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Uncertainty, Credit and Investment: 

Evidence from Firm-Bank Matched Data

This paper studies how high uncertainty affects corporate bank loans, 

addressing the important identification issue. In times of high uncertainty, firms 

reduce their credit demand due to delayed investments or a deterioration in their 

credit worthiness, while at the same time banks are more exposed to negative 

shocks to their balance sheet and thereby reduce credit supply. To isolate the 

uncertainty effect from the credit supply effect, we employ matched bank-firm 

loan data covering all loans extended by all financial intermediaries to the 

universe of listed firms in Korea, a bank-centered economy. Our empirical 

results reveal that a failure to control for credit supply leads to overestimation of 

the negative effect of uncertainty on bank loans. In addition, we find that the 

negative effect is stronger for relatively larger firms or financially unconstrained 

firms with low leverage or financial slack, once credit supply is controlled for. 

We confirm the same results in the analysis of firm investment, suggesting that 

high uncertainty may transmit to investment and bank loans mainly through the 

real options effects.

Keywords: Firm-level uncertainty, Bank loan, Investment

JEL Classification: D84, E22
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Ⅰ. Introduction

Since the outbreak of the Global Financial Crisis in 2008, heightened 

uncertainty has been associated with slowdown in corporate bank loans, 

coupled with stagnant or even fallen corporate investments, in many 

countries. Theoretically, this negative correlation between uncertainty and 

bank loans can be due to a decline in firms’ credit demand induced by 

the real options channel in which firms with non-convex adjustment costs 

postpone investment and hiring decisions when uncertainty increases 

(Bernanke, 1983; McDonald and Siegel, 1986; Dixit and Pindyck, 1994; 

Bloom, 2009). Or it can be attributable to a deterioration in firms’ 

overall credit worthiness, as implied by the financial channel in which 

higher uncertainty can increase firms’ default risk and their cost of 

external financing (Arellano et al., 2019; Christiano et al., 2014; Gilchrist 

et al., 2014).

However, empirically investigating the impact of uncertainty on 

corporate bank loans is challenging due to identification concerns because 

the negative correlation between uncertainty and corporate bank loans can 

also be affected by bank lending channel. For instance, typically in 

recessions or times of crises, firms face higher uncertainty (Bloom, 2014), 

and, at the same time, banks become more exposed to negative shocks to 

their balance sheet strength, thus unwilling to lend (Gertler and Kiyotaki, 

2010). That is, in times of high uncertainty, reductions in bank loans can 

be consequences of both a decline in firms’ credit demand or credit 

worthiness due to heightened uncertainty (firm balance sheet channel) 

and a decrease in banks’ willingness to lend (bank balance sheet channel).

In this paper, we seek to explore how uncertainty shocks affect bank 

loans. To this end, we estimate the impact of firm-level uncertainty on 

bank loans while addressing the identification challenges. The difficulty in 

isolating the uncertainty effect from the credit supply effect in the 

variations of bank loans mainly comes from a lack of loan-level data that 

links banks to firms. In order to tackle this issue, we use the credit 
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registry of Korea that contains a comprehensive, matched, bank-firm 

dataset covering all loans extended by all financial intermediaries to the 

universe of listed Korean non-financial firms including delisted and newly 

listed ones over the period from 2006 to 2015.1) Through the firm 

identification numbers in the credit registry, the bank-firm loan data can 

be matched with comprehensive firm balance sheet data, which is then 

used to control for other firm-side determinants of bank loans. Our loan 

measure is the total borrowing from a given bank in a year. We observe 

the amount of outstanding loans to firms identified by each bank as well 

as rich information on firms’ balance sheet. Our main firm-level 

uncertainty measure is the realized yearly volatility of stock returns, 

computed by the standard deviation of daily stock returns over the year 

(which typically spans 252 trading days).

We highlight that our analysis using Korean data is ideal for the study 

of uncertainty and its impact on bank loans in several ways. First, Korea’s 

financial system is dominated by banks and thereby even listed firms rely 

heavily on bank loans for external financing for investment. Korean firms’ 

dependence on bank financing is even greater than those in Japan and 

Germany. Furthermore, Korea’s economy is a highly liberalized small open 

economy with its firms differently exposed to numerous external shocks 

such as global interest rate and commodity price volatility, and 

geopolitical risk from North Korea’s nuclear threats. Such various 

exogenous sources of uncertainty provide us appropriate environment for 

investigating firms’ responses to firm-level variations in uncertainty.

With the firm-level uncertainty measure, matched bank-firm loan data 

and firm balance sheet data in hand, we follow the identification 

methodology in Khawaja and Mian (2008), who investigate the impact of 

bank liquidity shocks on credit supply to firms, controlling for 

1) Henceforth our definition of a “bank” covers all kinds of private and public financial intermediaries 
including private and government owned banks, foreign bank branches, saving banks, insurance 
companies, asset management companies, guarantee insurance companies and others. Also, our definition 
of “loan” covers all business loans and bond purchases by all financial institutions.
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firm-specific changes in credit demand.2) However, we depart from 

Khawaja and Mian (2008) in that we focus on banks’ loans to multiple 

firms facing different levels of uncertainty while they focus on firms’ 

borrowing from multiple banks differently exposed to liquidity shocks. 

Our bank-year fixed effects show how different banks change the quantity 

of loans extended to a given firm and thereby capture shocks to bank 

loan supply. Using bank-year fixed effects along with firm fixed effects 

and time-varying firm-side control variables, we compare the growth of 

loans from a bank that is extended to a firm relative to the growth of 

loans from the same bank to other firms facing higher uncertainty. As 

much as this within bank comparison fully absorbs bank-specific changes 

in credit supply, the estimated difference in loan growth across firms can 

be imputed to differences in the effects of firm-level uncertainty, 

controlling time-varying observed and unobserved bank heterogeneity with 

bank-year fixed effects.

Next, we attempt to uncover which one, between the real option 

channel and the financial channel, is more dominant as a transmission 

mechanism through which uncertainty shocks operate. To do so, we use 

the matched bank-loan data to control for bank credit supply effects and 

investigate whether the negative impact of uncertainty on bank loans 

exhibits heterogeneity across firms. The real options channel predicts that 

the negative effect of uncertainty on bank loans is stronger for firms with 

more irreversible investments since they have more incentive to delay 

investments and thus reduce more of their credit demand. In order to 

test this prediction, we exploit two different proxies for investment 

irreversibility as in Gulan and Ion (2015): the ratio of fixed to total assets 

and an indicator variable for whether the firm operates in a durables 

industry.

2) Related literature that uses Khwaza and Mian (2008) estimator to control for firm-specific credit demand 
includes Paravisini (2008), Ivashina and Scharfstein (2010), Schanbl (2012), Bercker and Ivashina (2016), 
among others. It mainly focuses on analyzing changes in credit supply to the same borrower by multiple 
banks with different balance sheet strength.
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The financial channel, on the other hand, predicts that the negative 

effect of uncertainty on bank loans is greater for less creditworthy and 

more financially constrained firms since uncertainty increases the default 

risk of these firms to a greater extent and thereby raises their costs of 

external financing more. We use three different proxies for firm credit 

worthiness and financing constraints: leverage (the ratio of total liabilities 

to total assets), an indicator variable for firm size (large versus small and 

medium sized firms) and credit line drawdown ratio (the ratio of utilized 

loan commitments to total loan commitments granted). First, firm 

leverage is positively correlated with credit risk (Merton, 1974; Campbell, 

2008), and has been used as a proxy for financing constraints in the 

related literature. Second, small firms are likely to be more financially 

constrained and less creditworthy (Hadlock and Pierce, 2010). Lastly, the 

credit line drawdown ratio directly measures firms’ financial slackness, with 

its lower value indicating that the firm has relatively larger amount of 

loan commitments from banks that can readily be tapped at its discretion. 

Thus, we use this ratio as a measure of financing constraints.

Interestingly, real options literature makes the opposite prediction on 

the effect of uncertainty for high leveraged and financially constrained 

firms to that made by the financial channel. Boyle and Guthrie (2003) 

analyze the optimal timing of investment decision subject to financing 

constraints and argue that a high leveraged firm faces a higher likelihood 

of experiencing the threat of future funding shortfalls. Therefore, higher 

leverage lowers the value of the firm’s timing options and encourages 

acceleration of investment. This suggests that a high leveraged firm may 

be less affected by uncertainty shocks. With mixed theoretical predictions 

of uncertainty effects for financially constrained and high leveraged firms, 

we attempt to address this question empirically. In order to identify the 

dominant mechanism through which firm-level uncertainty shocks operate, 

we interact the firm-level uncertainty measure with the five proxies for 

firm characteristics separately in the estimation of loan equations.

So far, the underlying assumption of our identification to find the 
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dominant transmission channel is that the effects of uncertainty on bank 

loans are driven by firms’ investment incentives. To confirm whether this 

assumption is indeed valid, we also estimate the impact of uncertainty on 

firms’ capital expenditures exploiting the same sample of firms in the 

analysis of bank loans. Furthermore, to be robust in the identification of 

the dominant channel, we examine whether the negative impact of 

uncertainty on firms’ investment exhibits heterogeneity across firms in the 

same way as its differential effects on firms’ bank loans.

Our main findings are as below. First, we find that higher firm-level 

uncertainty leads to a reduction in bank loans, but the magnitude of its 

negative effect is underestimated without controlling for bank specific 

credit supply. Using bank-year fixed effects, bank-firm fixed effects and 

time-varying firm-side determinants of bank loans, our within-bank 

comparison shows that one percent increase in the realized volatility 

uncertainty leads to a 0.097 percent decline in bank loans. If we only use 

time fixed effects and firm fixed effects without controlling for 

bank-specific credit supply, one percent increase in the realized volatility 

uncertainty leads to a 1.541 percent decline in bank loans. The 

comparison between the two estimates reveals that the negative effect of 

uncertainty on bank loans can be overestimated without controlling bank 

specific credit supply, indicating that firm-level uncertainty is negatively 

correlated with bank credit supply.

Second, we find robust evidence that high uncertainty reduces firms’ 

incentive to invest and therefore decreases bank loans mainly through the 

real options channel. The negative impact of uncertainty shocks on bank 

loans is stronger for firms that have a higher degree of investment 

irreversibility: firms with a higher ratio of fixed to total assets, and firms 

that operate in a durables industry. In addition, higher uncertainty 

diminishes the bank loans even more for the firms that are likely to be 

more creditworthy and financially unconstrained: lower leveraged and 

large firms, and firms with the lower credit line drawdown ratio. These 

results are consistent with the implications of the real options literature as 
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in Boyle and Guthrie (2003) and Wong (2010). With bank specific supply 

shocks controlled for, we cannot find sufficient evidence of the strong 

financial channel through which uncertainty affects bank loans. We 

recognize that using the matched bank-firm loan data is important for 

identifying the dominant transmission channel. A naïve estimation without 

accounting for bank credit supply shocks may result in estimation biases 

that lead us to reach inappropriate conclusions qualitatively.

We also confirm the same results for firms’ investment. The negative 

effect of uncertainty is stronger for firms facing a higher degree of 

investment irreversibility, and more credit worthy firms.

In our robustness exercises, all our findings are robust to replacing the 

levels of the realized volatility with the growth of the realized volatility as 

a measure of uncertainty shocks or to limiting our sample to loans from 

private banks.

Our paper is related to several strands of literature on uncertainty. 

Uncertainty as a source of business cycle has been empirically investigated 

in various contexts at the aggregate level and the firm level.3) However, 

existing literature on the relation between uncertainty and bank loans is 

very few, and has focused on the impacts of macroeconomic (Valencia, 

2017), policy (Bordo, Duca, and Koch, 2016) and banking sector (Buch et 

al., 2015) uncertainty on bank credit supply using bank-level data. To the 

best of our knowledge, this paper is the first attempt to identify the 

effect of uncertainty on bank loans using a comprehensive, matched, 

bank-firm loan data, which allows us to control for bank-specific credit 

supply. Considering that banks may differ in exposure to shocks which 

are simultaneously correlated with high uncertainty, it is important to 

control for bank-specific credit supply to obtain unbiased estimates on the 

uncertainty induced effects. In this regard, Amiti and Weinstein (2018) 

3) A large body of empirical literature has investigated the impacts of aggregate uncertainty on macroeconomic 
activities, such as investment, employment, consumption and capital flows (See, for example, Bloom, 2009; 
Jurado, Ludvigson and Ng (2015); Basu and Bundick (2017); Julio and Yook, 2016). The literature on how 
firm-level uncertainty affects investment and employment includes Leahy and Whited (1996), Bloom et al. 
(2007), and Panousi and Papanikolau (2012), among many. 
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illuminate the importance of the bank specific credit supply shocks as a 

driving force of banking and real activity, by showing that they explain 

30-40 percent of aggregate loan and investment fluctuations in Japan, a 

bank-centered economy like Korea.

This paper is also related to the empirical literature on the 

transmission channels through which uncertainty affects corporate 

investment and financing decisions. Gulen and Ion (2016) and Kim and 

Kung (2017) tested the predictions of the real options channel by 

investigating cross sectional heterogeneity in the negative effect of policy 

and aggregate uncertainty on corporate investment depending on the 

degree of investment irreversibility. They found evidence in support of 

the real options channel but did not investigate the role of the financial 

channel. More recently, Alfaro, Bloom, and Lin (2018), both theoretically 

and empirically, investigate the effect of firm-level uncertainty on firms’ 

real and financial activities. Their empirical results show that higher 

uncertainty reduces corporate investment and debt, with these effects 

being the strongest in periods of financial distress and for financially 

constrained firms. Their results suggest that the real options effect of 

uncertainty can be amplified through financial frictions especially in crisis 

times. Our study is similar to Alfaro, Bloom, and Lin (2018) in that both 

study the impact of higher firm-level uncertainty on corporate real and 

financial activity. However, our work departs from them in several ways. 

First, we explicitly control for credit supply shocks using the matched 

bank-firm loan data to address the identification issues in investigating 

the impact of higher uncertainty on corporate bank loans. Second, in 

terms of empirical results, we find little evidence in support of the 

financial channel with credit supply shocks accounted for. The negative 

impact of high uncertainty on corporate bank loans and investment is 

stronger for more credit worthy firms, and financially unconstrained firms 

with financial slack. These results are consistent of those in Baum et al. 

(2010) which study the impact of debt on a panel of US firms’ 

investment. They find that the negative impact of higher firm-level 
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uncertainty on investment is stronger for less leveraged firms.

The remainder of the paper is organized as follows. Section 2 

illustrates empirical strategy. Section 3 describes data. Section 4 presents 

main and robustness results and Section 5 concludes.

Ⅱ. Empirical Framework

1. Baseline Estimation

The effect of uncertainty on bank loans is estimated by

where ln    is loan amount of bank  to firm   at time  

expressed as a natural logarithm, ln   is natural log of firm-specific 

uncertainty index,  is bank-time fixed effect,  is firm-bank fixed 

effect, and ′   is a vector of controls.

All variables in   are in levels and one period lagged to account 

for simultaneity. We note that the realized volatility uncertainty measure 

can be affected by changes in bank loans. However, endogeneity can be 

partly resolved because these two variables are measured at different levels 

and individual bank’s lending cannot drive changes in firm level 

uncertainty. The volatility measure of uncertainty is included in levels 

following the literature. 

Bank-time fixed effect absorbs time variant bank-specific credit supply 

shocks and aggregate shocks at the same time, thereby isolating credit 

demand shocks, which is expected to provide more reliable estimates of 

the impact of uncertainty in the credit demand side. Our data structure – 

ln       ln   ′       (1)

 



   

 
   

   




 (2)
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loans extended to a firm from multiple banks – allows us to include 

bank-time fixed effects that can control for any time-varying unobserved 

aggregate shocks in general as well as bank-specific supply shocks. 

Regressions are all weighted-least square, where weights are equal to the 

natural logarithm of the loan. Standard errors are all double clustered at 

the firm and year levels.

To investigate different transmission channels of uncertainty shocks, we 

include an interaction term of firm-specific uncertainty and time-invariant 

firm characteristics.

where  is the value of firm specific characteristics. With bank credit 

supply controlled, the estimated   enables us to test whether the effect 

of uncertainty shocks exhibit heterogeneity across firms. We consider 

various firm specific characteristics that explain dominant channels 

through which uncertainty affects firms’ bank loan demand.

The sensibility of firms’ investment and demand for lending may 

depend on the cost of reversing their investment decisions. Gulen and 

Ion (2015) and Kim and Kung (2016) find the evidence that the negative 

effect of uncertainty shocks on capital expenditures is strong for firms 

that have a higher degree of investment irreversibility. To test this 

hypothesis, we use two proxies for investment irreversibility: capital 

intensity and product durability. To measure capital intensity, we use the 

ratio of fixed to total assets since investment projects that require 

significant amount of fixed assets, such as property, plant, and equipment, 

are costly to revert. Also, firms may want to liquidate their fixed assets in 

times of difficulties and firms’ asset liquidation value depends on the 

cyclicality of the industry they operate. Generally, the cyclicality of 

industry tends to be greater for firms that produce durable goods. 

Therefore, we use a dummy variable indicating whether a firm produced 

durable goods to capture firms’ investment irreversibility.

ln   ln  × ln   ′  (3)
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Firms’ financing conditions are also crucial factors for how uncertainty 

shocks transmit to firms’ loan demand. Literature shows mixed views on 

how financial conditions affect the degree of uncertainty effects on firms’ 

decision. In the model highlighting risk premium effects, higher 

uncertainty can increase firms’ risk of financial distress and their cost of 

external financing, which leads to a decline in corporate credit (Arellano 

et al., 2019; Christiano et al., 2014; Gilchrist et al., 2014). On the 

contrary, the real option theories literature, such as Boyle and Guthrie 

(2003), predicts that firms with higher financing constraints are less 

influenced by uncertainty shocks. They analyze the optimal timing of 

investment decision subject to financing constraints. They suppose a firm 

owns the right to several investment projects and has the option to invest 

in the projects at any time. A financing constraint means a higher 

likelihood of experiencing the threat of future funding shortfalls. 

Therefore, it lowers the value of the firm’s timing options and encourages 

acceleration of investment beyond the first best optimal level 

(now-or-never investments). If a firm with insufficient financial resources 

has several investment projects, investing now for a new project increases 

the likelihood of being able to subsequently launch the other. Therefore, 

a firm with binding financial constraints may be less affected by 

firm-specific uncertainty shocks.

In order to test the effect of financing constraints and firms credit 

worthiness, we use three variables: leverage (the ratio of total liabilities to 

total assets), an indicator variable for firm size (large versus small and 

medium sized firms) and credit line drawdown ratio (the ratio of utilized 

loan commitments to total loan commitments granted). First, we examine 

how leverage affects the degree of uncertainty effects on bank loans. It is 

well understood that high level of debts may discourage firms’ investment 

and lending activities even more when uncertainty is higher than normal 

times. Among many studies, Byun and Jo (2018) find that the negative 

impact of aggregate uncertainty shocks on firms’ capital expenditures is 

stronger for highly leveraged firms. There is other theoretical literature 
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(for instance, Boyle and Guthrie, 2003 and Wong, 2010) that examines 

the role of firm leverage on the uncertainty effect. They argue that 

highly leveraged firms facing profitable investment opportunities have less 

incentives to wait and see in times of high uncertainty since they might 

not be able to obtain external financing in the future. Indeed, Baum et 

al. (2010) find the empirical evidence of either stimulating or mitigating 

effects of leverage by investigating the impact of debt on a panel of U.S. 

manufacturing firms’ capital investment behavior.

Second, firm size can also be a proxy for financial constraints that a 

firm may experience during the bad times. Larger firms may have easier 

access to external finance even when uncertainty around the future 

economic outlook is high. Existing literature provide evidence of 

differential effects of uncertainty shocks depending on the firm size. 

Ghosal and Loungani (2000) show that the negative impact of (aggregate) 

uncertainty on investment is greater for smaller firms. They explain this 

result by the financing-constraints hypothesis: greater uncertainty about 

future profits increase the information asymmetry between borrowers and 

lenders, especially for smaller firms. Therefore, the premium on external 

funds increases more for small firms and consequently they are more 

financially constrained. Byun and Jo (2018) find that the firm size and 

the degree of uncertainty effects have a nonlinear relationship where 

small and large firms have stronger negative effects of uncertainty than 

medium sized firms.

Third, we utilize credit drawdown ratio to examine heterogeneity of 

uncertainty effects depending on financial slackness. Credit line is a 

contract between a financial institution and a borrower that establishes the 

maximum amount of loan that can readily be tapped at the borrower’s 

discretion. A drop in a firm’s credit line drawdown (or usage) ratio 

suggests a decrease in the firm’s credit demand, not a decrease in the 

bank’s credit supply because the firm has the opportunity to borrow up 

to the maximum level laid out in the contract but decides to borrow less. 

Therefore, a lower credit line drawdown ratio is associated with decreased 
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loan demands by a firm. A positive sign for a coefficient on the 

interaction between credit line usage ratio and firm-level uncertainty 

implies that the negative effect of uncertainty shock is stronger for the 

firms that have lower level of credit line drawdown ratio. That is, the 

positive sign for the coefficient can be interpreted as evidence that the 

real option channel dominates the bank.

Similarly, we estimate investment regressions as follows.

                  

where    is investment,      is firm’s asset lagged by one 

period.  is firm fixed effect,   is time fixed effect, ln    is natural 

log of firm-specific uncertainty index, and ′   is a vector of controls. 

The controls are Tobin’s Q, cash flow rate, and ROA. All variables are in 

levels.

We consider firm characteristics to examine real option channel of 

uncertainty in investment.

where  is the value of firm specific characteristics as in the loan 

regressions.

2. Robustness

This section explains additional robustness exercises. First, we 

examine whether the results are robust to the use of growth rates in 

our estimation instead of levels. Additionally, we investigate whether 

the results are robust to the type of banks, government-owned or 

private banks.

  

 
     ln     ′     (4)

  

 
     ln      × ln    ′     (5)
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Ⅲ. Data

Our matched firm-bank loan data comes from the Korea Enterprise 

Data (KED). KED is a leading provider of business credit reports of 

Korean businesses, specializing in credit information of small and medium 

sized enterprises in addition to the large corporations. It offers standard 

Business Information Reports, credit check reports, and compact reports. 

The contents of Business Information Reports are business profile, 

statutory information, historical and current credit rating, major suppliers 

and customers, banking relations, financial statements and key financial 

ratios. KED uses various sources of information: Korea Federation of 

Banks, Office of National Taxation, Registry Office, Financial Supervisory 

Service, Newspapers, and on-site investigation.4) 

KED has access to the public credit register of Korea, which contains 

exclusive information on all business loans, guarantees and bond 

purchases by all financial institutions operating in Korea. The data 

includes the history of each loan with information on the amount of loan 

outstanding, maturity and type of loan and default amount from 2006 to 

2015. The scope of our data at the firm-level is limited to Korea’s 

non-financial listed firms only as our objective is to estimate the 

uncertainty effect on non-financial firms’ bank credit demand and 

investment decisions. We have annual data on 96,009 loans to 2,175 

non-financial listed firms from 563 financial institutions.

Our firm balance sheet data comes from KISVALUE database managed 

by the Korea Investors Service, Korean credit rating agency affiliated with 

Moody’s. This database contains balance sheet and stock market 

information on all listed firms including those delisted operating in 

Korea. We match the firm balance sheet data in KISVALUE to the loan 

4) KED was established in 2005 as a licensed credit bureau with investments from various public institutions 
and banks. In 2012, KED was privatized through expanding the private bank equity participation. Current 
shareholders include Korea Credit Guarantee Fund, Korea Technology Finance Corporation, Industrial 
Bank of Korea, Korea Federation of Banks and Korea SMEs and Startups Agency. KED has the largest 
credit database on small and medium sized in Korea. 
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data by the firms’ business registration.

Our bank balance sheet data comes from on the Financial Analysis 

Information Retrieval System (FAIRS) of the Bank of Korea, central bank 

of Korea. FAIRS is a system created to help the Bank of Korea and the 

Financial Supervisory Service share financial supervisory data. It has 

balance sheet information for all financial institutions operating in Korea. 

We match this data to the loan data by the financial institutions’ names. 

In case of mergers and acquisitions between firms, we treat the firms 

before and after as different entities.

Our measure of firm-level uncertainty is the realized volatility of firms’ 

stock returns (VU, henceforth). The yearly realized volatility is computed 

using the following formula.5)

   

where  
      ,  is the first difference of a firm 

 ’s daily returns, ,  is the number of days intervening.   indicates 

frequency of data, taking the values of day (), month () and quarter 

(), respectively.

We present summary statistics in Table 1. Panel A shows the 
statistics of loan-level data and Panel B those of firm-level data. In 
Panel A, the total number of observations of loan data is 96,009. In 
Panel B, the total number of observations of investment ratio is 16,758.

5) We also consider an alternative measure, 
 = 

  
, the average of the monthly realized 

volatility of stock returns, while our main analysis focuses on VU. We find the change of uncertainty 

measures does not affect outcomes substantially. The results using VU2 are available upon request.

  
 (6)
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Panel B. Firm-level

Variables Obs. Mean Median SD p25 p75

Inv rate 16,758 0.046 0.014 0.083 0.001 0.051 

VU 13,440 0.016 0.014 0.011 0.011 0.019 

CF rate 13,758 0.084 0.072 0.129 0.022 0.137 

Tobin’s Q 12,053 1.319 1.057 0.922 0.814 1.484 

ROA 12,758 0.050 0.042 0.122 0.002 0.096 

Lev ratio 11,713 0.441 0.432 0.226 0.265 0.589 

Crline use ratio 10,823 0.372 0.322 0.431 0.079 0.596 

Notes: Loans in Panel A is identified up to firm-bank-year level whereas loans in Panel B is the average 
amount of loans across banks. Investment ratio denotes the ratio of the investment of current year to 
the asset value lagged by one year. VU is the realized volatility uncertainty measure, computed by the 
standard deviation of daily stock returns over the year. Cash flow denotes the ratio of cash flows to 
the total assets, both lagged by one year. Tobin’s Q is computed by the ratio of equity market value 
to total assets (book value) minus fixed assets (book value) plus real fixed assets (re-evaluation value). 
ROA is the return on assets.

Table 1. Descriptive Statistics

Panel A. Loan-level

Variables Obs. Mean Median SD p25 p75

Loan 96,009 24,840 2,000 120,170 16 17,046 

VU 96,888 0.015 0.013 0.009 0.010 0.018 

CF rate 83,698 0.191 0.071 11.998 0.028 0.128 

Tobin’s Q 88,404 1.291 1.051 1.401 0.838 1.404 

ROA 85,953 0.097 0.040 6.208 0.005 0.084 

Lev ratio 67,112 0.516 0.517 0.273 0.363 0.643 

Crline use ratio 53,262 42.550 23.842 1,006.174 0.000 71.932 
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Ⅳ. Results

1. Baseline results

1.1 Loan

Table 2 reports the results from our baseline estimation for loan-level 

data. The sample covers total 96,009 loans that have the volatility 

uncertainty index available. While Columns (1) and (2) present the results 

from the specification that includes both bank-year and firm-bank fixed 

effects, Columns (3) to (5) contain the estimation results with either of 

　Table 2. The Effect of Uncertainty on Loans
(1) (2) (3) (4) (5)

VU -0.0852***
(0.0248)

-0.0975***
(0.0278)

-1.541***
(0.0667)

-0.785***
(0.0427)

-0.0930***
(0.0272)

Cash Flow -0.281***
(0.0694)

-0.807***
(0.194)

-0.209**
(0.101)

-0.262***
(0.0688)

Tobin’s Q 0.0480***
(0.0114)

0.104***
(0.0248)

0.0856***
(0.0160)

0.0443***
(0.0113)

ROA 0.312***
(0.0626)

0.667***
(0.208)

0.116***
(0.0216)

0.296***
(0.0618)

Constant 7.775***
(0.107)

7.832***
(0.123)

1.631***
(0.287)

4.818***
(0.186)

7.854***
(0.120)

Observations 82,802 63,647 63,647 63,647 63,647

R-squared 0.858 0.864 0.044 0.453 0.859

Firm FE No No Yes Yes Yes

Time FE No No Yes Yes Yes

Bank-Time FE Yes Yes No Yes No

Firm-Bank FE Yes Yes No No Yes

Notes: This table reports regression results of annual firm-bank level loan as expressed in natural logarithm on 
one year lagged volatility as expressed in natural logarithm and a set of firm-level controls. Firm-level 
controls include Tobin’s Q, cash flow as a share of total asset, and ROA. The sample period is annual 
from 2006 to 2015. Column (1) and (2) include bank-year and firm-bank fixed effects while Column (3) 
to (5) contains firm and year fixed effect terms. We do not report the coefficients and standard errors 
on fixed effect terms in order to save space. Firm-level uncertainty measure is the annual realized 
volatility of firms’ stock returns. Statistical significance: *** p < 0.01, ** p < 0.05, * p < 0.1, y p < 0.15. 
We use weighted least squares with weights equal to natural logarithm of loans. Standard errors are 
clustered at the firm and year levels and are reported in parentheses. See section 2 for data details.
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them or dual fixed effect terms. We utilize the bank-year fixed effect to 

control for time-varying supply shocks driven by banking sector and 

thereby to better disentangle the demand and supply-side shocks in a 

setting of a firm with borrowings from multiple banks. This effect also 

removes need for aggregate controls. The firm-bank fixed effect could 

capture time-invariant relationship between a firm and a bank.

Most importantly, we find that loan is reduced in response to higher 

firm-level uncertainty at statistically significant level regardless of 

whether the bank-year fixed effects are included. The estimation 

results without bank-year FEs in Column (2) to (4) show that the 

coefficients on the firm-level uncertainty are negative and relatively 

larger than those with bank-year FEs in Columns (1) and (5). This 

result suggests that failure to take proper account of matched 

bank-firm relationship may lead to biased estimation results. That is, 

unless the bank-lending shocks are relevantly controlled, the 

coefficients may be underestimated.6) 

Meanwhile, the regressors such as Tobin’s Q and ROA are positively 

associated with the loan while the coefficients on the cash flows as a 

share of total asset are significant and negative.

We now turn to including in the baseline specification the firm-specific 

variables in the form of interaction terms. First, we choose to use proxies 

of investment irreversibility in order to investigate how much the effect of 

firm-level uncertainty on loans depends on investment irreversibility. 

Investment irreversibility is proxied by two measures: the means of the 

ratio of fixed assets (Property, Plant and Equipment, hereafter “PPE”) to 

total assets, and a dummy for whether a firm produces “durable” goods 

(hereafter “durables). Columns (1)-(2) of Table 3 show that neither of the 

coefficients on volatility uncertainty interacted with PPE and durable 

6) The underestimation of the coefficients on the firm-level uncertainty without controlling for the bank-time 
fixed effect terms inarguably appears to be attributable to the fact that financial shocks are negatively 
correlated with the uncertainty. This result is broadly consistent with previous studies (Most recently, IMF 
(2019)) which showed that the financial cycles are negatively correlated with the real cycles in the case of 
Korea.
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industries are, albeit of negative signs, statistically significant. These results 

cannot find enough evidence that higher investment irreversibility is 

closely related to a more pronounced response to firm-specific uncertainty.

Column (3) reports the dependence of uncertainty effect on firm size 

by adding interactive terms of uncertainty and five quintiles by firm sizes. 

This result shows that the coefficients on the interactive terms of higher 

quintile have larger negative values. This is interpreted as evidence 

supporting presence of the real option channel, given that the larger the 

firm is, the highly responsive it is to the firm-level uncertainty shock.

Meanwhile, Column (4) shows that firms with higher leverage ratio are 

less affected by firm-specific uncertainty, which is consistent with Baum et 

al. (2010). These estimation results which use the interaction terms 

consistently confirm that the real option channel predominates in 

accounting for the channel through which the firm-level uncertainty 

shocks affect its lending.

In order to test for presence of the risk premium channel, we, in 

turn, include a ratio of actual usage to the credit line which is assigned 

to a firm interacted with the uncertainty. As a result, it is found that 

firms with more usage of its credit line are less responsive to changes in 

firm-level uncertainty, suggesting that the real option channel rather than 

risk premium channel appears predominant in Korea. That is, these 

results suggest that drops in lending in response to a spike in firm-level 

uncertainty may be attributable to the fact that firms do not choose to 

borrow rather than banks refuse to lend.
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Table 3. Heterogeneity in the Effect of Uncertainty on Loans

(1) (2) (3) (4) (5) (6)

VU -0.0761***
(0.0293)

-0.0945***
(0.0378)

0.0810**
(0.0309)

-0.143***
(0.0335)

-0.112***
(0.0438)

-0.102***
(0.0315)

VU x PPE -0.0766***
(0.0262)

VU x Durables -0.00619
(0.0473)

VU x 2nd FS Quintile -0.0898*** 
(0.0116)

VU x 3rd FS Quintile -0.151*** 
(0.0144)

VU x 4th FS Quintile -0.223*** 
(0.0180)

VU x 5th FS Quintile -0.263*** 
(0.0258)

Leverage ratio 0.637*** 
(0.173)

VU x Leverage ratio 0.0809*** 
(0.0270)

Credit line -0.00592
(0.0019)

VU x Credit line 0.00284*** 
(0.00017)

VU x Crisis 0.0247
(0.0425)

Cash flow -0.304***
(0.0724)

-0.281***
(0.0694)

-0.184***
(0.0672)

-0.383*
(0.215)

-0.476
(0.715)

-0.353**
(0.166)

Tobin’s Q 0.0514***
(0.0119)

0.0480***
(0.0114)

0.0321***
(0.0110)

0.0518***
(0.0165)

0.0437**
(0.0197)

0.0453***
(0.0132)

ROA 0.338***
(0.0656)

0.312***
(0.0627)

0.215***
(0.0606)

0.412*
(0.211)

0.361
(0.733)

0.386***
(0.162)

Constant 8.041***
(0.126)

7.832***
(0.122)

7.854***
(0.122)

7.677***
(0.161)

8.567***
(0.195)

7.857***
(0.126)

Observations 63,647 63,647 63,647 55,802 44,254 63,647

R-squared 0.861 0.864 0.864 0.867 0.744 0.865

Firm FE No No No No No No

Time FE No No No No No No

Bank-Time FE Yes Yes Yes Yes Yes Yes

Firm-Bank FE Yes Yes Yes Yes Yes Yes

Notes: This table reports regression results of annual firm-bank level loan as expressed in natural logarithm 
on one year lagged volatility as expressed in natural logarithm and a set of firm-level controls. 
Firm-level controls include Tobin’s Q, cash flow as a share of total asset, and ROA. The sample period 
is annual from 2006 to 2015. Column (1) through (6) includes bank-year and firm-bank fixed effects. 
We do not report the coefficients and standard errors on fixed effect terms in order to save space. 
Firm-level uncertainty measure is the annual realized volatility of firms’ stock returns. Statistical 
significance: *** p < 0.01, ** p < 0.05, * p < 0.1, y p < 0.15. We use weighted least squares with 
weights equal to natural logarithm of loans. Standard errors are clustered at the firm and year levels 
and are reported in parentheses. See section 2 for data details.
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1.2 Investment

We attempt to quantify the effect of firm-specific uncertainty shocks on 

its investment by adopting a standard Tobin’s Q model. Table 4 reports 

the baseline results. They confirm that the firm-level uncertainty has 

negative impacts on investment, supporting widespread belief that a hike 

in uncertainty may lead to drops in corporate investment and further to 

weaker activity. In Table 5, we furthermore find that firms with high 

degree of investment irreversibility react more strongly to firm-level 

uncertainty shocks. In Column (3) and (4) of the same table, we also find 

that firms that are larger in size or less leveraged are more affected by 

the shocks, which is in line with the estimation results of lending. Finally, 

in Column (5), we analyze the responsiveness of the coefficients of our 

Table 4. The Effect of Uncertainty on Investment

(1) (2)

VU -0.00372* 
(0.00202)

-0.00279*** 
(0.00086) 

Cash flow 0.00565*** 
(0.00144)

Tobin’s Q -0.0993** 
(0.0460)

ROA 0.150*** 
(0.0470) 

Constant 0.0294***
(0.00895)

0.0202**
(0.00801)

Observations 13,440 12,018

R-squared 0.074 0.083

Number of fid 1,917 1,881

Time FE Yes Yes

Firm FE Yes Yes

Notes: This table reports regression results of annual firm-level investment rate on one year lagged volatility as 
expressed in natural logarithm and a set of firm-level controls. The investment rate is the ratio of current 
investment to firm’s asset lagged by one period. These specifications include year and firm fixed effect 
terms and firm-level controls such as Tobin’s Q, cash flow as a share of total asset, and ROA. We do 
not report the coefficients and standard errors on fixed effect terms in order to save space. The sample 
period is annual from 2006 to 2015. Firm-level uncertainty measure is the annual realized volatility of 
firms’ stock returns. Standard errors are clustered at the firm level and are reported in parentheses. 
Statistical significance: *** p < 0.01, ** p < 0.05, * p < 0.1, y p < 0.15. See section 2 for data details.
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Table 5. Heterogeneity in the Effect of Uncertainty on Investment

(1) (2) (3) (4) (5) (6)

VU -0.00300*
(0.00162)

-0.00168*
(0.00095)

-0.00305
(0.00186)

-0.00554***
(0.00192)

-0.00349**
(0.00167)

-0.00237*
(0.00126)

VU x Durables 0.00348
(0.00358)

VU x PPE -0.0180***
(0.00226)

VU x 2nd FS Quintile 0.00909*** 
(0.00328)

VU x 3rd FS Quintile -0.00415
(0.00402)

VU x 4th FS Quintile -0.00962** 
(0.00389)

VU x 5th FS Quintile -0.00758* 
(0.00391)

Leverage ratio -0.0564*** 
(0.00968) 

VU x Leverage ratio 0.00734*** 
(0.00159)

Credit line -0.00466
(0.00314)

VU x Credit line 0.00157** 
(0.000726)

VU x Crisis -0.00780*
(0.00434)

Cash flow 0.00549***
(0.00133)

0.00440***
(0.00139)

0.00483***
(0.00142)

0.00612***
(0.00146)

0.00550***
(0.00169)

0.00541***
(0.00132)

Tobin’s Q -0.0931**
(0.0448)

-0.0393
(0.0399)

-0.0895*
(0.0458)

-0.0818*
(0.0467)

-0.133*
(0.0679)

-0.0957**
(0.0444)

ROA 0.142***
(0.0453)

0.0864**
(0.0391)

0.135***
(0.0466)

0.129***
(0.0476)

0.192***
(0.0675)

0.145***
(0.0449)

Constant 0.0204**
(0.00855)

0.0471***
(0.0103)

0.0134
(0.0196)

0.0414***
(0.00953)

0.0227**
(0.00967)

0.0134*
(0.00660)

Observations 12,018 12,018 12,018 12,018 9,812 12,018

R-squared 0.085 0.105 0.086 0.092 0.100 0.085

Number of fid 1,903 1,881 1,881 1,879 1,690 1,903

Time FE Yes Yes Yes Yes Yes Yes

Firm FE Yes Yes Yes Yes Yes Yes

Notes: This table reports regression results of annual firm-level investment rate on one year lagged volatility as 
expressed in natural logarithm and a set of firm-level controls. The investment rate is the ratio of current 
investment to firm’s asset lagged by one period. These specifications include year and firm fixed effect 
terms and firm-level controls such as Tobin’s Q, cash flow as a share of total asset, and ROA. We do not 
report the coefficients and standard errors on fixed effect terms in order to save space. The sample 
period is annual from 2006 to 2015. Firm-level uncertainty measure is the annual realized volatility of 
firms’ stock returns. Standard errors are clustered at the firm level and are reported in parentheses. 
Statistical significance: *** p < 0.01, ** p < 0.05, * p < 0.1, y p < 0.15. See section 2 for data details.
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interest on the degree of usage of credit line. As a result, firms with 

higher degree of credit line usage are more likely to be less affected by 

the uncertainty shock, which is also consistent with the results above.

2. Robustness

2.1 Substituting the growth of uncertainty measures for the levels

In the baseline specification, we use the variables of main interest in 

the form of level. In this setting, we replace the variables in level by 

their growth. Following the methodology used in Alfaro, Bloom and Lin 

(2018), we define the growth of uncertainty as7)

     

    

These values yield growth rates which range between -2 and 2. 

The estimation results displayed in Tables 6 to 7 are broadly in line 

with those in the baseline estimation. In particular, the negative 

coefficient estimates in the Column (1) and (2) are more different 

from those without bank-year fixed effect term in Column (3) to (4), 

confirming that the triple panel estimation plays a crucial and more 

efficient role in accounting for the dynamics of the matched loan data. 

The magnitudes of the coefficients on the uncertainty growth, 

nevertheless, are estimated to be smaller than those on the level of 

uncertainty. Most interestingly, the coefficient on the uncertainty 

growth which contains the bank-year fixed effect terms is notably 

larger than those which do not, which is in line with the result of 

baseline estimation and reinforces the finding above that the triple 

7) This definition of growth rate is applied in Alfaro, Bloom and Lin (2018). It enables us to avoid losing 
observations by log transformation. The growth rate is symmetric around zero and ranges from -2 to 2. See 
Davis and Haltiwanger (1992) for further explanation. 



23 BOK Working Paper No. 2019-25

panel specification provides much unbiased estimates. In turn, Table 7 

also exhibits the results broadly consistent with those in the baseline 

estimation. The interaction term of the volatility growth with “PPE”, 

however, shows a negative causal relationship with the loan growth 

while that with the indicators of the durables industries is still not 

statistically significant. This result conflicts with those in the baseline 

specification and presents possibility, albeit weak, in favor of relatively 

　Table 6. The Effect of Uncertainty on Loans (differenced)

(1) (2) (3) (4) (5)

VU -0.0214** -0.0320*** -0.0425*** -0.0414*** -0.0343***

(0.0103) (0.0120) (0.0108) (0.0108) (0.0117)

Cash Flow -0.0899** -0.0754** -0.0838** -0.0909**

(0.0406) (0.0317) (0.0324) (0.0395)

Tobin’s Q 0.0159** 0.0135*** 0.0153*** 0.0160**

(0.0066) (0.0052) (0.0053) (0.0065)

ROA 0.0213 0.0136 0.0193 0.0221

(0.0391) (0.0305) (0.0329) (0.0380)

Constant -0.0696*** -0.0697*** -0.0823*** -0.0815*** -0.0708***

(0.0036) (0.0042) (0.0040) (0.0039) (0.0042)

Observations 81,314 62,829 62,829 62,829 62,829

R-squared 0.188 0.193 0.005 0.054 0.167

Firm FE No No Yes Yes Yes

Time FE No No Yes Yes Yes

Bank-Time FE Yes Yes No Yes No

Firm-Bank FE Yes Yes No No Yes

Notes: This table reports regression results of the annual growth rate of firm-bank level loan on one year 
lagged volatility growth and a set of firm-level controls. Firm-level controls include the growth rates of 
Tobin’s Q, cash flow as a share of total asset, and ROA. The sample period is annual from 2006 to 
2015. Column (1) and (2) include bank-year and firm-bank fixed effects while Column (3) and (4) 
contain firm and year fixed effect terms. We do not report the coefficients and standard errors on 
fixed effect terms in order to save space. Firm-level uncertainty measure is the annual realized volatility
of firms’ stock returns. Statistical significance: *** p < 0.01, ** p < 0.05, * p < 0.1, y p < 0.15. We use 
weighted least squares with weights equal to natural logarithm of loans. Standard errors are clustered 
at the firm and year levels and are reported in parentheses. See section 2 for data details.



Uncertainty, Credit and Investment: Evidence from Firm-Bank Matched Data 24

Table 7. Heterogeneity in the Effect of Uncertainty on Loans (differenced)

(1) (2) (3) (4) (5) (6)

VU -0.0347**
(0.0142)

-0.0328**
(0.0140)

-0.0365***
(0.0141)

-0.0252*
(0.0138)

-0.0465**
(0.0219)

-0.0428***
(0.0136)

VU x PPE -0.0713* 
(0.0396)

VU x Durables -0.00976
(0.0184)

VU x 2nd FS Quintile -0.0167
(0.0280)

VU x 3rd FS Quintile -0.0032
(0.0280)

VU x 4th FS Quintile -0.0576** 
(0.0290)

VU x 5th FS Quintile -0.0574 
(0.0459)

Leverage ratio -0.190*** 
(0.0630)

VU x Leverage ratio
 

0.248**
(0.1000)

Credit line -0.0028**
(0.0014)

VU x Credit line 0.0015** 
(0.0008)

VU x Crisis 0.0531*
(0.0313)

Cash flow -0.0918***
(0.0201)

-0.0711***
(0.0119)

-0.0679***
(0.0177)

-0.0770*
(0.0435)

-0.0259**
(0.0109)

-0.0896**
(0.0405)

Tobin’s Q 0.0248**
(0.0094)

0.0161**
(0.0075)

0.0269*** 0.0124* 0.0323** 0.0158**
(0.0066)(0.0090) (0.0071) (0.0142)

ROA 0.170
(0.203)

0.0849
(0.0984)

0.0133*
(0.0079)

0.0958**
(0.0396)

0.0358
(0.0305)

0.0208
(0.0392)

Constant -0.0288
(0.0262)

-0.0725***
(0.0043)

-0.0847***
(0.0049)

-0.0817***
(0.0049)

-0.0841***
(0.0010)

-0.0673***
(0.0044)

Observations 62,829 62,829 62,829 52,581 41,785 62,829

R-squared 0.196 0.198 0.196 0.196 0.199 0.193

Firm FE No No No No No No

Time FE No No No No No No

Bank-Time FE Yes Yes Yes Yes Yes Yes

Firm-Bank FE Yes Yes Yes Yes Yes Yes

Notes: This table reports regression results of the annual growth rate of firm-bank level loan on one year 
lagged volatility growth and a set of firm-level controls. Firm-level controls include the growth rates of 
Tobin’s Q, cash flow as a share of total asset, and ROA.  The sample period is annual from 2006 to 
2015. Column (1) through (6) includes bank-year and firm-bank fixed effects. We do not report the 
coefficients and standard errors on fixed effect terms in order to save space. Firm-level uncertainty 
measure is the annual realized volatility of firms’ stock returns. Statistical significance: *** p < 0.01, ** 
p < 0.05, * p < 0.1, y p < 0.15. We use weighted least squares with weights equal to natural logarithm 
of loans. Standard errors are clustered at the firm and year levels and are reported in parentheses. See 
section 2 for data details.



25 BOK Working Paper No. 2019-25

strong response of the industries with irreversible investment to 

uncertainty shock. Specifically, the finding that firms with larger size, 

higher leverage ratios and higher usage ratios of credit line are less 

responsive to firm-level uncertainty growth shocks is also in line with 

the estimation results above. 

The interactive terms which were included to test for firms’ 

heterogeneity have the same signs as in the previous estimations. We 

therefore recognize that, as well confirmed in the baseline estimations, the 

firms’ investment is closely affected by the growth as well as the level of 

uncertainty.

2.2 Regression on private financial institutions

Now, given notable and sterling role of public sector in Korean 

financial market, we investigate whether the effect of firm-level 

uncertainty on loan holds when allowing for private financial institutions. 

Table 8 shows that higher uncertainty reduces the lending and 

moreover that the magnitudes of the coefficients are akin to those in 

the baseline specifications. Also, the coefficients on the uncertainty 

which are estimated containing the bank-year and firm-bank fixed 

effect terms are larger than those with year and firm fixed effects, 

which is in line with the estimation results hitherto. This result 

suggests that the private banks react to the firm’s uncertainty in a 

similar manner to the public banks. In addition, the coefficients on the 

interaction terms in Table 9 are broadly of the same sign as in the 

estimations above, which also provides relevant implication that there is 

little divergence between public and private banks in the response of 

the loan to firm-level uncertainty.
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2.3 Regression on banks

Lastly, we conduct the same estimation for the banking sector only in 

order to confirm whether uncertainty effect holds for banks in a similar 

manner. Basically, uncertainty effect on loan appears to be robust to 

banking sector. The result of this estimation is quite analogous to those 

above, but the parameter estimates of uncertainty are relatively larger. 

These results suggest that the banks may respond more notably and 

strongly to uncertainty shocks.

　Table 8. The Effect of Uncertainty on Loans 
(private financial institutions)

(1) (2) (3) (4) (5)

VU -0.0736***
(0.0264)

-0.0851***
(0.0298)

-1.6465***
(0.0708)

-0.7765***
(0.0423)

-0.0814***
(0.0293)

Cash Flow -0.285***
(0.0706)

-0.657***
(0.193)

-0.195**
(0.105)

-0.262***
(0.070)

Tobin’s Q 0.0485***
(0.0116)

0.0786***
(0.0253)

0.0491***
(0.0133)

0.0441***
(0.0115)

ROA 0.318***
(0.064)

0.548***
(0.201)

0.461***
(0.119)

0.298***
(0.063)

Constant 7.577***
(0.114)

7.629***
(0.131)

0.900***
(0.302)

4.607***
(0.183)

7.650***
(0.129)

Observations 70,930 53,982 53,982 53,982 53,982

R-squared 0.854 0.859 0.049 0.456 0.854

Firm FE No No Yes Yes Yes

Time FE No No Yes Yes Yes

Bank-Time FE Yes Yes No Yes No

Firm-Bank FE Yes Yes No No Yes

Notes: This table reports regression results of annual firm-bank level loan as expressed in natural logarithm on 
one year lagged volatility as expressed in natural logarithm and a set of firm-level controls. Firm-level 
controls include Tobin’s Q, cash flow as a share of total asset, and ROA. The sample period is annual 
from 2006 to 2015. Column (1) and (2) include bank-year and firm-bank fixed effects while Column (3) 
and (4) contain firm and year fixed effect terms. We do not report the coefficients and standard errors 
on fixed effect terms in order to save space. Firm-level uncertainty measure is the annual realized 
volatility of firms’ stock returns. Statistical significance: *** p < 0.01, ** p < 0.05, * p < 0.1, y p < 0.15. 
We use weighted least squares with weights equal to natural logarithm of loans. Standard errors are 
clustered at the firm and year levels and are reported in parentheses. See section 2 for data details.
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Table 9. Heterogeneity in the Effect of Uncertainty on Loans 
(private financial institutions)

(1) (2) (3) (4) (5) (6)

VU  -0.0670**
(0.0312)

-0.0832**
(0.0404)

0.0926***
(0.0336)

-0.1329***
(0.0359)

-0.0993**
(0.0435)

-0.0906***
(0.0338)

VU x PPE -0.0728**  
  (0.0285)

VU x Durables -0.0039
(0.0515)

VU x 2nd FS Quintile -0.0946*** 
(0.0127)

VU x 3rd FS Quintile -0.1548*** 
(0.0158)

VU x 4th FS Quintile -0.2169*** 
(0.0194)

VU x 5th FS Quintile -0.2719*** 
(0.0271)

Leverage ratio 0.589*** 
(0.187)

VU x Leverage ratio 0.0856*** 
(0.0269)

Credit line -0.0062
(0.0186)

VU x Credit line 0.0029* 
(0.0017)

VU x Crisis 0.0245
(0.0452)

Cash flow -0.309***
(0.0745)

-0.285***
(0.0706)

-0.194***
(0.0686)

-0.414**
(0.210)

-0.621***
(0.189)

-0.407**
(0.164)

Tobin’s Q 0.0521***
(0.0123)

0.0485***
(0.0116)

0.0335***
(0.0113)

0.0504***
(0.0168)

0.0446**
(0.0195)

0.0478***
(0.0135)

ROA 0.344***
(0.0675)

0.317***
(0.0639)

0.226***
(0.0618)

0.446**
(0.205)

0.481***
(0.111)

0.441***
(0.160)

Constant 7.838***
(0.134)

7.629***
(0.131)

7.639***
(0.131)

7.502***
(0.173)

8.572***
(0.194)

7.643***
(0.135)

Observations 53,982 53,982 53,982 39,242 28,882 53,982

R-squared 0.857 0.859 0.859 0.863 0.737 0.861

Firm FE No No No No No No

Time FE No No No No No No

Bank-Time FE Yes Yes Yes Yes Yes Yes

Firm-Bank FE Yes Yes Yes Yes Yes Yes

Notes: This table reports regression results of annual firm-bank level loan as expressed in natural logarithm 
on one year lagged volatility as expressed in natural logarithm and a set of firm-level controls. 
Firm-level controls include Tobin’s Q, cash flow as a share of total asset, and ROA. The sample period 
is annual from 2006 to 2015. Column (1) through (6) includes bank-year and firm-bank fixed effects. 
We do not report the coefficients and standard errors on fixed effect terms in order to save space. 
Firm-level uncertainty measure is the annual realized volatility of firms’ stock returns. Statistical 
significance: *** p < 0.01, ** p < 0.05, * p < 0.1, y p < 0.15. We use weighted least squares with 
weights equal to natural logarithm of loans. Standard errors are clustered at the firm and year levels 
and are reported in parentheses. See section 2 for data details.
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Ⅴ. Conclusions

Uncertainty as a source of business cycle has been studied in various 

contexts. In examining the impact of firm-level uncertainty on corporate 

credit and investment, it is imperative to clarify whether the correlation 

between uncertainty and firms’ investment or lending indeed captures 

causation. Identification problem may arise if events (factors) that increase 

firm-level uncertainty can be accompanied by changes in the balance sheet 

strength of the financial institutions that have established relationship with 

the firm. Moreover, firm-level uncertainty shocks can be associated with 

bank supply shocks. We study whether uncertainty reduces corporate 

credit and investment while addressing identification problems. Using a 

granular bank-firm loan level data of South Korea, we exploit the 

empirical scheme of Khwaza and Mian (2008) to control for bank specific 

credit supply effects. Matched bank-firm loan data allows us to control for 

financial institution shocks and identify the impact of uncertainty on 

corporate credit in more sophisticated manner.

Furthermore, higher uncertainty is usually associated with lower 

corporate credit and investment which can be driven by multiple 

alternative channels: real options effects (demand channel) and risk 

premium effects (financial channel). In an attempt to identify dominant 

transmission mechanisms, we investigate whether the negative impact 

of uncertainty on corporate credit and investment exhibits heterogeneity 

in firms’ characteristics. In particular, we construct six proxies to 

capture investment irreversibility, financial constraints, firm’s credit 

worthiness and times in a crisis. Overall, we find that firm-level 

uncertainty discourages bank lending and investment. The estimation 

results without controlling for bank credit supply shocks show evidence 

of underestimation as we expected. In addition, we find more evidence 

to support the real options effects as a dominant mechanism through 

which uncertainty shock affects firms’ borrowing and investment. The 

adverse effect of uncertainty shocks on corporate credit and investment 
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is stronger for firms: that have higher degree of investment 

irreversibility; that are less likely to be financially constrained – larger 

firms, firms with sufficient financial slack or less leveraged.

Our results are robust to replacing the variables in levels with those 

in differences. Also, we show that the results do not significantly 

change if we limit the sample only for private financial institutions or 

banks.
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Appendix

　Table A.1. The Effect of Uncertainty on Loans (banks)

(1) (2) (3) (4) (5)

VU -0.113***
(0.0301)

-0.127***
(0.0323)

-1.076***
(0.0588)

-0.828***
(0.0507)

-0.117***
(0.0322)

Cash Flow -0.312***
(0.0858)

-0.508***
(0.162)

-0.382***
(0.125)

-0.305***
(0.0862)

Tobin’s Q 0.0534***
(0.0143)

0.0660***
(0.0246)

0.0607***
(0.0221)

0.0517***
(0.0144)

ROA 0.365***
(0.080)

0.338*
(0.185)

0.376**
(0.173)

0.354***
(0.080)

Constant 8.217***
(0.130)

8.206***
(0.142)

4.173***
(0.255)

5.205***
(0.221)

8.249***
(0.142)

Observations 56,675 46,801 46,801 46,801 46,801

R-squared 0.778 0.793 0.029 0.167 0.790

Firm FE No No Yes Yes Yes

Time FE No No Yes Yes Yes

Bank-Time FE Yes Yes No Yes No

Firm-Bank FE Yes Yes No No Yes

Notes: This table reports regression results of annual firm-bank level loan as expressed in natural logarithm 
on one year lagged volatility as expressed in natural logarithm and a set of firm-level controls. 
Firm-level controls include Tobin’s Q, cash flow as a share of total asset, and ROA. The sample period 
is annual from 2006 to 2015. Column (1) and (2) include bank-year and firm-bank fixed effects while 
Column (3) and (4) contain firm and year fixed effect terms. We do not report the coefficients and 
standard errors on fixed effect terms in order to save space. Firm-level uncertainty measure is the 
annual realized volatility of firms’ stock returns. Statistical significance: *** p < 0.01, ** p < 0.05, * p <
0.1, y p < 0.15. We use weighted least squares with weights equal to natural logarithm of loans. 
Standard errors are clustered at the firm and year levels and are reported in parentheses. See section 
2 for data details.
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Table A.2. Heterogeneity in the Effect of Uncertainty on Loans (banks)

(1) (2) (3) (4) (5) (6)

VU -0.101***
(0.0338)

-0.119***
(0.0448)

0.0790**
(0.0362)

-0.184***
(0.0371)

-0.114***
(0.0440)

-0.131***
(0.0363)

VU x PPE -0.095** 
(0.0293)

VU x Durables -0.0244
(0.0545)

VU x 2nd FS Quintile -0.103*** 
(0.0132)

VU x 3rd FS Quintile -0.170*** 
(0.0163)

VU x 4th FS Quintile -0.252*** 
(0.0200)

VU x 5th FS Quintile -0.293*** 
(0.0289)

Leverage ratio 0.726***
 (0.207)

VU x Leverage ratio 0.0900*** 
(0.0320)

Credit line -0.00603
(0.01870)

VU x Credit line 0.00285*
 (0.00172)

VU x Crisis 0.0135
(0.0485)

Cash flow -0.341***
(0.0886)

-0.323***
(0.0878)

-0.200**
(0.0855)

-0.301***
(0.0621)

-0.425***
(0.0754)

-0.327***
(0.0572)

Tobin’s Q 0.0578***
(0.0148)

0.0551***
(0.0146)

0.0350**
(0.0142)

0.0493**
(0.0199)

0.0438**
(0.0197)

0.0490***
(0.0163)

ROA 0.397***
(0.1826)

0.372***
(0.0817)

0.243***
(0.0805)

0.330***
(0.0761)

0.335***
(0.0736)

0.274***
(0.0585)

Constant 8.378***
(0.146)

8.380***
(0.144)

8.451***
(0.142)

7.896***
(0.181)

8.559***
(0.196)

8.228***
(0.146)

Observations 46,801 46,801 46,801 35,888 26,228 46,801

R-squared 0.787 0.787 0.788 0.810 0.743 0.795

Firm FE No No No No No No

Time FE No No No No No No

Bank-Time FE Yes Yes Yes Yes Yes Yes

Firm-Bank FE Yes Yes Yes Yes Yes Yes

Notes: This table reports regression results of annual firm-bank level loan as expressed in natural logarithm on 
one year lagged volatility as expressed in natural logarithm and a set of firm-level controls. Firm-level 
controls include Tobin’s Q, cash flow as a share of total asset, and ROA. The sample period is annual 
from 2006 to 2015. Column (1) through (6) includes bank-year and firm-bank fixed effects. We do not 
report the coefficients and standard errors on fixed effect terms in order to save space. Firm-level 
uncertainty measure is the annual realized volatility of firms’ stock returns. Statistical significance: *** p
< 0.01, ** p < 0.05, * p < 0.1, y p < 0.15. We use weighted least squares with weights equal to natural 
logarithm of loans. Standard errors are clustered at the firm and year levels and are reported in 
parentheses. See section 2 for data details.
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기업 불확실성이 기업 대출 및 투자에 미치는 영향
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본고는 기업 단위의 불확실성 확대가 기업의 금융기관 대출에 미치는 

영향을 식별 문제를 개선하는 새로운 분석방법을 이용해 추정하였다. 기업

의 불확실성이 확대되는 경우 해당 기업들은 신용능력 하락, 투자 이연 등

에 따라 그들의 대출수요를 자발적으로 축소하는 한편 금융기관들은 대차

대조표 악화 충격에 대응해 대출공급을 줄이게 된다. 불확실성의 효과를 

신용공급 효과와 분리하기 위하여 본고는 우리나라 상장기업의 전 금융기

관 대상 대출 정보를 포괄하는 금융기관-기업 결합 대출 데이터를 이용하

였다. 분석 결과, 신용공급효과를 통제하지 않은 일반 패널분석의 경우 불

확실성이 대출에 미치는 영향이 과대평가되는 것으로 나타났다. 아울러 신

용공급 효과를 통제할 경우 불확실성이 대출에 미치는 효과는 대기업과 차

입제약이 작은 기업에서 상대적으로 큰 것으로 분석되었다. 또한 불확실성

이 설비투자에 미치는 영향에서도 이와 상응하는 결과가 도출되었는데 이

는 기업의 불확실성 확대는 주로 실질옵션 경로를 통해서 기업 대출 및 투

자에 영향을 미치는 것으로 풀이된다.
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