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1.1.1.1.    Introduction Introduction Introduction Introduction     

 

The study of investment decisions has been a central topic on the economic research 

agenda for a long time. For example, Yoshikawa (1980) shows that, in the presence of 

convex adjustment costs, investment is an increasing function of the marginal 

profitability of capital—that is, marginal q. Hayashi (1982) demonstrates that, under 

constant-returns-to-scale and price-taking assumptions, marginal q is equal to average 

q. Contrary to these sophisticated theoretical studies, however, a large body of recent 

empirical research reports that investment is not as obviously related to q as previously 

expected. In order to clarify the ambiguous relationship, the investment literature of the 

last two decades has focused on two issues: capital market imperfections and 

uncertainty. 

In the presence of capital market imperfections, the investment decisions of firms 

depend on not only marginal q but also financial variables such as cash flow and 

leverage. A number of studies also show that the more constrained the access to capital 

markets, the greater the sensitivity of investment to financial variables.1 

On the other hand, the effect of uncertainty on investment is considered according 

to two different approaches. The first approach associates the uncertainty over future 

profitability with the imperfections of capital markets. Greenwald, Stiglitz and Weiss 

(1990) and Greenwald and Stiglitz (1990) examine a model of credit and equity rationing 

to demonstrate that an increase in uncertainty increases the default risk of investment 

projects, and that the increased default risk makes firms less eager to invest.2 

                                                   
1 See, for example, the survey of Hubbard (1998).  
2  Appelbaum and Katz (1986), Zeira (1990), and Nakamura (1999) illustrate the 
negative relationship between investment and uncertainty in the light of risk aversion.  
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The second approach considers the effect of uncertainty in relation to the 

configuration of marginal q. According to Hartman (1972) and Abel (1983), given certain 

conditions, marginal q is a convex function of the stochastic variable that characterizes 

uncertainty. An increase in uncertainty, therefore, increases marginal q, according to 

Jensen’s inequality, and the increased marginal q has the effect of making firms eager to 

invest more. On the other hand, Dixit and Pindyck (1994) show that the irreversibility of 

investment makes marginal q become a concave function so that an increase in 

uncertainty makes firms eager to invest more. 

Recently, a number of empirical studies have been done on the relationship between 

investment and uncertainty. 3  Most of them report a negative relationship. They, 

however, focus on only the configuration of marginal q and, therefore, support the 

conclusion that the presence of irreversibility makes firms decrease investment when 

uncertainty increases. Unfortunately, most of the previous studies do not completely 

answer the question of how uncertainty affects the firm’s decision rule for investment.4 

We use panel data for Japanese firms over the period 1983–1993 to examine the 

relationship by considering not only the configuration of marginal q but also the 

                                                   
3 For aggregate or disaggregate macro empirical studies of the investment–uncertainty 
relationship, see Driver and Moreton (1991), Price (1995, 1996), Carruth, Dickerson, and 
Henley (1998), Ferderer (1993a, 1993b), and Calcagnini and Saltari (2000). For these 
empirical studies of cross-sectional or panel data, see Huizinga (1993), Ghosal and 
Loungani (1996, 2000), Leahy and White (1996), Bell and Campa (1997), Pattillo (1998), 
Guiso and Parigi (1999), Kalckreuth (2000), Bo and Lensink (2000), and Lensink, Steen, 
and Sterken (1999, 2000). Most of these studies report a negative relationship to 
emphasize the importance of the irreversibility. Also, Aizenman and Marion (1993, 1996, 
1999), Ramey and Ramey (1995), Lensink (1998), Lensink, Bo, and Sterken (1998), and 
Lensink (2000) report a negative relationship between investment (economic growth) 
and uncertainty in developing or developed countries. 
4 For empirical studies of Japanese manufacturing firms, we can cite Matsubayashi 
(1995), Ogawa and Suzuki (2000), and Honda and Suzuki (2000). A series of studies 
interprets the negative sensitivity of investment to uncertainty as evidence that 
irreversibility of investment induces a firm to refrain from investment in response to an 
increase in uncertainty. Suzuki (2001) makes a suggestion that the negative sensitivity 



 3 

imperfections of the capital market. We then attempt to clarify the channel of 

uncertainty on investment in the light of these results. 

Our basic strategy is to estimate the reduced q models with an uncertainty variable 

and to examine the sign of the uncertainty coefficient. If the coefficient is positive, we 

interpret this result as evidence that the investment–uncertainty relationship is 

attributed to the convexity of marginal q. The negative sign, on the other hand, is 

accounted for not only by the concavity of marginal q but also by the imperfections of 

capital markets. Unfortunately, we cannot yet identify which of the two arguments has 

greater explanatory power. With regard to our empirical evidence, indeed, we find that 

the sensitivity of investment to uncertainty is negative for the entire sample of Japanese 

manufacturing firms. 

In order to solve this difficulty, we divide the sample of firms into two groups 

depending on some criteria that characterize the configuration of marginal q and the 

imperfections of the capital markets. We then infer a dominant argument from the 

differences in the sensitivity of uncertainty to investment across groups. 

This approach is adopted by only a few empirical studies: Guiso and Parigi (1999), 

Lensink, Steen, and Sterken (1999), Ghosal and Loungani (1996), and Ghosal and 

Loungani (2000).5 These studies report different empirical findings across countries. 

                                                                                                                                                     
may have relevance to capital market imperfections. 
5 Guiso and Parigi (1999), Lensink, Steen, and Sterken (1999) distinguish between 
firms according to the price–cost margin ratio. The former analyzes a sample of Italian 
manufacturing firms, the latter uses a sample of Dutch firms, and both find that the 
impact of uncertainty on investment is larger among large firms with greater market 
power. On the contrary, Ghosal and Loungani (1996) and Ghosal and Loungani (2000) 
utilize firm size as a criterion to split the sample of U.S. manufacturing firms into two, 
and find that an increase in uncertainty makes it difficult for small and medium-sized 
firms to invest more. Furthermore, Minton and Schrand (1999) provide empirical 
evidence that an increase in uncertainty over cash flow increases the cost of capital and 
reduces investment in capital expenditures, R&D, and advertising.   
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There is thus no consensus about the channel of uncertainty on investment. It is 

surprising and interesting that there are very few studies conducted for Japan.  

We find that the investment–uncertainty relationship is negative for 

medium-to-small firms and high-leverage firms, while the relationship is ambiguous for 

large and low-leverage firms. This finding is consistent with the argument that the 

negative relationship is attributed to imperfections of capital markets. Thus, our finding 

contradicts an explanation that the previous empirical studies have given for the 

negative relationship. 

Unlike the previous empirical studies, we attempt to examine a role that banks play 

in the investment–uncertainty relationship. Recently, a large number of empirical 

studies have rekindled the discussion over the role that financial intermediaries—in 

particular, banks—play in the investment decisions of firms.6  

In our paper, we begin by presuming that banks have two opposing effects on the 

decision rule of firms for investment. One is that a bank–firm relationship makes it 

possible to lower agency costs of external financing through the information production 

and monitoring activities of banks (see, for example, Diamond (1984, 1991), Fama (1985), 

and Berlin and Loeys (1988)). The other is that its relationship leads to an increase in 

agency costs since a bank may exploit its privileged position to hold up and demand 

additional rents from firms (see, for example, Sharpe (1990), Rajan (1992), and Diamond 

(1993)).  

Another purpose of our paper is to clarify whether or not a close bank–firm 

relationship lowers agency costs. We estimate the sensitivity of investment to 

                                                   
6 See the empirical studies, Petersen and Rajan (1994), Houston and James (1996), 
Weinstein and Yafeh (1995, 1998), Anderson and Makhija (1999), and Detragiache, 
Garella, and Guiso (2000). 
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uncertainty across two groups into which the sample firms are split, according to the 

bond-to-debt ratio and the main-bank-loan ratio. We then discuss the role of a (main) 

bank from the differences in the sensitivity of uncertainty to investment across groups.  

Consistent with the notion that firms are likely to cope with more severe hold-up 

problems, we find that firms with access to multiple banking relationships and public 

debt markets have less negative impact of uncertainty on investment. It is antithetical 

to a number of the existing papers in the literature, which emphasize that Japanese 

banks have mitigated agency costs (see, for example, Hoshi, Kashyap, and Scharfstein 

(1990, 1991), Prowse (1990), Kaplan and Minton (1994), and Anderson and Makhija 

(1999)). In particular, we find that large firms are likely to face more severe hold-up 

problems than small-to-medium firms. 

The remainder of our study is organized as follows. Section 2 provides a brief review 

of the theoretical studies on a relationship between investment and uncertainty. Section 

3 provides some hypotheses that we construct on the basis of these theories. Section 4 

describes the procedures for measuring uncertainty. Section 5 presents the empirical 

model and the methods of estimation for the model. Section 6 presents the empirical 

results for the model. Finally, Section 7 concludes with a summary of our main findings. 

 

 

2.2.2.2.    Literature ReviewLiterature ReviewLiterature ReviewLiterature Review    

 

There are various conflicts of interest between creditors and shareholders (or managers 

who are trusted entirely by shareholders) concerning the returns of firms. Under limited 

liability, a firm has an incentive to opt for excessively risky investment projects, because 
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the expected payoff for shareholders is positively associated with a default risk—that is, 

the volatility of a firm’s return. In contrast, the expected payoff for creditors decreases 

with an increase in uncertainty, and creditors who correctly anticipate a firm’s behavior 

demand a premium on the debt they purchase or bond covenants that restrict the firm’s 

future use of debt. For example, a high interest payment prevents a firm from investing 

in some projects that would normally have been undertaken. The costs that are caused 

by these conflicts are called agency costs,7 and they result in increasing the cost of 

capital. In this way, an increase in uncertainty makes firms less eager to invest.  

In addition to conflicts of interest on a firm’s future prospects, there exist some 

information asymmetries between creditors and the firm. Information asymmetries 

make it difficult for an individual creditor or a financial intermediary to assess 

investment projects.8 Creditors demand higher interest payments from the borrowing 

firm to make up for the costly tasks of screening and monitoring. In other words, 

information asymmetries generate alternative agency costs. Consequently, an increase 

in uncertainty over a firm’s future profitability makes firms less eager to invest. In 

particular, it is expected that the negative relationship is large for firms with a higher 

dependence on external financing because they are more likely to face serious 

information problems (See, for example, Greenwald, Stiglitz, and Weiss (1984) and 

Greenwald and Stiglitz (1990)). 

In contrast to these arguments that emphasize imperfections of the capital markets, 

the alternative is to focus on the configuration of the marginal profitability of 

capital—that is, marginal q. According to the alternative arguments, there are two 

                                                   
7 In our paper, we restrict our attention to agency costs of debt and do not discuss agency 
costs of equity.  
8 See, for example, Stulz (1990). 
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opposing effects of uncertainty on marginal q: a positive one and a negative one. As 

Hartman (1972) and Abel (1983, 1986) have shown, under the combination of perfect 

competition, reversibility, and a constant-returns-to-scale technology, marginal q is a 

convex function of the stochastic variable such as an output price or an input price. Abel 

and Eberly (1994) show that, given that competition is perfect and that technology is 

constant-returns-to-scale, the above argument is held regardless of the irreversibility of 

investment. In addition, Lee and Shin (2000) show that the existence of input variables 

makes marginal q more convex. In all cases, an increase in uncertainty increases the 

value of marginal q, according to Jensen’s inequality, and stimulates a firm to invest 

more. In this paper, the effect of uncertainty is called the convexity effect. 

In contrast, McDonald and Siegel (1986) and Dixit and Pindyck (1994) show that, in 

a monopolistic setting, irreversibility of investment bestows a value on the option of 

waiting for new information, and that irreversibility of investment induces a firm to 

postpone (or decrease) investment in response to an increase in uncertainty. Caballero 

(1991) and Sakellaris (1994) show that the combination of imperfect competition, a 

constant-returns-to-scale technology, and irreversibility of investment causes marginal 

q to be a concave function. This effect of uncertainty is called the irreversibility effect. 

The overall effect of uncertainty on irreversible investment—whether the convexity 

effect dominates the irreversibility effect or not—is, in principle, ambiguous. Caballero 

(1991) and Sakellaris (1994) focus on the role of the price elasticity of demand, which is 

negatively related to the degree of imperfect competition. Following both studies, given 

that investment is irreversible and that a firm has a constant-returns-to-scale 

technology, when demand is inelastic, the irreversibility effect dominates the convexity 

effect. That is, the marginal profitability becomes so concave that an increase in 
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uncertainty makes firms less eager to invest. When, on the other hand, demand is elastic, 

the marginal profitability becomes so convex that an increase in uncertainty makes 

firms more eager to invest. 

Furthermore, Metcalf and Hassett (1995), Abel and Eberly (1999), Bar-Ilan and 

Strange (1999), and Sarkar (2000) show that, under the combination of the price 

inelasticity of demand, irreversibility, and a constant-returns-to-scale technology, the 

investment–uncertainty relationship is not monotonic. In particular, Abel and Eberly 

(1999) show that the relationship is characterized by an inverted U-curve—that is, when 

uncertainty is sufficiently small, the convexity effect is dominant; otherwise, the 

irreversibility effect is dominant. 

 

 

3.3.3.3.    Approaches for EmpiricaApproaches for EmpiricaApproaches for EmpiricaApproaches for Empirical Analysisl Analysisl Analysisl Analysis    

 

In our paper, we examine the relationship by considering not only the configuration of 

marginal q but also the imperfections of the capital market. We divide the sample of 

firms into two subsamples depending on the factors that are attributed to marginal q or 

to the imperfections of the capital market. We examine the investment–uncertainty 

relationship across subsamples. 

Throughout our paper, we presume that investment is irreversible9 and that a firm’s 

technology is constant-returns-to-scale. If the investment–uncertainty relationship is 

attributed to the configuration of marginal q, the relationship is negative and large in 

terms of the absolute value for firms with a monopoly right to invest. Alternatively, if the 

                                                   
9 Ogawa and Suzuki (2000) provide empirical evidence that investment is irreversible in 
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relationship is attributed to capital market imperfections, it is negative and large for 

firms facing liquidity constraints. 

Furthermore, it is a more interesting issue to explore the role that banks have in the 

investment–uncertainty relationship. The presence of capital market imperfections 

generates various agency costs depending on external financing. We focus on debt 

financing among the variety of external financing alternatives and then divide it into 

two: arm’s-length debt financing (bond financing) and monitored-debt financing (bank 

financing), which typically is supplied by commercial banks. The advantage of bank 

financing is in the reduction of some agency costs that arise from conflicts and 

information asymmetries between firms (shareholders) and creditors. In contrast, the 

disadvantage is that an ongoing relationship with a bank may create hold-up problems. 

It is expected that, as far as the advantage of bank financing exceeds the 

disadvantage, the negative effect of uncertainty on investment becomes small in 

absolute value for firms with close financial ties to a (main) bank. In contrast, it is 

expected that, under the situation that there exists a severe hold-up problem associated 

with borrowing from a particular bank, the negative effect becomes small for firms with 

access to pubic bond markets or multiple banking relationships.  

Finally, we examine whether there are some differences in the role that a (main) 

bank plays across firm classes. Medium-to-small firms or the liquidity-constrained firms 

are likely to be subject to serious problems owing to capital market imperfections. 

Consequently, it is expected that the advantages of bank financing exceed the 

disadvantages for these firms and that the main-bank relationship makes it possible to 

lessen the negative effect of uncertainty on investment. However, the advantage of bank 

                                                                                                                                                     
the Japanese manufacturing sector.  
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financing is restrictive for large firms or the non-liquidity-constrained firms. If anything, 

it is expected that the main-bank relationship leads to increasing the negative 

relationship of uncertainty to investment. 

 

 

4.4.4.4.    Measuring UncertaintyMeasuring UncertaintyMeasuring UncertaintyMeasuring Uncertainty     

    

A large number of previous empirical studies have used the volatilities of sales, costs, 

profits, output prices, input prices, stock returns, and so on, as uncertainty proxy 

variables.10 Unfortunately, there is no consensus about what is the most appropriate 

for an uncertainty variable in the existing empirical literature. 

In addition, there are several ways of measuring an uncertainty proxy. The first is 

to calculate the standard deviation of a variable X  that is believed to influence the 

profit of firms. The second is to estimate a statistical model of the process that a 

variable X  follows and then to calculate the standard deviation of the residuals.11 

In our paper, following Pindyck and Solimano (1993), Honda and Suzuki (2000), 

                                                   
10 For example, Bell and Campa (1997) examine the sensitivities of investment to 
uncertainty proxies of the exchange rates, input prices, and product demands, and 
report that exchange rate uncertainty has a negative and significant impact on 
investment by chemical manufacturing firms in the European Union. Leahy and Whited 
(1996) examine the sensitivities of investment to the stock return uncertainty and report 
a negative relationship for U.S. manufacturing firms. Kalckreuth (2000) examines the 
sensitivities of investment to the sales and cost uncertainty indicators and reports that 
both uncertainty indicators have a negative and significant impact on investment in the 
German manufacturing sector. Ogawa and Suzuki (2000) examine the sensitivities of 
investment to the individual-specific and industry-wide uncertainty indicators of sales, 
and report that industry-wide uncertainty has a negative and significant impact on 
investment in the Japanese manufacturing sector. 
11 Guiso and Parigi (1996) use information on each firm’s subjective assessment of the 
evolution of its product demand one and three years ahead in order to construct a 
measure of uncertainty. 
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and Suzuki (2001), we adopt the volatility of marginal q as an uncertainty proxy. In 

order to ensure robustness of our empirical results, we use two different procedures 

that depend on the year-overlapping periods over which we construct our uncertainty 

proxy. 

The first procedure is to calculate the standard deviations of marginal q based on 

the popular formula using the past three or five years of information. In other words, 

our measure of uncertainty, ( )( )5 or 3qqUC ti =,,1 , , is calculated as follows: 

 

(1) ( ) ( ) qXXqUC
t

qtk
q

ikiti /,1
1 2*

,, 


 −= ∑ −

−=
 3=q  or 5 , 

 

(2) qXX
t

qtk ki
q

i /
1

,
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= ∑ −

−=
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where i , t , and q denote the firm, period, and the year-period over which we construct 

our uncertainty proxy, respectively; and kiX ,  denotes marginal q.  

Following Ghosal and Loungani (2000), the second procedure estimates the 

individual firm’s profit-forecasting equation, and then calculates the standard 

deviation of the residuals. We assume that the individual firm’s profit-forecasting 

equation is as follows: 

 

(3) titltiti vAXXX ,1,21,10, +++= −− λλλ , 

 

(4) 1, −tlAX 1,1 1, /1,
−= − 


= ∑ −

tl
n

i ti nXtl , 
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where 1, −tlAX  denotes marginal q in the l -th industry to which the i -th firm belongs 

(where 1=l  for the machinery industry, 2=l  for the electrical machinery and 

equipment industry, and 3=l  for the transportation equipment industry) in year 1−t ; 

1, −tln  denotes the number of firms in the l -th industry in year 1−t ; and tiv ,  denotes the 

error term of the forecasting equation. 

For each individual firm, we estimate Equation (3) over the entire sample period 

1978–1992. We then use the standard deviation of the residuals over the past three- or 

five-year period, ( )( )5 or 3qqUC ti =,,2 , , as an uncertainty proxy. By incorporating 

Equation (3) into 1, −tlAX , we remove the influences of industry-wide fluctuations in 

business cycles. In other words, ( ) tiqUC ,,1  encompasses both the individual-specific 

uncertainty and the industry-wide uncertainty of marginal q, while ( ) tiqUC ,,2  mainly 

captures the individual-specific uncertainty of marginal q. 

 

 

5.5.5.5.    Empirical Specification and DataEmpirical Specification and DataEmpirical Specification and DataEmpirical Specification and Data     

 

Following Leahy and Whited (1996) and Suzuki (2001), the basic investment function we 

adopt for estimation is the q-type investment function with an uncertainty proxy 

variable, ( ) tiqmUC ,, , 2 or 1m = , 5 or 3q = , and financial variables, 1, −tiFIN  and 1, −tiLK . 

Thus the estimated model is written as follows: 

 

(5) ( ) titititititititi udzqmUCLKFINMRQKI ,,41,31,2,11,, ,/ ++++++= −−− αααα . 

 

Furthermore, in order to test the existence of the inverted-U uncertainty effect, 
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which is illustrated by Abel and Eberly (1999), we estimate the model that adds the 

square of uncertainty, ( )( )2
,, tiqmUC , to explanatory variables in Equation (5): 

 

(6) ( ) ( )( ) tititititititititi udzqmUCqmUCLKFINMRQKI ,
2

,5,41,31,2,11,, ,,/ +++++++= −−− ααααα  

 

Here tiI ,  is real gross investment, 1, −tiK  is the real capital stock, tiMRQ ,  is the proxy 

variable of marginal q, 1, −tiFIN  is the liquidity financial asset ratio, 1, −tiLK  is the 

land-to-capital ratio, iz  is the unobservable firm effect, td  is the unobservable year 

effect, and tiu ,  is the disturbance term. All stocks denote end-of-period values.12 In 

estimating Equation (5) or Equation (6), the two-way, fixed-effects model is chosen 

because of the results of Hausman’s specification test.13 

1, −tiFIN  and 1, −tiLK  are the so-called financial proxies that express the intensity of 

financial liquidity. Since the study of Fazzari, Hubbard, and Petersen (1988), a number 

of empirical studies have used cash flow as a proxy for financial liquidity. Kaplan and 

Zingales (1997), however, provide both theoretical reasons and empirical evidence for 

the conclusion that a greater sensitivity of investment to cash flow is not a reliable 

measure of the degree of financial liquidity. Therefore, as in Gilchrist and Himmelberg 

(1999), we adopt the liquidity–asset ratio as a proxy for a firm’s financial liquidity14 in 

order to avoid a criticism that has been directed at Kaplan and Zingales (1997). In 

addition, we adopt the land-to-capital ratio, 1, −tiLK , as another proxy for financial 

liquidity. The reason for introducing 1, −tiLK  is that for Japanese firms, land assets have 

                                                   
12 See the appendix for further details about the data and variable definitions. 
13 See Baltagi (1995) for a further discussion of Hausman’s specification test. 
14 According to Suzuki (2001), we used the capital–asset ratio as an alternative to 
financial liquidity, but there were insignificant changes in the qualitative results. 
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played an important role as collateral since land prices kept rising in the post-war period 

until they collapsed in the early 1990s.15 

The data on which our empirical analysis is based come mostly from the database of 

the Japan Development Bank. The total number of firms in our sample is 245. All the 

sample firms belong to one of three manufacturing industries, namely machinery, 

electrical machinery and equipment, and transportation equipment industries. We 

delete sample firms with missing or inconsistent data or those that were involved in 

large mergers and acquisitions during the sample period. The sample period is from 

1983 to 1993.  

We use the instrument-variable method to estimate Equations (5) and (6) in order to 

avoid the problem of the endogeneity of the regressors. Instruments that we utilize to 

estimate Equation (5) are the first and second lags of the rate of investment, 1,, / −titi KI , 

marginal q, tiMRQ , , two beginning-of-period financial variables, 1,1, , −− titi LKFIN , current 

measured uncertainty, ( ) tiqmUC ,, , firm dummies, iz , and time dummies, td . Also, in 

estimating Equation (6), we add the square of current measured uncertainty, 

( )( )2
,, tiqmUC , to the set of instruments in Equation (5). There are a few substantial 

outliers in the sample. Since their inclusion may bias the estimation, we further 

trimmed the data by deleting the observations below the 0.5th percentile and above the 

99.5th percentile for 1,, / −titi KI  and tiMRQ , . 

Table 1 reports summary statistics for the full sample and the various sample splits. 

As described in the next section, we undertake an in-depth analysis of whether or not 

there are differences in the sensitivity of investment to uncertainty across subsamples 

depending on firm characteristics. 

                                                   
15 See, for example, Ogawa and Kitasaka (1998). 



 15 

 

 

6.6.6.6.    Empirical ResultsEmpirical ResultsEmpirical ResultsEmpirical Results    

 

A. The Negative and Linear Relationship 

 

We first examine the relationship between uncertainty and investment for the entire 

sample of firms. In Table 2 we present the empirical results obtained by using four 

different uncertainty measures, for Equation (5), in which the relationship between 

investment and uncertainty is assumed to be linear, and Equation (6), in which the 

relationship is assumed to be non-linear. We report the results obtained for Equation (5) 

in the first and third columns of Part 1 and Part 2, and the results obtained for Equation 

(6) in the second and fourth columns of Part 1 and Part 2. If the inverted U-curve 

relationship exists, as Abel and Eberly (1999) have documented, we expect the 

coefficient of ( ) tiqmUC ,,  to be is positive and the coefficient of ( )( )2
,, tiqmUC  to be 

negative. 

The coefficients of tiMRQ , , 1, −tiFIN , and 1, −tiLK  are positive and statistically 

significant, irrespective of the uncertainty measures. These empirical results are similar 

to those of Ogawa et al. (1994). These are consistent with the widespread notion that a 

firm’s investment decision depends not only on the investment opportunity itself but 

also on financial variables that represent the degree of liquidity constraint. 

The chief concern in our paper is the sign of the estimates of the uncertainty 

coefficients. First, we discuss the results of the investment function with a linear 

relationship to uncertainty. Of the four uncertainty measures, three uncertainty 
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coefficients are negative and statistically significant at the 5% level, and the other one is 

significant at the 10% level. From these results, we cannot support the hypothesis that 

marginal q is convex—that is, that an increase in uncertainty increases the value of 

marginal q and encourages a firm to invest more. 

Second, irrespective of the various uncertainty measures, the uncertainty 

coefficients are essentially similar in their values. This finding suggests that the main 

source of uncertainty that affects a firm’s investment decision is firm-specific 

uncertainty rather than industry-wide uncertainty.  

With regard to the results of the investment function with a non-linear relationship 

to uncertainty, the uncertainty coefficients do not satisfy the condition: 04 >α  and 

05 <α . Consequently, there is no inverted U-curve relationship between investment and 

uncertainty.16 

 

B. The Importance of Capital Market Imperfections  

 

As has been illustrated, the negative sign of the uncertainty coefficient is explained by 

the concavity of marginal q and by imperfections of the capital markets. In the former 

case, the uncertainty coefficients are negative and large in absolute value for large firms 

and for firms with high market share, both of which enjoy a monopoly right to invest and 

rule out the possibility of other firms entering in competition. In the latter case, in 

contrast, the uncertainty coefficients are negative and large for the medium-to-small 

firms and firms with high debt ratios, which are both likely to be subject to the liquidity 

                                                   
16 In our empirical analyses, which are reported below, the results do not support the 
existence of an inverted U-curve relationship. We therefore omit the results of Equation 
(6) from our tables in order to avoid troublesome arguments. 
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constraint. To test these predictions, we split the sample into two subsamples according 

to firm size, market-share ratio, and debt ratio. 

In Table 3, we present the empirical results of our investment equations that are 

estimated for the subsamples of medium-to-small firms and large firms. According to the 

magnitude of capital stock at end-of-fiscal-year 1993, we divide the sample of firms into 

two: medium-to-small firms, of which the observations are below the 40th percentile of 

the full sample, and large firms, of which the observations are above the 60th percentile. 

The uncertainty coefficients for medium-to-small firms are negative and significant at 

the 5% level, irrespective of the uncertainty measures, while the coefficients for large 

firms are insignificant or marginally significant (but positive) at the 10% level. Also, the 

magnitudes of the uncertainty coefficients are statistically different between 

medium-to-small and large firms at the 5% significance level except for the case of the 

uncertainty measure ( )5,1UC . 

In Table 4, we present the empirical results for the two subsamples on the basis of 

the market-share ratio. According to the magnitude of the average price–cost margin17 

for 1983–1993 (PCM) as the market-share ratio, we divide the sample of firms into the 

low-PCM firm and the high-PCM firm subsamples.18 The uncertainty coefficients for 

low-PCM firms are negative and significant at the 5% level, except for the case of ( )3,1UC , 

while the coefficients for high-PCM firms are insignificant in the all cases. Also, these 

magnitudes are statistically different between low-PCM and high-PCM firms at the 1% 

                                                   
17 Following Domowitz, Hubbard, and Petersen (1986), we calculate PCM as: 

es∆InventoriSales of Value
Materials ofCost Payrolles∆InventoriSales of ValuePCM

+
−−+=

. 
We then compute the average PCM for 1983–1993 for each individual firm. 
18 We identify low-PCM firms as those in the lower 40th percentile and high-PCM firms 
as those in the higher 60th percentile of the sample. 
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significance level in the cases of the firm-specific uncertainty measures, ( )3,2UC  and 

( )5,2UC . 

In Table 5, we present empirical results for the two subsamples on the basis of the 

debt ratio. According to the magnitude of the average debt ratio19 for 1983–1993 (D/A), 

we divide the sample of firms into subsamples of the low-D/A firms and the high-D/A 

firms.20 All the uncertainty coefficients for low-D/A firms are positive values and two of 

the four are marginally significant at the 10% level. In contrast, all the uncertainty 

coefficients for high-D/A firms are negative, and three of the four are significant at the 

5% level and the other is marginally significant at the 10% level. Also, these magnitudes 

are statistically different between low-D/A and high-D/A firms at the 5% significance 

level, irrespective of the uncertainty measures. 

To summarize, our results are reasonably consistent with the argument that the 

negative relationship between investment and uncertainty is explained not by the 

concavity of marginal q but by the imperfections of the capital markets for Japanese 

manufacturing firms.  

 

C. The Role of Banks  

 

In the light of the above results, it is interesting to examine what role banks have in the 

relationship between investment and uncertainty. There are some differences in agency 

                                                   
19 Here we calculate the debt ratio as: 

Equity of ValueMarket gOutstandinDebt  of ValueBook 
BondsWarrant Bonds eConvertibl

BondsStraight Loans  Term- Long  and Loans Term-Short 
 gOutstandinDebt of ValueBook 

AD
+







++

+

=

We then compute the average D/A for 1983–1993 for each individual firm. 
20 We identify low-D/A firms as those in the lower 40th percentile and high-D/A firms as 
those in the higher 60th percentile of the sample. 
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costs across external financing of firms, and there are therefore some differences in the 

sensitivity of investment to uncertainty across the external financing of firms. We now 

focus on bank financing and bond financing as external forms of debt financing.  

As a whole, bank financing can mitigate some agency costs that arise from conflicts 

and information asymmetry problems, while an ongoing relationship with a bank may 

create hold-up problems. As Rajan (1992) and Diamond (1993) argue, in situations 

where firms face severe hold-up problems, multiple banking relationships and public 

debt issues can limit the bargaining power that banks have in a loan contract and can 

thus mitigate underinvestment problems. The sensitivity of investment to uncertainty, 

therefore, is expected to be smaller for firms with multiple banking relationships or bond 

financing. To test this prediction, we estimate the sensitivity of investment to 

uncertainty across two groups into which the sample firms are split, according to the 

bond-to-debt or the main-bank-loan ratios. 

First, Table 6 presents the empirical results for the two groups according to the 

magnitude of the average bond-to-total-debt ratio for 1983–1993 (B/D).21 The two groups 

are defined as follows: one is the low-B/D firms and the other is the high-B/D firms.22 All 

the uncertainty coefficients for the low-B/D firms are negative and three are significant 

at the 5% level. In contrast, all the coefficients for the high-B/D firms are statistically 

insignificant. Also, the magnitudes of the uncertainty coefficients are statistically 

different between the low-B/D and the high-B/D firms at the 5% level significance, 

                                                   
21 Here we calculate the bond-to-total-debt ratio as: 

( )
gOutstandinDebt 

BondsWarrant Bonds eConvertiblBondsStraight  gOutstandin BondDB ++=
. 

We then compute the average B/D for 1983–1993 for each individual firm. 
22 We identify low-B/D firms as those in the lower 40th percentile and high-B/D firms as 
those in the higher 60th percentile of the sample. 
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except for the case of ( )3,1UC . 

Second, Table 7 presents the results for the two groups according to the magnitude 

of the average main-bank-loan-to-total-loan ratio for 1983–1993 (MB/L).23 One group is 

defined as low-MB/L firms and other as high-MB/L firms. 24  All the uncertainty 

coefficients for the low-MB/L firms are statistically insignificant, while all the 

coefficients for the high-MB/L firms are negative and significant at the 5% level. Also, 

the magnitudes of the uncertainty coefficients are statistically different between the 

low-MB/L and the high-MB/L firms at the 5% level. 

In summary, these results support the argument that a firm’s investment decision is 

constrained by the hold-up behavior of their main bank that has an information 

monopoly. Consistent with Rajan (1992) and Diamond (1993), the higher the dependence 

on a main bank, the more difficult it is for these firms to raise funds by bond financing 

and by borrowing from other banks and to invest in their projects with an increase in 

uncertainty.  

The effect of a main bank on uncertainty in investment is expected to vary according 

to the kind of firm. Medium-to-small firms are likely experience severe problems of 

information asymmetry (moral hazard and adverse selection) between the borrowing 

                                                   
23 Here we calculate the main-bank-loan ratio as: 

gOutstandin Loans Term-Short
provides  shareloan  largest      thebank  with  a which  gOutstandin Loans Term-ShortLMB =

. 
We then compute the average MB/L for 1983–1993 for each individual firm. We think 
that having the largest share of short-term loans, rather than that of both short-term 
and long-term loans, is the hallmark of the main bank. The reason is that a main bank 
has the pivotal oversight role in the ongoing financing of the firms and, at times, the 
ability to obtain and exercise leverage over the firm’s operations and management by 
monitoring the flow of short-term loans. We also tried using the main-bank-loan ratio 
defined by both short-term and long-term loans, in place of short-term loans, with little 
change in the qualitative results. See Aoki and Patrick (1994) for a further analysis of 
the Japanese Main Bank System.  
24 We identify low-MB/L firms as those in the lower 40 percentile and high-MB/L firms 



 21 

firm and the lenders. These firms can mitigate information asymmetry problems by 

establishing a relationship with a particular bank—that is, the main-bank relationship. 

However, large firms are not likely to face information asymmetry problems. To 

establish a relationship with a main bank, if anything, brings firms to face hold-up 

problems and amplifies the negative relationship between investment and uncertainty. 

In order to test this implication, we split the sample into large-firm and 

medium-to-small firm subsamples to estimate the following Equation (7) that includes 

the interaction term between the main-bank-loan ratio and uncertainty as a regressor: 

 

(7) ( ) ( ) titititititititititi udzqmUCRqmUCLKFINMRQKI ,,1,5,41,31,2,11,, ,,/ +++⋅++++= −−−− ααααα , 

 

where 1, −tiR  denotes the main-bank-loan-to-total-loan ratio. If 5α  is a positive value, the 

negative relationship between investment and uncertainty is alleviated by adopting the 

main-bank system. Otherwise, the relationship is amplified.25  

Table 8 presents our empirical results. Although the uncertainty coefficients for 

medium-to-small firms are negative and significant at the 5% level, the coefficients of 

the interaction between main-bank ratio and uncertainty are positive but statistically 

insignificant. However, although the uncertainty coefficients for large firms are 

insignificant, the interaction terms are statistically significant at the 5% level in the two 

                                                                                                                                                     
as those in the higher 60 percentile of the sample. 
25 We use instrument-variable methods to estimate Equation (7). As instruments, we 
use the first and second lags of the rate of investment, 1,, / −titi KI , marginal q, tiMRQ , , two 
beginning-of-period financial variables, 1,1, , −− titi LKFIN , current measured uncertainty, 

( ) tiqmUC ,, , the interaction term between the beginning-of-period main bank loan ratio 

and current measured uncertainty, ( ) titi qmUCR ,1, ,⋅− , firm dummies, iz , and time 



 22 

firm-specific uncertainty measures, ( )3,2UC  and ( )5,2UC , and are marginally significant 

at the 10% level in the remaining two cases of the uncertainty measures. 

These results do not necessarily support the argument that to establish the 

main-bank relationship makes it useful for firms to mitigate information asymmetry 

problems. We find that the negative relationship between investment and uncertainty is, 

if anything, amplified for large firms that have established a tie relationship with a 

main bank. Our findings are consistent with the argument of Weinstein and Yafeh (1995, 

1998), indicating that large firms with a higher main-bank-loan ratio have faced more 

serious hold-up problems. 

 

 

7.7.7.7.    Conclusions Conclusions Conclusions Conclusions     

 

In our paper, we examine the relationship between investment and uncertainty by 

investigating not only the configuration of marginal q but also the imperfections of the 

capital market. We divide the sample of Japanese manufacturing firms into two groups 

depending on various criteria, to explore the differences in the relationship across 

groups.  

The finding of our paper is consistent with the notion that the negative relationship 

is accounted for by the imperfections of the capital market. Other things being equal, we 

find that the relationship is negative and large in absolute value for medium-to-small 

firms and high-leverage firms that are likely to be subject to a liquidity constraint.  

Another finding is that establishing a close relationship with a main bank creates 

                                                                                                                                                     
dummies, td . 
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hold-up problems and prevents the firm from investing more. Firms without access to 

multiple banking relationships and public debt markets exploit no privileged position in 

loan contracts and bear extra additional rents from a bank. This implies an increase in a 

firm’s cost of capital. Therefore, an increase in uncertainty increases rents that a main 

bank demands of these firms, resulting in it being easier for them to invest. Our results 

indicate that large firms tend to face these hold-up problems after the financial 

deregulation of the 1980s.  
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AppendixAppendixAppendixAppendix    

 

We give some brief explanations about the data set employed. See Hayashi and Inoue 

(1991), Ogawa and Suzuki (2000), and Suzuki (2001) for detailed procedures on the 

construction of data on the capital stock and the land stock. 

 

Construction of the Capital Stock 

We first classify the values of depreciable assets excluding land into five categories: (1) 
nonresidential buildings; (2) structures; (3) machinery; (4) transportation equipment; 
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and (5) instruments and tools. We follow the perpetual inventory method in calculating 
the series of the physical depreciable capital stock, as suggested by Hayashi and Inoue 
(1991) and Suzuki (2001). We choose the fiscal year of 1970 as our benchmark period. We 
utilize the physical depreciation rates ( )δ  that are based on those reported in Suzuki 
(2001). Given the benchmark value of the depreciable stock, real investment series, and 
depreciation rate, we calculate the series of capital stock from the following formula:  
 
       ( )K K It t t= − +−1 1δ . 
        
        
Construction of the Land Stock 
We also apply the perpetual inventory method to the calculation on the series of the land 
stock. We choose the fiscal year of 1970 as our benchmark period. The benchmark of land 
at the market price is computed by multiplying the book value of land stock in the 
balance sheet by the market-book ratio, 5.27, which is taken from Ogawa and Suzuki 
(2000). The net investment in land at the market price ( )NILANDt  is calculated as the 
increment of land, which is evaluated at current price, minus the decrement of land at 
current price. The decrement of land in the balance sheet is originally book-valued, so 
that it is converted into market value under the last-in-first-out assumption that the 
land sold in period t was purchased in the most recent period, period t-1. Finally, the 
land stock at the market price is constructed by the following formula: 

 

   LAND LAND p
p

NILANDt t
t
L

t
L t= +−
−

1
1

, 

 
where LANDt  is the stock of land at market price; and pt

L  is the land price. 
 
Construction of Marginal q 
Marginal q is defined as the ratio of profit per unit of capital to the cost of capital under 
the combination of a constant-returns-to-scale technology and statistic expectation. We 
construct our proxy for marginal q MRQ  as follows: 

 

Capital ofCost 
Capital ofprofit  Marginal q Marginal ＝ . 

 
The marginal profit of capital ti,π  is computed as follows: 
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1,

,
,

−
=

ti

ti
ti K

OR
π , 

 

where 
Price Good Investment

Taxes Corporate -on Depreciati  PaymentsInterest   IncomeOrdinary 
,

++=tiOR . 

 
The cost of capital is computed as follows: 
 

( ) δτ +×−= titti R r ,, 1 , 
 

where tτ  is the effective corporate tax rate, tiR ,  is the borrowing rate of the firm, and δ  
is an appropriate depreciation rate for the physical capital stock, respectively. The 
values of tiR ,  are computed as flows: 
 

NotesDiscount  Payable Bonds  Payable Loans Term Long and TermShort 
ExpensesInterest  Bond PaidDiscount  andInterest 

, ++
+=tiR . 

 
δ  is assumed to be constant ( 075.0  per annum).  
 
Construction of Uncertainty  
Following Pindyck and Solimano (1993), Honda and Suzuki (2000), and Suzuki (2001), 
we adopt the volatility of marginal q as an uncertainty proxy. See Section 4. 
 
Construction of the Liquidity Asset Ratio 
The liquidity asset ratio, tiFIN ,  is computed as follows: 

 

tiFN , Asset Total
Asset Current =  
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Table 1.   
Summary Statistics; Sample Period: 1983-1993 (Fiscal Year) 

           Full Sample  Firm Size (1)  PCM  (2) 

     
Medium-to- 

Small Large   Low High 

  Number of 
Observations   2631  1019 1075  1057 1037 

 Mean  0.150  0.132 0.167  0.137 0.159 
I/K Median  0.130  0.103 0.153  0.118 0.141 

     Standard Deviation  0.106  0.116 0.093  0.107 0.106 
 Mean  2.216  2.377 2.116  1.968 2.420 

MRQ Median  2.045  2.235 1.961  1.905 2.194 
     Standard Deviation  1.491  1.871 1.075  1.364 1.576 
 Mean  0.975  1.342 0.736  0.907 1.082 

FIN Median  0.663  0.841 0.565  0.601 0.711 
     Standard Deviation  1.203  1.657 0.698  1.001 1.512 
 Mean  1.347  2.026 0.788  1.669 1.215 

LK Median  0.808  1.251 0.591  0.920 0.763 
     Standard Deviation  1.692  2.280 0.667  2.171 1.323 
 Mean  0.491  0.709 0.300  0.503 0.494 

UC(1,3) Median  0.290  0.439 0.200  0.270 0.312 
     Standard Deviation  0.582  0.722 0.357  0.599 0.604 
 Mean  0.644  0.926 0.393  0.667 0.641 

UC(1,5) Median  0.424  0.620 0.273  0.410 0.435 
     Standard Deviation  0.666  0.819 0.388  0.677 0.696 
 Mean  0.498  0.720 0.306  0.483 0.521 

UC(2,3) Median  0.304  0.465 0.199  0.277 0.324 
     Standard Deviation  0.561  0.701 0.344  0.532 0.616 
 Mean  0.608  0.868 0.380  0.605 0.620 

UC(2,5) Median  0.408  0.637 0.277  0.384 0.422 
     Standard Deviation  0.592  0.711 0.382  0.587 0.619 

Notes:           
(1) According to the magnitude of capital stock at end-of-fiscal-year 1993, we divide the sample of firms into two: 

medium-to-small firms, of which the observations are below the 40th percentile of the full sample, and large firms, of 
which the observations are above the 60th percentile. 

(2) According to the magnitude of the average price cost margin for 1983–1993, we divide the sample of firms into the 
low-PCM firms, of which the observations are below the 40th percentile of the full sample, and the high-PCM firms, 
of which the observations are above the 60th percentile. 
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Table 1 (Continued). 
Summary Statistics; Sample Period: 1983-1993 (Fiscal Year) 

D/A    (3)  B/D    (4)  MB/L    (5) 
Low High  Low High  Low High 

1071 1026  1042 1057  1049 1046 
0.168 0.127  0.131 0.168  0.152 0.148 
0.149 0.105  0.107 0.152  0.138 0.119 
0.107 0.107  0.107 0.105  0.094 0.114 
2.410 1.977  2.058 2.347  2.395 2.035 
2.154 1.905  1.957 2.088  2.114 1.944 
1.386 1.679  1.688 1.454  1.561 1.506 
0.926 1.046  0.923 1.109  1.088 0.910 
0.707 0.656  0.613 0.746  0.737 0.624 
0.879 1.238  1.062 1.426  1.184 1.339 
0.941 1.905  1.819 0.900  1.291 1.385 
0.639 1.201  0.994 0.626  0.792 0.846 
1.199 2.180  2.279 0.907  1.549 1.552 
0.414 0.638  0.627 0.420  0.476 0.533 
0.256 0.369  0.357 0.267  0.256 0.326 
0.485 0.715  0.708 0.485  0.613 0.602 
0.541 0.843  0.814 0.543  0.610 0.709 
0.369 0.531  0.520 0.357  0.371 0.486 
0.535 0.821  0.763 0.578  0.688 0.704 
0.421 0.640  0.632 0.431  0.464 0.554 
0.272 0.383  0.381 0.272  0.266 0.361 
0.460 0.685  0.681 0.475  0.564 0.598 
0.515 0.779  0.757 0.531  0.571 0.673 
0.363 0.520  0.527 0.348  0.357 0.497 
0.486 0.717  0.678 0.542  0.626 0.604 

Notes:        
(3) According to the magnitude of the average debt ratio for 1983–1993, we divide the sample of firms into the low-D/A 

firms, of which the observations are below the 40th percentile of the full sample, and the high-D/A firms, of which the 
observations are above the 60th percentile. 

(4) According to the magnitude of the average bond-to-total-debt ratio for 1983–1993, we divide the sample of firms into 
the low-B/D firms, of which the observations are below the 40th percentile of the full sample, and the high-B/D firms, 
of which the observations are above the 60th percentile. 

(5) According to the magnitude of the average main-bank-loan-to-total-loan ratio for 1983–1993, we divide the sample 
of firms into the low-MB/L firms, of which the observations are below the 40th percentile of the full sample, and the 
high-MB/L firms, of which the observations are above the 60th percentile. Here, MB/L is short-term loans 
outstanding, which a bank with the largest loan share provides, divided by short-term loans outstanding. 

 

 

 

 

 

 



Table 2     
Empirical Results of the Investment Function 

Full Sample 
  Part 1 (individual-specific and industry-wide uncertainty) 
      Uncertainty Proxy: UC(1,3)  Uncertainty Proxy: UC(1,5) 
Variable  Estimate ｔｔｔｔ-value       Estimate ｔｔｔｔ-value       Estimate ｔｔｔｔ-value       Estimate ｔｔｔｔ-value      
MRQ  0.0273 7.26 ***  0.0279 7.36 ***  0.0282 7.41 ***  0.0290 7.45 *** 
FIN  0.0115 3.51 ***  0.0112 3.39 ***  0.0123 3.74 ***  0.0125 3.79 *** 
LK  0.0168 6.11 ***  0.0170 6.17 ***  0.0170 6.19 ***  0.0169 6.12 *** 
UC(m,q)  -0.0102 -2.05 **  0.0062 0.62   -0.0137 -2.52 **  -0.0030 -0.28  
UC(m,q)2      -0.0058 -1.89 *      -0.0032 -1.19  
Adjusted R2  0.232          0.232          0.233          0.232        

  Part 2 (individual-specific uncertainty) 
      Uncertainty Proxy: UC(2,3)  Uncertainty Proxy: UC(2,5) 
Variable  Estimate ｔｔｔｔ-value       Estimate ｔｔｔｔ-value       Estimate ｔｔｔｔ-value       Estimate ｔｔｔｔ-value      
MRQ  0.0279 7.35 ***  0.0279 7.34 ***  0.0280 7.32 ***  0.0280 7.31 *** 
FIN  0.0118 3.59 ***  0.0117 3.56 ***  0.0117 3.56 ***  0.0118 3.58 *** 
LK  0.0165 6.02 ***  0.0165 6.02 ***  0.0167 6.09 ***  0.0167 6.07 *** 
UC(m,q)  -0.0108 -1.98 **  -0.0145 -1.25   -0.0114 -1.70 *  -0.0041 -0.28  
UC(m,q)2      0.0014 0.36       -0.0026 -0.56  
Adjusted R2  0.232               0.231               0.231               0.2300           

Note: The estimation procedure uses the instrument-variable method. The dependent variable is the rate of investment. Instruments that we utilize in the first and third 
columns of part 1 and part 2 are the first and second lags of the rate of investment, marginal q, two beginning-of-period financial variables, current measured uncertainty, 
firm dummies, and time dummies. Also, in the second and fourth columns of part 1 and part 2, we add the square of current measured uncertainty to the set of instruments. 
Adjusted R2 is the coefficient of the determination adjusted for the degrees of freedom. t-values are based on White-corrected standard errors. All equations include firm 
dummy and time dummy variables. ***, **, and * denote significance at 1%, 5%, and 10% levels, respectively. 
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Table 3 
Empirical Results of the Investment Function 

Classification by Firm Size 
  Medium-to-Small Firms 
      UCE(1,3)  UC(1,5)  UC(2,3)  UC(2,5) 
Variable  Estimate ｔｔｔｔ-value       Estimate ｔｔｔｔ-value       Estimate ｔｔｔｔ-value       Estimate ｔｔｔｔ-value      
MRQ  0.0300 4.80 ***  0.0317 4.89 ***  0.0314 4.88 ***  0.0317 4.78 *** 
FIN  0.0097 2.30 **  0.0108 2.59 ***  0.0103 2.48 **  0.0102 2.44 ** 
LK  0.0135 3.74 ***  0.0133 3.70 ***  0.0131 3.64 ***  0.0133 3.72 *** 
UC(m,q)  -0.0158 -2.17 **  -0.0164 -2.05 **  -0.0206 -2.56 ***  -0.0223 -2.06 ** 
Adjusted R2  0.183     0.183     0.183     0.182    

  Large Firms 
      UCE(1,3)  UC(1,5)  UC(2,3)  UC(2,5) 
Variable  Estimate ｔｔｔｔ-value       Estimate ｔｔｔｔ-value       Estimate ｔｔｔｔ-value       Estimate ｔｔｔｔ-value      
MRQ  0.0251 3.77 ***  0.0222 3.50 ***  0.0269 4.25 ***  0.0249 3.96 *** 
FIN  0.0031 0.33   0.0058 0.64   0.0009 0.10   0.0034 0.38  
LK  0.0687 7.69 ***  0.0706 7.78 ***  0.0675 7.56 ***  0.0678 7.44 *** 
UC(m,q)  0.0055 0.52   -0.0118 -1.08   0.0195 1.77 *  0.0057 0.49  
Adjusted R2  0.248     0.248     0.251     0.248    

Notes: See the notes for Table 2.             
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Table 4 
Empirical Results of the Investment Function 

Classification by Price–Cost Margin  
  Low PCM 
      UCE(1,3)  UC(1,5)  UC(2,3)  UC(2,5) 
Variable  Estimate ｔｔｔｔ-value       Estimate ｔｔｔｔ-value       Estimate ｔｔｔｔ-value       Estimate ｔｔｔｔ-value      
MRQ  0.0220 3.37 ***  0.0227 3.50 ***  0.0237 3.64 ***  0.0232 3.57 *** 
FIN  0.0236 3.19 ***  0.0233 3.16 ***  0.0233 3.16 ***  0.0238 3.23 *** 
LK  0.0065 1.85 *  0.0072 2.04 **  0.0066 1.88 *  0.0070 1.98 ** 
UC(m,q)  -0.0123 -1.60   -0.0204 -2.31 **  -0.0260 -2.88 ***  -0.0313 -2.97 *** 
Adjusted R2  0.219     0.221     0.224     0.222    

  High PCM 
      UCE(1,3)  UC(1,5)  UC(2,3)  UC(2,5) 
Variable  Estimate ｔｔｔｔ-value       Estimate ｔｔｔｔ-value       Estimate ｔｔｔｔ-value       Estimate ｔｔｔｔ-value      
MRQ  0.0275 4.50 ***  0.0288 4.62 ***  0.0276 4.49 ***  0.0272 4.35 *** 
FIN  0.0093 2.28 **  0.0103 2.50 **  0.0094 2.31 **  0.0094 2.31 ** 
LK  0.0441 7.02 ***  0.0443 7.06 ***  0.0436 6.96 ***  0.0434 6.91 *** 
UC(m,q)  -0.0111 -1.35   -0.0119 -1.43   0.0013 0.16   0.0061 0.58  
Adjusted R2  0.27     0.271     0.271     0.272    

Notes: See the notes for Table 2.              
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Table 5 
Empirical Results of the Investment Function 

Classification by Debt Ratio 
  Low D/A 
      UC(1,3)  UC(1,5)  UC(2,3)  UC(2,5) 
Variable  Estimate ｔｔｔｔ-value       Estimate ｔｔｔｔ-value       Estimate ｔｔｔｔ-value       Estimate ｔｔｔｔ-value      
MRQ  0.0357 7.72 ***  0.0354 7.72 ***  0.0351 7.67 ***  0.0351 7.67 *** 
FIN  0.0140 1.86 *  0.0144 1.91 *  0.0131 1.73 *  0.0134 1.78 * 
LK  0.0061 1.16   0.0065 1.23   0.0062 1.19   0.0061 1.17  
UC(m,q)  0.0084 0.91   0.0022 0.24   0.0181 1.80 *  0.0206 1.75 * 
Adjusted R2  0.264          0.265          0.267          0.266        

  High D/A 
      UC(1,3)  UC(1,5)  UC(2,3)  UC(2,5) 
Variable  Estimate ｔｔｔｔ-value       Estimate ｔｔｔｔ-value       Estimate ｔｔｔｔ-value       Estimate ｔｔｔｔ-value      
MRQ  0.0183 2.47 **  0.0207 2.65 ***  0.0203 2.65 ***  0.0206 2.67 *** 
FIN  0.0151 2.77 ***  0.0173 3.23 ***  0.0147 2.70 ***  0.0151 2.80 *** 
LK  0.0194 4.97 ***  0.0195 5.02 ***  0.0192 4.88 ***  0.0195 5.05 *** 
UC(m,q)  -0.0132 -1.83 *  -0.0191 -2.21 **  -0.0198 -2.49 **  -0.0236 -2.29 ** 
Adjusted R2  0.201     0.202     0.203     0.202    

Notes: See the notes for Table 2.             
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Table 6 
Empirical Results of the Investment Function 

Classification by Bond Ratio 
  Low B/D 
      UC(1,3)  UC(1,5)  UC(2,3)  UC(2,5) 
Variable  Estimate ｔｔｔｔ-value       Estimate ｔｔｔｔ-value       Estimate ｔｔｔｔ-value       Estimate ｔｔｔｔ-value      
MRQ  0.0222 3.42 ***  0.0251 3.65 ***  0.0237 3.55 ***  0.0249 3.65 *** 
FIN  0.0192 2.87 ***  0.0188 2.80 ***  0.0184 2.75 ***  0.0180 2.68 *** 
LK  0.0090 2.59 ***  0.0093 2.67 ***  0.0089 2.54 ***  0.0092 2.63 *** 
UC(m,q)  -0.0105 -1.53   -0.0218 -2.66 ***  -0.0163 -2.14 **  -0.0284 -2.87 *** 
Adjusted R2  0.175          0.178          0.176          0.178        

  High B/D 
      UC(1,3)  UC(1,5)  UC(2,3)  UC(2,5) 
Variable  Estimate ｔｔｔｔ-value       Estimate ｔｔｔｔ-value       Estimate ｔｔｔｔ-value       Estimate ｔｔｔｔ-value      
MRQ  0.0247 5.12 ***  0.0253 5.31 ***  0.0253 5.31 ***  0.0252 5.32 *** 
FIN  0.0091 2.10 ***  0.0086 1.94 *  0.0086 1.96 **  0.0082 1.89 * 
LK  0.0385 4.43 ***  0.0376 4.30 ***  0.0379 4.38 ***  0.0372 4.27 *** 
UC(m,q)  -0.0065 -0.64   0.0029 0.29   0.0021 0.21   0.0089 0.77  
Adjusted R2  0.272     0.272     0.272     0.273    

Notes: See the notes for Table 2.             
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Table 7 
Empirical Results of the Investment Function 

Classification by Main-Bank-Loan Ratio 
  Low-MB/L 
      UC(1,3)  UC(1,5)  UC(2,3)  UC(2,5) 
Variable  Estimate ｔｔｔｔ-value       Estimate ｔｔｔｔ-value       Estimate ｔｔｔｔ-value       Estimate ｔｔｔｔ-value      
MRQ  0.0215 4.70 ***  0.0218 4.74 ***  0.0216 4.72 ***  0.0214 4.68 *** 
FIN  -0.0058 -0.29   -0.0045 -0.23   -0.0064 -0.32   -0.0055 -0.28  
LK  0.0165 4.33 ***  0.0168 4.43 ***  0.0164 4.32 ***  0.0166 4.36 *** 
UC(m,q)  -0.0003 -0.05   -0.0073 -0.97   0.0027 0.35   -0.0014 -0.15  
Adjusted R2  0.231     0.232     0.232     0.231    

  High-MB/L 
      UC(1,3)  UC(1,5)  UC(2,3)  UC(2,5) 
Variable  Estimate ｔｔｔｔ-value       Estimate ｔｔｔｔ-value       Estimate ｔｔｔｔ-value       Estimate ｔｔｔｔ-value      
MRQ  0.0364 5.53 ***  0.0392 5.74 ***  0.0387 5.71 ***  0.0388 5.66 *** 
FIN  0.0622 2.60 ***  0.0609 2.54 **  0.0556 2.31 **  0.0573 2.38 ** 
LK  0.0352 5.90 ***  0.0346 5.80 ***  0.0339 5.66 ***  0.0339 5.65 *** 
UC(m,q)  -0.0219 -2.63 ***  -0.0197 -2.25 **  -0.0198 -2.11 **  -0.0233 -2.02 ** 
Adjusted R2  0.234     0.233     0.232     0.232    

Notes: See the notes for Table 2.             
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Table 8 
Empirical Results of the Investment Function 

Main Bank Effect between Medium-to-Small Firms and Large Firms 
  Medium-to-Small Firms 
      UC(1,3)  UC(1,5)  UC(2,3)  UC(2,5) 
Variable  Estimate ｔｔｔｔ-value       Estimate ｔｔｔｔ-value       Estimate ｔｔｔｔ-value       Estimate ｔｔｔｔ-value      
MRQ  0.0300 4.77 ***  0.0320 4.84 ***  0.0314 4.87 ***  0.0319 4.77 *** 
FIN  0.0100 2.39 **  0.0109 2.59 ***  0.0103 2.47 **  0.0102 2.43 ** 
LK  0.0138 3.82 ***  0.0142 3.92 ***  0.0132 3.63 ***  0.0139 3.85 *** 
UC(m,q)  -0.0218 -2.19 **  -0.0255 -2.40 **  -0.0220 -2.22 **  -0.0287 -2.28 ** 
R*UC(m,q)  0.0167 0.94   0.0235 1.44   0.0047 0.26   0.0218 1.12  
Adjusted R2  0.1810      0.1820      0.1820      0.1810     

  Large Firms 
      UC(1,3)  UC(1,5)  UC(2,3)  UC(2,5) 

Variable  Estimate ｔｔｔｔ-value       Estimate ｔｔｔｔ-value       
Estimate 

ｔｔｔｔ-value       Estimate ｔｔｔｔ-value      
MRQ  0.0246 3.75 ***  0.0219 3.49 ***  0.0273 4.34 ***  0.0251 4.03 *** 
FIN  0.0030 0.33   0.0047 0.52   -0.0006 -0.07   0.0017 0.19  
LK  0.0682 7.63 ***  0.0700 7.72 ***  0.0673 7.53 ***  0.0677 7.44 *** 
UC(m,q)  0.0154 1.25   -0.0002 -0.02   0.0313 2.35 **  0.0162 1.28  
R*UC(m,q)  -0.0586 -1.87 *  -0.0644 -2.29 **  -0.0528 -1.65 *  -0.0722 -2.24 ** 
Adjusted R2  0.2480      0.2490      0.2510      0.2490     

Note: The estimation procedure uses the instrument variable method. The dependent variable is the rate of investment. Instruments that we utilize are the first and second 
lags of the rate of investment, marginal q, two beginning-of-period financial variables, current measured uncertainty, the interaction term between the main bank loan ratio 
and uncertainty, firm dummies, and time dummies. Adjusted R2 is the coefficient of the determination adjusted for the degrees of freedom. t-values are based on 
White-corrected standard errors. All equations include firm dummy and time dummy variables. ***, **, and * denote significance at 1%, 5%, and 10% levels, 
respectively. 
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