period, highly profitable firms were more likely to maintain relationships.

With respect to the sales growth rate ����	������, their estimates take negative
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values through all periods except a few years such as 1994. These negative esti-

mates show that a firm’s strong growth was associated with higher probability of

continuing relationships.

These results―that is, small and profitable firms with high growth were more

likely to maintain their relationships―imply that to some extent firms were locked

into their specific relationships or there were some relation-specific assets, as

Miyakawa (2010) pointed out. We will discuss further the presence of a hold-up

problem in Section 5, by focusing on the duration dependence.

The firm age ����������coefficient is negative for almost all sample periods, al-

though the negative estimates are not necessarily significant. The result indicates

On the Macroeconomic Effects of Bank…… (Mikami・Nakashima・Takahashi) ��

Figure 3�2. Firm Factors

FLEV, Firm �, FROA and FSIZE indicate the firm book leverage ratio, the firm volatility, the firm re-

turn on assets, and the firm size variable, respectively. The solid line indicates a point estimate of

AMEs for each covariate and the shaded area shows the 90％ confidence intervals of the estimates

based on the rolling estimations of the baseline model.
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the likelihood that a relationship with an older firm was more likely to continue

than one with a younger one.
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Figure 3�2. Firm Factors (continued)

FAGE, FSALE, FLIQUID, MARRY and FTERM indicate the firm age, the firm sales growths, the firm

liquid asset ratio, the firm marry indicator, and the firm terminatio indicator, respectively. The solid

line indicates a point estimate of AMEs for each covariate and the shaded area shows the 90％ confi-

dence interval of the estimate based on the rolling estimations of the baseline model.
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The estimates of AMEs for the firm liquid assets �������������indicate that

firms with more liquid assets were more likely to terminate relationships, except

for 1999. This result underscores the fact that fiscal year 1999 was when the bank-

ing crisis was at its height ; in a normal period, a higher liquid assets ratio would

imply more terminations while in 1999 firms with high liquid assets ratio were able

to maintain their relationships with banks.

The marry indicator �	
��������has significantly positive estimates in some

periods during the 2000s, indicating a firm that established a new relationship in the

previous year is more likely to terminate its relationship.

The positive values for the one-period lag of the borrowing firm’s termination in-

dicator ����	�����indicates that borrowing firms that had experienced a rela-

tionship termination in a previous year were more likely to terminate other rela-

tionships in the next year.

3. 3. Firm Funding Factors

Figure 3�3 presents the estimation results for the firm funding factors. For the

equity increase dummy variable �����������, the estimates have either positive

or negative values, varying over time. Specifically, they have significantly positive

estimates in 1995, 1999, and 2008�2009, indicating that firms with increasing eq-

uity would terminate their relationships. In other words, firms that did not increase

their equity were more likely to maintain their relationships. This result implies

that bank loans were substitutes for equity in these periods. The year 1999 and

2008�2009 were times when the financial markets were in turmoil. Therefore, we

can infer that firms that had difficulty in issuing equity were more apt to maintain

relationships.

Regarding the debt funding tools, the estimated AMEs for corporate bonds

��������show positive values before 1997 and negative values after 1998, except

for a few years. This result implies that before 1997, the increase in corporate bond

issue was associated with a higher probability of relationship terminations, while
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the opposite is true after 1998. Before the deterioration of banks’ financial condi-

tion, firms with corporate bonds substituted their bank loans with corporate bonds

as a tool of debt funding. However, as the financial market environment worsened,

corporate bond becomes complementary to bank loans ; whereas an increase in cor-

porate bonds is associated with an increase in the probability of maintaining rela-

tionships.

As for commercial paper ��������, the estimated AMEs show that on average, a

bank loan was complementary to commercial paper except for the year 1992 and

2004�2006. In other words, firms that increased dependence on commercial paper

were more likely to maintain their relationships with banks, especially during the
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Figure 3�3. Firm Funding Factors

EQUITY, CBOND, CP and LOAN indicate the equity increase indicator, the corporate bond, the com-

mercial paper, and the bank loan dependence variables, respectively. The solid line indicates a point

estimate of AMEs for each covariate and the shaded area shows the 90％ confidence interval of the es-

timate based on the rolling estimations of the baseline model.
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banking crisis of the late 1990s. This result may reflect the fact that only a few

firms with a well-established reputation were able to issue commercial papers in

the Japanese credit market. Furthermore, positive AMEs in the non-crisis period

indicate that firms with increased commercial papers were likely to terminate their

relationships with banks, which implies that commercial papers were substitutes

for bank loans in a normal period.

The estimates of AMEs for the dependence on bank loans ����������indicate

that the more a firm depended on bank loans, the fewer relationship terminations

it faced. The magnitude of AMEs is bigger in 1999 and 2009�2010. This result sug-

gests that during a financial turmoil, the dependence on bank loans accelerates.

In sum, the effects of using alternative funding sources on relationship

terminations vary by period. Particularly, during the height of Japan’s banking crisis

in 1999, bank loans were complementary to corporate bonds and commercial pa-

pers, while being a substitute for equity.

3. 4. Relationship Factors

For the two relationship factors (see Figure 3�4), the firm’s borrowing exposure

���	�

��������has significantly negative values for the overall sample period,

with the impact being the biggest in 1999. Moreover, a bank’s lending exposure

�������������is significantly negative for the overall period, with the impact

being the biggest in 1998. This implies that an increase in a firm’s and a bank’s de-

pendence on a particular relationship is associated with a higher probability of main-

taining the relationship, especially during a financial turmoil.

These results are in line with Hoshi et al. (1991) who demonstrated that a tight

relationship with banks mitigates the effect of financial stress on the firm’s invest-

ment.� Although few studies have investigated the mechanism of relationship

banking after the 2000s, our study provides evidence that even after the banking

crisis, the relationship banking system was still active in the Japanese bank loan

market.�
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We report estimation results for the duration dummy variables

��������	
����in Section 5.

3. 5. Results of the Baseline Model

Since we will reassess the estimation results of the bank book leverage ratio

using alternative indicators for a bank’s financial health in the next section, here we

summarize our analytical results only for the firms. First, the mechanism of

terminations in terms of firms’ risks, measured by their leverage and volatility,

changed at the end of the 1990s. That is, firms with higher risk were more strongly

and significantly associated with relationship terminations.

Second, larger and less profitable firms with slower sales were more likely to

face terminations.

Third, older firms faced fewer terminations for almost all sample periods.

Fourth, a firm that experienced a relationship termination in a previous year was

more likely to experience a termination in the current year. Furthermore, a firm

that established a new relationship in the previous year more tends to terminates

its relationship.
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Figure 3�4. Relationship Factors

EXBORROW and EXLEND indicate the borrowing exposure of firms, and the lending exposure of

banks, respectively. The solid line indicates a point estimate of AMEs for each covariate and the

shaded area shows the 90％ confidence interval of the estimate based on the rolling estimations of the

baseline model.
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Figure 3. Estimation Results for the Baseline Termination Model



Lastly, the more a firm depended for its bank loans on a particular bank, the less

likely was it to terminate its relationship.

4. Bank’s Financial Health and Relationship Termination

In this section, we investigate the effect of banks’ financial condition and its in-

teraction effect with firms’ characteristics on relationship terminations. In particu-

lar, we discuss our three main hypotheses and the criteria to assess each of them:

the capital crunch, the evergreening, and the flight-to-quality.

4. 1. Capital Crunch, Evergreening and Flight to Quality

As discussed above, the capital crunch scenario is an extension of a capital

crunch hypothesis, which is used to explain the lending behavior of lowly capital-

ized banks in continuing relationships (Gan 2007)), or to do it without disting-

uishing loan changes in continuing relationships from relationship establishments

and terminations (Woo (2003) and Watanabe (2007)). In this scenario, a lowly

capitalized bank is likely to terminate the relationship with its borrowing firms,

whether the firms are distressed or not. In fact, in Subsection 3.1, we showed that

banks with a higher bank book leverage ratio are more likely to terminate their re-

lationships.

To further examine this issue, we introduce two alternative indicators of a

bank’s financial condition : the lowly capitalized bank indicator ������������and

the nonperforming loan ratio �	�������as discussed in Subsection 2.4. The lowly

capitalized bank indicator, ����������, is defined as a dummy variable indicating

whether each bank’s capitalization is low. More specifically, following Peek and

Rosengren (2005), if a bank’s reported capital ratio based on the BIS banking regu-

lation is less than 2％ points above the target capital ratio (8％ for international

banks and 4％ for domestic banks), we conjecture that the bank’s capitalization is

low; that is, ������������, else �����������
. Note that after 2006, almost

all banks have the zero value for the lowly capitalized bank indicator, and hence we

On the Macroeconomic Effects of Bank…… (Mikami・Nakashima・Takahashi) ��



conduct an estimation with this indicator through 2005. The nonperforming loan

ratio of bank �is defined as a ratio of outstanding amounts of nonperforming loans

over the total value of loans. Using these two variables, instead of the bank book

leverage ratio, as a bank financial condition variable, we estimate the baseline ter-

mination model to address the capital crunch scenario.

According to Peek and Rosengren (2005), a lowly capitalized Japanese bank

whose reported capital ratio was close to the target capital ratio stipulated by the

BIS regulation (8％ for international banks and 4％ for domestic banks) was more

likely to evergreen loans to unprofitable firms in continuing relationships because

of its window-dressing motives.� The evergreening scenario of relationship termi-

nation assumes that banks with low capitalization are more likely to maintain rela-

tionships with their distressed borrowing firms than with non-distressed ones.

The flight-to-quality scenario has the opposite assumption of the evergreening

one ; that is, it assumes that lowly capitalized banks are more likely to maintain re-

lationships with non-distressed firms than with distressed ones. It is noteworthy

that the flight-to-quality scenario is not compatible with the evergreening one in re-

lationship terminations ; however, it may coexist with the evergreening behavior of

an impaired bank’s lending in continuing relationships, as discussed in Introduction.

Such an accommodation is based on our presumption that the mechanism of a

bank’s decision in relationship terminations should be different from that in lending

on the premise of the continuation of existing relationships, as discussed in the In-

troduction.

To assess the two mutually exclusive hypotheses―evergreening and flight-to-

quality―for relationship termination, we include an interaction term consisting of

the lowly capitalized bank indicator and a borrowing firm’s ROA �������

��	������
�together with this bank’s financial indicator.� Furthermore, to con-

duct a robustness check on our results, we also estimate a version of the baseline

termination model that includes a highly leveraged bank indicator ��������
�and

its interaction term with firm ROA, instead of the lowly capitalized bank indicator
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and its interaction term.� The highly leveraged bank indicator is defined as a

dummy variable, which takes the value one if its book leverage ratio is in the high-

est tertile, and zero otherwise.

In this section, we examine which of the three hypotheses offers a plausible ex-

planation for the termination of bank-firm relationships by examining an interaction

effect of a bank’s financial condition and its borrowing firm’s profitability. The prob-

lem with examining the validity of each hypothesis is that we analyze an interaction

effect of two variables in a nonlinear model. Unlike a linear model, a non-zero coef-

ficient on an interaction term in a nonlinear model does not necessarily imply the

existence of an interaction. effect. Rather, in a nonlinear model, even if a coefficient

on an interaction term is zero, the model can still incorporate an interaction

effect.� This point is well known in the literature (see Ai and Norton (2003) for

details). Nonetheless, there is no well-established methodology to analyze interac-

tion effects in a nonlinear model. Some studies suggest using a linear probability

model (see Duchin and Sosyura (2014)) while others include an interaction term

in their nonlinear models.� The two approaches have both pros and cons : a linear

probability model does not give us a consistent or unbiased estimator ; however, it

offers a straightforward interpretation of the estimated coefficients. In contrast, in

a nonlinear model with an interaction term, it is difficult to interpret its marginal ef-

fect, even as it gives us a consistent estimator. We discuss below how we match

possible estimation results and our hypotheses in a nonlinear model.

We formalize the three hypotheses on the basis of AMEs using a probit model

described in equation (1). First, we denote the AME of a discrete variable �as fol-

lows :

���������������������	���	
�������

������������	����
��������


where ���	�denotes a expected value of random variable 	over �. For a continu-

ous variable �,
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where 	denotes all covariates except for 
. Then, we define the capital crunch hy-

pothesis as a case where the following condition holds :�

�������������

In other words, the change of the LOWCAP variable from zero to one should be as-

sociated with an increase in the termination probability on average to support a

capital crunch hypothesis.

A flight-to-quality is demonstrated when we have

���������������	���
 (2)

and

���������������	�������������������
 (3)

where ���������������	�denotes an AME of the firm ROA for rela-

tionships with lowly capitalized banks �������	�. Equation (2) means that

an increase in firm ROA lowers the termination probability for lowly capitalized

banks. Equation (3) implies that the marginal effect of firm ROA is greater for such

banks than for others ; that is, lowly capitalized banks were more likely to maintain

relationships with firms of high profitability than non-lowly capitalized banks. If

these two conditions hold, the flight-to-quality hypothesis is supported.

In contrast, we define the evergreening behavior of lowly capitalized banks as fol-

lows :

���������������	���


and

���������������	��������������������

We should note that we do not distinguish between these two scenarios on the

basis of the sign of AMEs of the firm ROA for non-lowly capitalized banks, AME

��������������. Instead, we only ensure that non-lowly capitalized banks

behave differently from lowly capitalized ones in these two hypotheses. Moreover,

a significant coefficient on the interaction term is not always associated with one of
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the two hypotheses in a nonlinear model.�

4. 2. Bank’s Financial Health

In Subsection 3.1, we found that highly leveraged banks were more likely to ter-

minate relationships with their borrowing firms from the late 1990s to the early

2000s. For the late 1990s, as pointed out by Woo (2003), Gan (2007), and

Watanabe (2007), many Japanese banks suffered their badly impaired capital. Fur-

thermore, the regulatory framework for Japanese banks changed drastically in the

late 1990s and early 2000s, forcing banks to deal with bad assets more aggres-

sively.�

The estimation results reported in Subsection 3.1 suggest that a capital crunch

occurred in terms of relationship terminations. Taking into account our estimation

results of the bank book leverage ratio and the findings of previous studies, we can

infer that banks facing constraints imposed by the statutory capital requirement

were reluctant to maintain relationships with their borrowing firms in the late

1990s to the early 2000s. To bolter this inference, we include the lowly capitalized

bank indicator ������������or the nonperforming loan ratio �	�������as a

bank’s financial health variable, instead of the bank book leverage ratio

�
��������.

Figure 4 shows estimated AMEs of the bank financial health variables, LOWCAP

(upper) and NPL (lower). In fiscal years 1990, 1994, 1995, 1997, and 2003, the es-

timated AMEs of LOWCAP had positive values. Hence, we infer that lowly capital-

ized banks would terminate their relationships during the banking crisis period

from the 1990s to the early 2000s. For the nonperforming loan ratio its AMEs were

estimated to have significantly positive values from the late 1990s to 2001.

Summing up the estimation results for the three bank financial variables (BLEV,

LOWCAP, and NPL), we can conclude that banks’ capital constraints significantly

affected relationship terminations in the late 1990s and the early 2000s. Our results

suggest the existence of a capital crunch in terms of relationship terminations in
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Figure 4. Estimated AMEs of the Lowly Capitalized Bank Dummy and the

Nonperforming Loan Ratio

LOWCAP and NPL indicate the lowly capitalized bank indicator and the nonperforming loan ratio vari-

able, respectively. The solid line indicates point estimates of AMEs for each bank variable and the dot-

ted line indicates the 90％ confidence interval of the estimates based on the rolling estimations of al-

ternative models where the bank book leverage ratio is replaced with the lowly capitalized bank

indicator (LOWCAP) or the nonperforming loan ratio variable (NPL). Since after 2006, almost all

banks have zero values for the lowly capitalized bank variable, the estimation results after 2006 are not

shown in this figure.
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the 1990s as well as in the early 2000s. In the next subsection, we further study

which type of firms―significantly profitable or less profitable―were more likely to

face terminations with these lowly capitalized banks.

4. 3. Lowly Capitalized Bank and Lowly Profitable Firm

Our finding that highly leveraged (lowly capitalized) banks were more likely to

terminate their lender-borrower relationships, particularly during the banking crisis

period of the late 1990s and the early 2000s. brings up another question : Did lowly

capitalized banks terminate relationships with distressed or non-distressed firms ?

In other words, we investigate which of the two scenarios―evergreening or flight-

to-quality―were more plausible to explain impaired banks’ behavior in relationship

terminations.

To address this question, we include―in addition to a bank health variable―an

interaction term consisting of a bank’s financial variable and a borrowing firm’s

ROA, LOWCAP×���������or HBLEV×���������, into the baseline termination

model, as discussed in Subsection 4.1. Note that a significant coefficient of the in-

teraction term does not necessarily imply a significant interaction effect. Therefore,

in this analysis, we report an AME of the firm ROA conditional on the value of bank

financial condition variables (LOWCAP or HBLEV).

Figure 5 shows the estimation results for AMEs of ������conditional on the

value of ���	�
��. Estimates for AMEs for other variables are omitted because

estimated AMEs of the other variables were almost the same as those shown in

Figures 3 and 4.

If we focus on the sign of AMEs of FROA, we see three distinct phases in our

sample periods, in terms of interaction effects of the bank financial condition and

firm profitability on the probability of relationship terminations. The three periods

are 1992, 1993�1998, and post-1999.

During the first period, by fiscal 1992, the AMEs of FROA for lowly capitalized

banks are positive ; however, those for non-lowly capitalized ones are negative.
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These results indicate that lowly capitalized banks were more likely to maintain re-

lationships with less profitable firms, whereas non-lowly capitalized banks did the

opposite.

In contrast, in the second period from 1993 to 1998, the responses of lowly and

non-lowly capitalized banks switched ; that is lowly capitalized banks were more

likely to terminate relationships with less profitable firms, whereas non-lowly capi-

talized banks were more likely to maintain relationships with less profitable firms.

Finally, in the last period after 1999, the estimated AMEs of FROA with both

banks were negative. This implies that the less profitable the firms were, the more

likely they were to terminate their relationships, whether or not the banks’ capital

condition was good.

To formally show the difference in the AMEs of the firm ROA between lowly and

nonlowly capitalized banks, we perform a Wald test for the null hypothesis that the
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Figure 5. Estimated AMEs of FROA for Lowly and Non-lowly Capitalized

The solid line indicates point estimates of AMEs of the firm return on assets (FROA) for lowly capi-

talized banks and the dotted line indicates the 90% confidence intervals of the estimates. The gray bar

indicates point estimates of AMEs of the firm ROA for non�lowly capitalized banks with error bars for

the 90％ confidence intervals. Since after 2006, almost all banks have zero values for the lowly capi-

talized bank variable, the estimation results after 2006 are not shown in this figure. The results are ob-

tained by the rolling estimations of alternative models where the bank book leverage ratio is replaced

with the lowly capitalized bank indicator and the interaction variable between the lowly capitalized

dummy and the firm ROA is included.
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two AMEs are the same. Namely, we test the following null hypothesis :

��：������	��
	�������������	��
	�������

Table 3 reports p-values for the �� test statistics, indicating that the difference in

AMEs of the firm ROA between lowly and non-lowly capitalized banks was signifi-

cant in 1995, 1996, 1998, 2000, and 2001.

In the early 1990s, the period before 1992, the estimated AMEs seemed to sup-

port the evergreening behavior of banks. However, Table 3 indicates that the differ-

ence in the AMEs between lowly and non-lowly capitalized banks was not signifi-

cant at the 10％ significance level in this period. This implies that, according to our

definition in Subsection 4. 1, there is no evidence of the evergreening behavior that

is particular to distressed banks in the early 1990s.

From 1993, the sign of AMEs of FROA for lowly capitalized banks was negative

and that for non-lowly capitalized banks was less negative or even positive until

2001. Therefore, the significant difference in the AMEs between lowly and non-

lowly capitalized banks in Table 3 implies that in these periods, lowly capitalized

banks were more likely to terminate relationships with less profitable firms than

non-lowly capitalized banks. In other words, the relationships with lowly capitalized

banks were more sensitive to a firm’s profitability than those with healthy banks in

1995, 1998, 2000, and 2001. These results support the flight-to-quality scenario

where lowly capitalized banks prefer maintaining relationships with more profitable
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Table 3 : Wald Test for the Diferene of AMEs of the Firm Return on Assets between

Lowly and Non-lowly Capitalized Banks

Year 1990 1991 1992 1993 1994 1995 1996 1997 1998 1999

p-value 0.76 0.28 0.11 0.20 0.16 0.08* 0.06* 0.86 0.02** 0.96

Year 2000 2001 2002 2003 2004 2005

p-value 0.10* 0.03** 0.49 0.13 0.23 0.50

***, **, * indicate 1％, 5％ and 10％ levels of significance, respectively.

Using the estimated AMEs of FROA, we conducted a Wald test for the null hypothesis that the AME

for lowly capitalized banks is equal to that for non-lowly capitalized ones.



firms.

Figure 6 illustrates the estimation results obtained by using the highly leveraged

bank variable ����������� instead of lowly capitalized bank indicator

���	
�������. From Figure 6, we see qualitatively similar results as from the

lowly capitalized bank indicator. However, not much difference is observed before

and after 1999 ; from 1993, banks were more likely to terminate relationships with

less profitable firms, whether or not highly leveraged.

Table 4 also reports the Wald test for the difference in the AMEs between highly

and non-highly leveraged banks. Table 4 indicates that in 1995 and 2003, highly lev-

eraged banks were more likely to terminate relationships with lowly profitable

firms than non-highly leveraged banks.

We also find no evidence for the evergreening scenario for highly leveraged

banks. For some periods such as 1999, even though the difference was significant,

the AME of firm ROA for highly leveraged banks was not significant at the first

place as shown in Figure 6. This implies that we cannot support that highly
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Figure 6. Estimated AME of FROA for Highly and Non-highly Leveraged Banks

The solid line indicates point estimates of AMEs of the firm return on assets (FROA) for highly lev-

eraged banks and the dotted line indicates the 90％ confidence intervals of the estimates. The gray bar

indicates point estimates of the AMEs for non�highly leveraged banks with error bars for the 90％
confidence intervals.
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leveraged banks were likely to maintain relationships with less profitable firms.

Furthermore, in some periods like in fiscal year 2004, the difference between

highly and non-highly leveraged banks was statistically significant, however, AMEs

for highly and non-highly leveraged banks were negative. This indicates that highly

leveraged banks were less sensitive to firms’ profitability ; however, they still

tended to terminate relationships with lowly profitable firms, which does not sup-

port the evergreening behavior in our definition. This robustness check implies

that the evergreening scenario is not supported, while the flight-to-quality scenario

is plausible.

Our estimation result is more supportive of the flight-to-quality scenario, rather

than the evergreening scenario, which Peek and Rosengren (2005) and Watanabe

(2010) suggested to understand Japanese banks’ lending decisions from the middle

to the late 1990s. Unlike our study, however, they found it on the basis of the con-

tinuation of the existing relationships between Japanese banks and their borrowing

firms (Peek and Rosengren (2005)) or without considering the difference between

the intensive and the extensive margins of bank loans (Watanabe (2010)).

If we agreed with the findings of Peek and Rosengren (2005), the difference be-

tween our finding based on relationship terminations and their findings would sug-

gest that during a banking crisis, lowly capitalized banks are more likely to increase

loans to their unprofitable borrowing firms as long as relationships continue ;
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Table 4 : Wald Test for the Diferene of AMEs between Highly and Non-highly Lever-

aged Banks

Year 1990 1991 1992 1993 1994 1995 1996 1997 1998 1999

p-value 0.42 0.21 0.35 0.72 0.16 0.01** 0.54 0.98 0.67 0.07*

Year 2000 2001 2002 2003 2004 2005 2006 2007 2008 2009 2010

p-value 0.27 0.61 0.73 0.03** 0.02** 0.13 0.95 0.29 0.74 0.21 0.24

***, **, * indiate 1％, 5％ and 10％ levels of significane, respectively.

Using the estimated AMEs of FROA, we conducted a Wald test for the null hypothesis that the AME

for highly leveraged banks is equal to that for non-highly leveraged ones.



however, once they decide to terminate such unviable relationships, they prefer to

break up relationships with their unprofitable firms.

4. 4. Termination of Unviable Relationships

Summing up our analysis in this section, the flight-to-quality scenario is the most

plausible to explain relationship terminations between lowly capitalized banks and

their distressed borrowing firms. That is, lowly capitalized banks would terminate

relationships with their unprofitable firms during Japan’s banking crisis of the late

1990s and early 2000s. The impairment of bank capital during the banking crisis pe-

riod of the late 1990s would inhibit impaired banks from preserving unviable rela-

tionships with their unprofitable borrowers, thus resulting in their selection of vi-

able relationships with their profitable borrowers.

5. Duration Effect

In this section, we investigate duration effects on relationship terminations, par-

ticularly by focusing on bank’s financial health and firm’s credit risk.

Ongena and Smith (2001) and Farinha and Santos (2002) empirically examined

duration time until bank-firm relationships terminate using survival analysis. They

used bank-firm matched samples from 1979 to 1995 in Norway and from 1980 to

1996 in Portugal. Both the studies showed that bank-firm relationships with a

longer duration were more likely to terminate, thus suggesting that the value of the

relationship declined over time. Ongena and Smith (2001) ascribed their finding to

the possibility that a firm’s apprehension about the hold-up problem, which would

arise from a longer relationship with a particular lending bank, inhibits the borrow-

ing firm from maintaining the relationship with the bank over a long period of

time.�

Miyakawa (2010) applied the survival analysis to a matched sample of Japanese

banks and their borrowing firms, whose sample period ran from 1982 to 1999,

thereby drawing conclusions that were opposite of the findings of Ongena and
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Smith (2001) and Farinha and Santos (2002); that is, he demonstrated that bank-

firm relationships with a shorter duration were more likely to terminate than those

with a longer duration. Miyakawa (2010) attributed this empirical result to the

presence of relationship specific assets ; that is, the continuation of transactions in

a particular bank-firm relationship would facilitate reusability of information and

intertemporal transfers in loan prices so that it would enhance the value of that re-

lationship as a relation-specific asset.

These two opposing views about the longer duration were based on different

mechanisms of a strong bank-firm relationship. The empirical results of Ongena

and Smith (2001) emphasized the hold-up problem as the cost of the strong rela-

tionship, while those of Miyakawa (2010) emphasized the presence of relationship

specific assets as a benefit of it. Here we reassess whether a longer duration of

bank-firm relationships is associated with a higher probability of the relationship

termination.

The above mentioned studies assume time-invariant effects of a longer duration ;

however, our analysis of duration effects incorporates time-varying duration effects.

This is because we expect duration effects to depend on the condition of credit mar-

kets, especially competitiveness, tightness, and soundness of the bank loan market,

as shown in existing studies (see Degryse and Ongena (2008) for a review of du-

ration effects).� In Japan, over the 20 years of our sample period, the drastic

changes in the financial environment surrounding Japanese firms and banks have

occurred. Therefore, we should be skeptical about time-invariant duration effects

over our sample periods.

To conduct our duration analysis using the duration-dummy variables,

�������	
���, in the baseline termination model, we classify all durations into a

tertile group : short-, medium-, and long-duration dummy variables.� We have two

reasons for not setting up dummy variables according to each duration year

directly : first, we cannot always exactly identify a starting year of each relationship

in our dataset because most relationships originated before the beginning of our
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dataset, or fiscal year 1978. Therefore, we are not able to estimate the duration ef-

fects by exactly measuring the duration year of a relationship in terms of the

“absolute” time that elapsed from its start. Hence, we focus on its “relative” dura-

tion amongall relationships in our dataset in each fiscal year.

The second reason, which is closely related to the first, is that our strategy of di-

viding duration years into a tertile group allows us to study time-varying duration

effects. If we employed duration-year dummies instead of duration-quantile dum-

mies, we would not be able to compare duration effects in 1990s with those in

2000s. This is because the use of a raw duration year variable causes the maximum

possible duration and the distribution of duration variables to change over time

owing to our data limitation of the left censoring, which would result in distorting

our estimation results.� In this analysis, the first-quantile duration-dummy variable

indicates the shortest duration group, while the third-quantile one is the longest

duration group.

5. 1. Baseline Model Estimation

In this subsection, we report estimates of duration effects in the baseline model.

Figure 7 shows estimation results for the AMEs of the second quantile and the

third quantile duration-dummy variables in which the first quantile is set as the ref-

erence group. The left and right figures plot estimates for the second and third

quantile duration-dummy variable, respectively. We can make the following four in-

ferences based on our estimation results.

First, Figure 7 shows that in the early 1990s, the duration effects of tightening

relationships were stable and significant ; a longer duration of a relationship was as-

sociated with a lower probability of its termination. To see this point more clearly,

Figure 8 illustrates the term structure of duration effects for selected periods. For

example, in 1995, longer duration variables have a significantly larger negative

value, which implies that longer durations are associated with a lower probability of

relationship terminations. This result is suggestive of the existence of a
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relationship specific value. Furthermore, the result of the increasing effects of a

longer duration coincides with the findings of Miyakawa (2010). We should note

that the AMEs of the duration dummies are estimated by controlling for other re-

lationship variables such as borrowing exposure of a firm to its lending bank.

Second, the second quantile duration dummy becomes insignificant in the late

1990s, indicating that the duration effect starts to diminish in the late 1990s. From

this result, we can infer that the effect of the tight bank-firm relationship becomes

irrelevant to a small difference in their duration. As discussed in subsection 4. 1,

this period corresponds to the occurrence of a financial crisis and a capital crunch.

The deterioration of banks’ financial conditions would cause a change in the dura-

tion effects. In the next subsection, we will discuss this point in more detail. The

decreasing duration effect is observed more clearly in Figure 8 ; for example, in fis-

cal 2000, the term structure of the duration effect flattened with the insignificant

second quantile duration variable. The early 2000s saw the banks’ disposal of

nonperforming loans, which had been accumulated after the burst of the bubble

economy (see Sakuragawa and Watanabe (2009) for details). The financial condi-

tion of Japanese banks would be a plausible explanation for the fading duration ef-

fect in the early 2000s.
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Figure 7. Estimated Duration Effects

The solid line indicates point estimates of AMEs for duration dummy variables from the rolling estima-

tions based on the baseline model and the dotted line indicates the 90% confidence intervals of the es-

timates. To calculate the AMEs, we used the shortest duration group as the reference.
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Third, Figure 8 indicates that the term structure of duration effects sharpened

again for the periods 2004�2007. As in the early 1990s, a longer duration of a rela-

tionship implied a lower probability of its termination. This result means the dura-

tion effect was restored after the financial turmoil in the late 1990s and the early

2000s, although the duration effect substantially weakened at one point. In this pe-

riod, the Japanese economy and financial system remained relatively stable and

sound. From these results, it is clear that a stable financial system is an important

condition for the duration effect to lower the probability of termination.

Lastly, in 2008 and 2009, the estimates of duration effects increased substan-

tially. During the 2008 financial crisis, the banking function remained relatively

sound, which allowed the effect of longer duration to kick in by mitigating the

asymmetric information problem, as pointed out by Uchino (2013).

The above duration analysis has the following implications ; when a banking sys-

tem is relatively stable, such as the period before 1996 and in the mid-2000s in
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Figure 8. Term Structure of Duration Effects for Selected Period

Each line indicates the point estimates of AMEs of the duration dummy variable for a specific fiscal

year from the rolling estimations based on the baseline model.
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Japan, the duration effect is apparent in the sense that a longer duration would de-

crease the likelihood of termination of the relationship between banks and their

borrowers. However, when a banking system is relatively fragile, such as the pe-

riod from 1997 to 2003, the duration effect was weakened. Hence, we can deduce

that a relatively stable banking system would be an important condition for a longer

duration to decrease the likelihood of the relationship terminating.

In the next subsections, we focus on the banking crisis to investigate whether

the duration effect was absent in this period for all relationships.

5. 2. Duration Effect and Bank’s Financial Health

In the previous subsection, we found that in the late 1990s and the early 2000s,

during the financial system turmoil, the duration effect became weak. To bolster

this finding, we use the lowly capitalized bank indicator, ����������, instead of

the bank’s book leverage ratio and additionally include its interaction terms with

the two duration dummies, the second quantile and the third quantile duration-

dummy variables. If the AME of duration dummy variables for lowly capitalized

banks (banks of ������������) does not have negative estimates only in the

banking crisis period of the late 1990s and the early 2000s, and the duration dum-

mies for non-lowly capitalized banks (banks of �����������	) have negative

ones in the whole sample period including the banking crisis period, we can infer

that the bank’s financial health would be an important condition for the duration ef-

fect to lower the probability of termination.�

Figure 9 shows estimation results for AMEs of the duration dummies for lowly

and non-lowly capitalized banks. It is observed that the AMEs for non-lowly capital-

ized banks have significantly negative estimates in the banking crisis periods of the

late 1990s and the early 2000s, whereas the AMEs for lowly capitalized banks do

not.� This implies that the duration effects were preserved during the financial sys-

tem turmoil for relationships with non-lowly capitalized.

Our analysis in this subsection supports the suggestion that a relatively stable
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Figure 9. Estimated Duration Effects by Bank Capitalization

The solid line indicates point estimates of AMEs of the duration dummy variables for lowly capitalized

banks and the dotted line indicates the 90％ confidence intervals of the estimates. The gray bar indi-

cates point estimates of AMEs for non-lowly capitalized banks with error bars for the 90％ confidence

intervals. The resutls are obtained by the rolling estimations of alternative models where the lowly

capitalized bank dummy and the interaction variables between it and the duration dummy variables are

included.
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banking system, in particular, based on a bank’s financial health would be a prereq-

uisite for the existence of the duration effect.

5. 3. Duration Effect and Firm’s Credit Risk

In the previous subsection, we focused on a bank’s financial health, thereby dem-

onstrating that when the Japanese banking system was relatively stable, the dura-

tion effect was preserved, however when it was fragile, the duration effect was

weakened. In this subsection, we focus on firm characteristics that affected the du-

ration effect. In particular, we use firms’ asset volatility ���������as a proxy for their

credit risk and the uncertainty of their business to investigate the difference in the

duration effect between highly volatile and less volatile firms.

Theoretical models in relationship banking predict that a long-term contract en-

ables banks to maintain a stable loan interest rate through intertemporal transfers

in loan pricing even if a firm’s credit risk fluctuates (see Boot (2000) for

details).� Given this positive side of relationship banking, the duration effect is ex-

pected to be larger for firms with higher business uncertainty than for firms with

lower uncertainty because a bank is more likely to intertemporally smooth loan

prices by offsetting short-term losses through long-term rents generated by the

firms facing higher uncertainty. To address this point, we include the highly volatile

firm dummy variable and its interaction term with duration dummy variables by

using firm volatility as a proxy for the firm’s uncertainty.� The highly volatile firm

dummy takes the value one if the firm’s volatility is higher than the cross-sectional

median value in year ���, and zero otherwise.

The estimation results for AMEs of the duration dummies for highly and less

volatile firms are shown in Figure 10. It shows that for relationships with highly

volatile firms, a longer duration is associated with a lower probability of

terminations, whereas the duration dummy for the second quantile was not signifi-

cant for the non-highly volatile firms ; namely, for the non-highly volatile firms the

duration effect is diminished. This result implies that for firms with high volatility,
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Figure 10. Estimated Duration Effects by Firm Volatility

The solid line indicates point estimates of AMEs of the duration dummy variables for firms with higher

volatility and and the dotted line indicates the 90％ confidence intervals of the estimates. The gray bar

indicates point estimates of AMEs for firms with lower volatility with error bars for the 90％ confi-

dence intervals. The results are obtained by the rolling estimations of alternative models where the

firm volatility variable is replaced with the highly volatile firm indicator and the interaction variables

between it and the duration dummy variables are included.
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even during the financial turmoil of the late 1990s and early 2000s, the duration ef-

fect was preserved ; that is, the tight relationships were especially important for

firms facing greater business uncertainty, which coincides with the prediction of

theoretical models (See Shibata and Yamada (2009)).�

To sum, we found that for highly volatile firms, the duration effects were pre-

served even in a financial crisis, whereas for firms with low volatility, the duration

effect was significantly weakened in the late 1990s and the early 2000s. These re-

sults indicate that the duration effect depends on the degree to which firms face un-

certainty in business.

6. Conclusion

Using a matched sample of Japanese lending banks and their borrowing firms

over 20 years, we examined what factors caused relationships between lending

banks and their borrowers to terminate. This paper draws three main substantive

conclusions about this question.

First, young, highly volatile, and unprofitable firms with a low sales growth are

more likely to terminate the relationships with their lending banks. Furthermore,

firms that experience a relationship termination in a previous year are also more

likely to terminate the relationships in the current year. In addition to these firm

characteristics to explain relationship termination from the firm side, we include

the following : the more a firm depends on bank borrowing and on a particular bank

for it, the less likely is the firm to terminate its relevant relationships.

Second, we find evidence of a capital crunch in the extensive margins of bank

loans in the late 1990s and the early 2000s. Furthermore, lowly capitalized banks

are more sensitive to firms’ profitability than non-lowly ones. In other words, lowly

capitalized banks have a tendency to terminate more relationships with lowly prof-

itable firms than non-lowly capitalized banks. This result implies that the flight-to-

quality scenario offers a plausible explanation for relationship terminations for dis-

tressed banks, rather than the evergreen scenario.
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Lastly, when a banking system is relatively stable, a longer duration decreases

the likelihood of the relationship between lending banks and their borrowers being

terminated. Conversely, when a banking system is fragile, the duration effect is di-

minished, although this does not hold for relationships with high asset volatility

firms even during a financial turmoil. This result implies that long-term contracts

in Japanese bank-borrower relationships were aimed at intertemporally smoothing

loan prices by offsetting short-term losses through long-term rents generated by

firms with higher uncertainty.

Appendix

Construction of a Loan-level Matched Sample with M&A, Business Trans-

fer, and Divestiture Activity

The Japanese banking sector saw significant M&A, business transfer, and dives-

titure activity over the late 1990s and early 2000s. To construct our loan-level

dataset, we checked whether successor banks took over the merged or eliminated

bank’s credit claims on its borrowing firms before and after the relevant M&A,

business transfer, or divestiture. This appendix explains how we define the termi-

nation of a bank-borrower relationship in the case of M&A, business transfer, and

divestiture.

The Case of M&A

Here, we consider the case of an absorption-type merger. If a surviving bank

takes over a merged bank’s loan lent to a borrowing firm after the absorption

merger, we assume that the pre-M&A relationship between the merging bank and

the borrowing firm continues in the post-M&A relationship between the surviving

bank and the firm. That is, the pre-M&A relationship does not terminate at the

time of the absorption merger. In contrast, if no bank takes over the loan of the

merging bank, we assume that the pre-M&A relationship terminates at the time of

the absorption merger.
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The Case of Business Transfer

Next, we consider the case in which a bank transfers its business to other banks.

In this case, we define a relationship termination as the case of M&A. If we find

that the transferee bank takes over the loans of the transferor bank, we suppose

that the transferor bank also holds over pre-transfer relationships between the

transferor bank and its borrowing firms, and that the pre-transfer relationships does

not terminate. As long as we find that the transferee banks did not take over loans

of the transferor bank, we assume that the pre-transfer relationships between the

transferor bank and its borrowing firms are terminated. We adopt the above way of

defining a relationship termination, whether the accepting banks enjoyed relation-

ships with those borrowing firms before the business transfer or not.

The Case of Merger and Divestiture

We consider the case in which banks merge and then divest. In this case, we

should identify which banks formed after the merger and divestiture, and whether

they took over the loans of the merging banks. If a firm enjoyed relationships with

one of the merging banks before the merger and divestiture, and the firm had a re-

lationship with at least one of the surviving banks after the merger and divestiture,

we assume that the relationships between the merging banks and the firm were

preserved. That is, the relationships did not terminate. If the firm does not have

any relationships with the surviving banks after the merger and divestiture, we as-

sume that the relationships between the merged banks and the firm terminated at

that time.

Notes

� Dell’ Ariccia and Garibaldi (2005) empirically demonstrated that a credit contraction

is more volatile than a credit expansion within the US banking industry, thereby making

particular note of the search process as a driving factor in generating the asymmetric

volatility of the credit. Nakashima and Takahashi (2016) empirically examined the ef-

fects of relationship termination on firm investment. They demonstrated that the effects
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on firm investment through the decrease in bank loan changes due to relationship

terminations would be larger than those through the decrease in bank loan changes

within continuing relationships because a search friction exists for newly establishing

bank-firm relationships.

� We define termination of a relationship in Section 2.

� It is difficult to come up with a matched sample because many banks experienced

mergers and acquisitions (hereafter M&A) and divestitures in Japan from the late 1990s

to the early 2000s. To deal with this problem, we carefully constructed our dataset con-

sidering all M&A and divestitures of Japanese banks. To calculate the duration of each

relationship, we used the matched dataset from 1978. Only the sample from 1990 is used

for the analysis in this paper.

� In Section 4, we define each hypothesis formally. For a theoretical study of impaired

bank’s lending behavior, see Diamond and Rajan (2000).

� For empirical studies of capital crunches in the US, see Bernanke and Lown (1991),

Peek and Rosengren (1995), and Berrospide and Edge (2010).

� Peek and Rosengren (2005), Gan (2007), and Giannetti and Simonov (2013) used

matched datasets of Japanese banks and borrowing firms; hence, their analysis of bank

lending focused on the intensive margin of bank loans. On the other hand, Woo (2003)

and Watanabe (2007 ; 2010) used bank-level panel dataset ; consequently, their analysis

did not distinguish between the intensive and extensive margins of bank loans.

� Most theoretical models abstract from detailed evaluation functions of each relation-

ship ; they assume there is some production function that determines the value of a re-

lationship. Our econometric model can be interpreted as a reduced form of this function,

although we do not separate the values for banks and firms.

� We also used a linear probability model with both bank- and firm-fixed effects, al-

though it does not give a consistent and unbiased estimator. Estimation results obtained

from rolling regressions in the linear probability model are not qualitatively different

from those reported below.

	 For example, in terms of a credit crunch study in Japan, Woo (2003) found that after

1998 the stipulated capital asset ratio was associated with the growth rate of bank loans

while this did not matter earlier.


 Previous studies on relationship terminations, including those by Ongena and Smith

(2001), Farinha and Santos (2002), and Miyakawa (2010), arbitrarily selected a sample

of a certain period and then applied the non-rolling estimation approach to the entire

sample period. Given that lending banks and their borrowing firms are expected to

On the Macroeconomic Effects of Bank─Firm Relationships��



change their relationships according to changes in the macroeconomic environment, the

non-rolling estimation approach based on an arbitrarily selected sample period can pro-

vide imprecise estimates, on covariates thus resulting in a misunderstanding of a bank’s

and a firm’s decisions on relationship terminations. See also Section 5 for details.

� In this paper, we treat banks under the same financial holding company as different

banks.

� The detailed definition of two alternative bank soundness variables are given in Sec-

tion 4.

� If we use the capital asset ratio as an indicator of banks’ financial condition instead of

the book leverage ratio, our expected sign of the capital asset ratio will be negative

under the capital crunch hypothesis.

� More specifically, we calculate the annualized estimated volatility of the market value

of equity as in

������
�

����
� �

����

���������
��	����	�������

�
� ���	 �

where ����denotes the last trading-day of firm �’s fiscal year �. �	�� denotes the daily

rate of change in equity valuation, and �	����� is the average rate of change in equity

valuation of the previous 20 days.

� Peek and Rosengren (2005) focused on the relative importance of a borrowing firm

from the lender’s viewpoint in estimating their loan supply equation, thus using the

bank’s lending exposure with a matched sample of Japanese banks and their borrowers.

From the borrower’s viewpoint, Dass and Massa (2011) focused on the relative impor-

tance of a firm’s bank loans, using the firm’s loan-to-asset ratio with US firm-level panel

data but not using the firm’s borrowing exposure.

� In the baseline model, we used duration dummy variables based on the tertile of the

duration. Even if we use the duration dummy variables defined by the duration year di-

rectly, our conclusion does not change qualitatively.

� One can calculate a macroeconomic impact of the bank’s book leverage ratio on rela-

tionship termination by multiplying an estimated marginal effect by the standard devia-

tion of the book leverage ratio. The marginal effect of the book leverage ratio at its me-

dian value of 97％ from 1996 to 2005 is estimated to be 0.5％ and the standard deviation

from 1996 to 2005 is 3.8％. Hence, the impact of the book leverage ratio on relationship

termination is calculated as 1.9％����	�
���and its magnitude is significant economi-

cally.

	 Ongena and Smith (2001) concluded that highly leveraged, smaller, younger and
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more profitable firms maintained shorter relationships using a Norwegian dataset and

claimed that firms were not locked into their relationships.

� Note that the result may merely imply to the window-dressing behavior of banks in-

stead of the positive effect of mitigating financial stresses. Therefore, we will further in-

vestigate the effects of a longer duration by controlling lending and borrowing exposure

in Section 5.

� Uchino (2013) demonstrated that the close relationship between banks and firms in

Japan raises the probability of an increase in bank lending based on Japanese loan-level

data of the late 2000s.

� The background mechanism of the window-dressing behavior is that a lowly capital-

ized bank is reluctant to allow less profitable firms go bankrupt because the bankruptcy

would force this bank to disclose the resulting impaired capital at an even lower level.

In addition, refer to Watanabe (2010) and Giannetti and Simonov (2013) for empirical

studies of the evergreening of bank credit in Japan.

� As we discuss below in more detail, we should note that a significant coefficient on the

interaction term does not always imply a significant interaction effect in a nonlinear

model.

� When conducting the robustness check, we use the highly leveraged bank indicator,

but not the nonperforming loan ratio indicator. This is because the bank book leverage

ratio yields the most complete data among our available bank capital (or leverage) vari-

ables.

� Only in the case where coefficients on two variables are zero, testing whether a coef-

ficient on an interaction term is significantly non-zero or not provides us a straightfor-

ward interpretation regarding an interaction effect of two variables.

� As an example of the latter approach, Peek and Rosengren (2005) tested the

evergreening hypothesis by discussing the significance of an interaction term between

a borrowing firm’s ROA and a lowly capitalized indicator of lending banks.

	 When using the highly leveraged bank indicator, ���������, as a proxy for bank finan-

cial health, we substitute HBLEV for LOWCAP.


 For example, Equation (3) holds even if the coefficient of the interaction term is not

significant.

� See, for example, Watanabe (2007) and Sakuragawa and Watanabe (2009) for detailed

discussions about bank regulation changes in Japan.

� Many studies have investigated the pros and cons of the strong relationship between

lending banks and their borrowing firms (see Boot (2000) for surveys). Positive
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aspects of the strong relationship include the mitigation of the asymmetric information

problem (Battacharya and Thakor (1993)) and the facilitation of intertemporal transfers

in loan pricing with implicit long-term contracts (Petersen and Rajan (1995), Berlin and

Mester (1998), and Song and Thakor (2007)). Negative aspects of the strong relation-

ship include the hold-up problem (Sharpe (1990) and Rajan (1992)) and the soft-budget

problem (Dewatripont and Maskin (1995) and Bolton and Scharfstein (1996)).

� For example, if the competitiveness of a bank loan market is so high (low) that a

firm’s cost of switching a bank would be smaller (larger) than the benefit of mitigating

hold-up problems by the switch, a longer duration would imply a higher (lower) prob-

ability of its termination. The difference in the competitiveness of credit markets would

be one possible explanation for the different results among Ongena and Smith (2001),

Farinha and Santos (2002) and Miyakawa (2010); if we assume lower competitiveness

in the bank loan market in Japan, it would increase the net benefit of maintaining a tight

relationships for banks or increase the cost of switching banks for firms.

� We define a quantile on the basis of the maximum duration year instead of the number

of observations. For instance, if the maximum duration is nine years, the first quantile

group consists of ones with 1�3 year durations, the second with 4�6 years, and the third

with 7�9 years.

� If we use duration dummies based on a raw duration year in 1990, the longest dura-

tion, 12 years, has the highest density because our original data starts in 1978. By con-

struction, relationships for which the 12-year duration dummy variable takes one include

all relationships with a duration of more than 12 years. However, in 2000, for instance,

the raw duration dummy variable for a 12-year duration takes one only if the relationship

duration is truly 12 years. Therefore, we cannot deal with a 12-year duration dummy in

1990 the same as that in 2000.

� We also used the highly leveraged bank indicator, ���������, as a proxy for bank fi-

nancial health. We found that estimation results obtained using the highly leveraged

bank indicator did not qualitatively differ from those obtained using the lowly capitalized

bank indicator.

� We conducted the Wald test for the equality among the AMEs of the duration dum-

mies and the AMEs of their interaction terms with the lowly capitalized indicator. We

found that the equality hypothesis is rejected at the 10％ level of significance in 1998,

1999 and 2002.

� �������and Saurina (2004) used a Spanish dataset and then demonstrated empiri-

cally that a close bank-borrower relationship increased the willingness to take more
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firm’s credit risk.

� The premise that banks can intertemporally smooth loan prices in long-relationships

is based on the fact that they have access to core deposits, which are interest-inelastic

and hence are able to insulate the bank against exogenous economic shocks. See Song

and Thakor (2007) for details.

� A long-term contract can cause the hold-up and soft budget problems. In the face of

these problems, a bank faces uncertainty regarding the exit timing, and the optimal tim-

ing is determined by the trade-off between an increase in the firm’s credit risk and an

opportunity to gain future earnings from the firm. Shibata and Yamada (2009) proposed

a theoretical model to investigate a bank’s optimal exit timing, and thus demonstrated

that the higher the volatility of the firm value, the later a bank exits. Our finding is con-

sistent with this theoretical implication.
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