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Abstract

Tobin’s Q is an established measure of firm performance, based on investor con-
fidence. However, the association between Tobin’s Q and credit ratings is not
well-established in the literature. Using a sample of Korean listed firms over the
2001-2016 sample period, Probit regression analysis shows that overall, Tobin’s
Q is positively associated with credit ratings. However, for firms with a>1 (1<)
Tobin’s Q ratio, a negative (positive) relationship exists. Moreover, in independent
regressions, a threshold level if found where the effect of Tobin’s Q on credit ratings
changes from being positive (0.2), to negative (0.3). To the best of our knowledge,
we are the first to demonstrate that credit rating agencies are nuanced when making
default risk assessments. Specifically, that in South Korea, a threshold level exists, at
which increasing Tobin’s Q values reduce credit ratings. Empirical evidence of the
different association between Tobin’s Q (market confidence) and credit ratings can
extend the literature and offer insights to market participants. Furthermore, because
Tobin’s Q is a commonly used proxy for financial performance in accounting lec-
tures, the study has practical implications for academics in classrooms.
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1 Introduction

Rating agencies issue credit ratings as an estimate of a firm’s ability to survive
a business cycle. A firm’s credit rating can therefore be considered by market
participants as a meaningful and economically significant estimator for a firm’s
default risk. The extant literature shows that credit ratings are influenced by a
firm’s financial indicators (Hovakimian et al., 2009; Alissa et al., 2013; Kraft,
2014; Ashbaugh-Skaife et al., 2006; Ziebart and Teiter, 1992; Kaplan & Urwitz,
1979). In addition to financial data, ‘soft’ data is impounded into credit ratings
based on governance data (Bhojraj & Sengupta, 2003; Ashbaugh-Skaife et al.,
2006; Crouchy et al., 2001). In the extant literature, firm value (overall market
performance) is captured using Tobin’s Q (Q ratio). In countless studies, Tobin’s
Q replaces return on asset (ROA) and other simple accounting ratios, to proxy
financial performance. Thus, it may be expected that Tobin’s Q will have a posi-
tive effect on credit ratings. However, surprisingly, the association between
Tobin’s Q and credit rating is not well-established in the literature.

Tobin’s Q is estimated as a firm’s total equity value, divided by the book value
of assets. The Q ratio is an accepted measure of investor confidence (Farrell &
Gallagher, 2015; Gatzert & Schubert, 2022; Hwang & Kim, 2018; Upadhyay,
2015). For example, a firm with a Tobin’s Q of 0.4 has more assets listed on finan-
cial statements compared to its equity market value. In such a situation, a firm’s
equity is of a lower value to its assets, due to low market confidence. As Tobin’s
Q increases to a level of 1, equity increases relative to assets, implying higher
market/investor confidence. The study’s main research question is: Does market
performance (Tobin’s Q) have a negative effect on credit ratings? We envision
that a relationship exists. However, credit rating agencies may be nuanced in their
credit rating status allocation, based on the following assertion. (I) Based on a
Tobin’s Q value of above 1, a firm can be considered as demonstrating strong
market performance. This firm also has enough assets to cover equity require-
ments. (I) On the other hand, a firm with a higher Tobin’s Q of 2 demonstrates
higher market performance. But this firm does not have enough assets to cover
its equity. Thus, from the perspective of a credit rating agency, in an instance of
potential mispricing or overvaluation, the firm with a Tobin’s Q value of 2 has a
stronger potential to default, despite investor confidence. Whilst the aforemen-
tioned different associations are likely to exist, it is not previously reported in the
extant literature. Thus, the purpose of this study is to add granularity, by empiri-
cally demonstrating whether credit rating agencies are nuanced in their credit rat-
ing assessment, based on Tobin’s Q.

Using a sample of Korean firms over the 2001-2016 sample period, Tobin’s
Q is shown to have a positive association with credit ratings. However, when the
sample is divided into firms with a Q ratio of below and above 1, the relationship
for firms with a 1 <Tobin’s Q remains positive. However, a negative relationship
exists between credit ratings and Tobin’s Q for the>1 Tobin’s Q sample. Upon
further investigation, a positive association between Tobin’s Q and credit ratings
is captured in regressions for the 0-0.2 Tobin’s Q sample. However, above 0.3,
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the result is negative. We observe qualitatively similar results after partitioning
the sample into Investment Grade (IG)/Non-Investment Grade (NIG) samples. To
add robustness to the model, we control for important endogenous variables, (1)
ratings in previous year (2) rating changes, (3) fixed firm and year effects, and
(4) credit ratings in period t+ 1 and t+2. Empirical results are consistent for all
additional analyses.

The findings make important contributions and enhance the literature as follows.
First, it is accepted that firm performance indicators such as, profitability, leverage,
size, liquidity, corporate governance, amongst others are impounded into credit rat-
ings, as indicators of default risk. Therefore, a positive relationship can be expected
between credit ratings and Tobin’s Q. In the initial analysis, we find that Tobin’s
Q has a positive effect on credit ratings, using the full sample. However, when the
sample is divided into Q ratios of > 1/1 <, the results imply that credit rating agen-
cies interpret the relationship between Tobin’s Q and credit ratings differently for
both groups. The negative relationship between Tobin’s Q and credit ratings sug-
gest that firms with a Tobin’s Q of > 1 are less likely to survive the business cycle
as Tobin’s Q increases, compared to firms with Tobin’s Q values of 1 <. The results
may be interpreted as follows. Firms with Tobin’s Q values of 1 (equity): 1 (assets)
are able to repay investors and shareholders if required with less difficulty compared
to firms with a Tobin’s Q value of 2 (equity): 1 (assets). Thus, despite investor confi-
dence, firms with higher equity to assets may be perceived as more likely to default
by credit ratings analysts, compared to firms with higher equity values, due to the
potential to mispricing or overvaluation.

Second, after showing that a different relationship exists between the 1 </>1
samples, we demonstrate that a point exists at which the positive relationship
between Q ratios and credit ratings become negative. Overall, for firms with a
Tobin’s Q value of 0-0.2, a positive relationship exists between Tobin’s Q and credit
ratings. However, as firms Q ratios increase above 0.3, the relationship between Q
ratios and credit ratings become negative. The result can be interpreted as follows.
For the firms with the lowest level of market confidence, increasing market perfor-
mance has a strong positive effect on credit ratings. For example, a firm with a mar-
ket value of 0.05 can increase its value by 400% to have a market value of 0.2. The
results therefore infer that credit rating agencies are nuanced in their default risk
assessments, based on firms with lower levels of Tobin’s Q.

Third, South Korea is a unique geographical location to conduct this study.
Legislative oversight was a major contributing factor in the 1997 Financial Crisis
(LaPorta, 1997; Emst, 1998). To enhance financial reporting transparency, South
Korea is shown to be an early adopter of regulation policy (Choi et al., 2018; Lim
& Mali, 2020, 2022, 2023; Mali & Lim, 2018, 2019, 2020). In 2023, South Korea
is now the 10th largest economy based on GDP. Therefore, this study provides a
unique opportunity for international comparative analysis, to demonstrate whether
the aforementioned credit risk/Tobin’s Q relationship is commonplace, or whether it
is a result of South Korea’s unique situation. Finally, as discussed in the conclusion,
ROA and Tobin’s Q are discussed in the same breath in accounting lectures. The
study can therefore inform academics about how to introduce Tobin’s Q in terms of
risk and reward.
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The paper proceeds as follows. In Sect. 2, relevant literature is introduced, and
hypotheses are developed. Section 3 provides details about data collection and
research design. In Sect. 4, the results of empirical results are discussed. Section 5
includes additional robustness tests. Section 6 concludes.

2 Literature Review
2.1 Previous Literature

The primary role of a credit rating agency is to provide market participants with an
indication of whether a firm is likely to survive through a business cycle (Carey &
Hrycay, 2001). A firm’s credit rating is used by market participants as an estimate of
a firm’s default risk potential, with credit ratings providing an economically mean-
ingful measurement of risk for investment purposes (Boot et al., 2006). Firms with a
similar credit rating are grouped together as firms of similar quality (Kisgen, 2006).
In South Korea, the largest credit ratings agency, NICE (National Information &
Credit Evaluation) provides firms with 10 broad credit ratings. A value of 10 (1)
is estimated as the lowest (highest) level of default risk. Credit ratings are impor-
tant to management because firms with lower credit ratings are disadvantaged in
terms of reputation, borrowing costs, rates and reduced terms from suppliers (Blume
et al., 1998; Dichev & Piotroski, 2001; Ederington & Goh, 1998; Holthausen &
Leftwich, 1986). The literature suggests that whilst management have an incentive
to enhance credit ratings through managerial interventions, they are not successful
(Ali & Zhang, 2008; Alissa et al., 2013; Hovakimian et al., 2001, 2009; Jung et al.,
2013; Kisgen, 2006). Taken together, the literature suggests that market participants
can consider credit ratings as both an important and independent measurement of a
firm’s default risk.

Credit ratings are estimated by agencies using a combination of internal (hard)
financial firm data and ‘soft’ data. Previous empirical studies show that financial
statement data including earnings, competitive position, size, stability, profitability,
leverage, and financial strength influence a firm’s credit ratings (Hovakimian et al.,
2009; Alissa et al., 2013; Kraft, 2014; Ashbaugh-Skaife et al., 2006; Ziebart and
Teiter, 1992; Kaplan & Urwitz, 1979). In addition to financial statement data, credit
rating analysts make adjustments based on ‘soft’ data that includes managerial cred-
ibility (Kraft, 2014) and corporate governance (Bhojraj & Sengupta, 2003; Ash-
baugh-Skaife et al., 2006; Crouchy et al., 2001). Market performance is also shown
to influences a firm’s ability to survive the business cycle (Lim and Mali, 2019).
Taken together, the literature provides evidence that firm performance is positively
associated with credit rating status. Therefore, it is surprising that the association
between credit ratings and Tobin’s Q is not widely reported in the literature.

Al reasoning systems and machine learning techniques are the established tools
to estimate credit risk by rating agencies (Galindo et al., 2000). Huang et al. (2004)
surmises that structures developed by humans are relatively simple and easy to
interpret, while Al models and machine learning methods are usually very compli-
cated and difficult to explain. AI machine learning methods are considered a well
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suited and efficient estimation of credit ratings (Kwon et al., 1997; Shin et al., 2001).
However, Shin (2001) suggests that the drawback of Al and machine learning is that
metrics may be difficult to decipher. To interpret the models developed by credit rat-
ing agencies, researchers use regression analysis to capture the ‘average’ effect of
firm performance on credit ratings. However, there is the potential that the relation-
ship between Tobin’s Q and credit ratings may be complex. In this study, we inter-
pret that credit rating agencies can impound Tobin’s Q into credit rating assessment,
based on two assertions; (i) a positive association, based on market performance, (ii)
or a situation in which firms do not have the ability to repay shareholders, based on
an overvaluation or mispricing assertion (negative).

James Tobin’s initial model developed in 1969 was designed to capture a firm’s
intrinsic value. The model has been developed by Lucas and Prescott (1971), Abel
(1983) and the model that is predominantly used in academic studies is a Tobin’s
Q model developed by Hayashi (1982). Hayashi’s (1982) Q ratio measures a firm’s
average replacement cost of assets relative to the market cost of asset based on per-
fect competition. In 2023, Tobin’s Q, market performance assertions are regularly
taught at undergraduate level as a proxy of future firm performance, based on inves-
tor confidence. Based on the commonly held belief in extant literature, a firm with
a Tobin’s Q of 0.4 can be considered undervalued as a result of weak investor senti-
ment. A firm with a Tobin’s Q above 1 can be considered as demonstrating higher
market value relative to assets. A firm with a Tobin’s Q of 2 is framed as having
higher market value, relative to assets, due to higher investor confidence.

Various studies suggest Tobin’s Q has a positive relationship with firm perfor-
mance (Berger & Ofek, 1995; Khan et al., Sarhan et al., 2019; Bi & Wang, 2018).
There is also evidence that governance and management effort is associated with
Tobin’s Q (Abdullah et al., 2015; Al-Najjar, 2012; Elsayed & Elbardan, 2018). How-
ever, Dybvig and Warachka (2015) suggest that Tobin’s Q may distort true firm
performance because management may reduce assets relative to stock to increase
Tobin’s Q. Moreover, Philippon, (2009) demonstrates that equity has a higher likeli-
hood of being mispriced compared to debt. Taken together, whilst increasing Tobin’s
Q can signal increased market performance, it can also lead to opaqueness because
higher (lower) market value (assets) reduces a firm’s ability to repay shareholders.
Therefore, potentially, academic tension exists in the literature regarding the asso-
ciation between credit ratings and Tobin’s Q, and whether (at what point does) mar-
ket confidence becomes an overvaluation, and reduces a firm’s credit ratings, due to
mispricing.

2.2 Hypothesis Development

Tobin’s Q and relative stock prices vary due to investment decision making, which
can be contextualized based on the efficient market hypothesis (EMH). EMH sug-
gests investors are profit maximizing and utilize all valuable information for invest-
ment purposes. If market participants believe that a firm has the potential for
upside opportunity, market confidence will increase stock price relative to assets.
For example, a firm with a Tobin’s Q of 0.75 compared to 0.1 can be considered
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Positively Influence . .
Q ratio Creditratings
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Provide perception of overvaluation / mispricing (-)

For firms with
high Q ratio i determine

+ Creditratings

Incremental ‘
Q ratio

Rating agencies

For firms with low f
ratio

Provide perception of overall market performance (+)

Fig. 1 The relationship between Q ratio and credit ratings

as demonstrating the potential for higher market returns based on investor confi-
dence. This relationship can be interpreted by credit rating analysts and captured
as a positive relation between Tobin’s Q and credit ratings based on analyst’s belief
that a firm with higher market confidence are more likely to survive the business
cycle compared to a firm with a lower Tobin’s Q (market performance). Overall, we
believe that the association between Tobin’s Q and credit ratings will be positive,
for a sample of Korean listed firms, as illustrated in Fig. 1. Based on the above, we
develop the following hypothesis:

H1 Tobin’s Q is likely to have a positive effect on credit ratings.

However, the accounting equation is defined as Assets=Liabilities + Owner’s
Equity. In a situation where the book value of assets (1) are at parity with a firm’s
equity (1), a firm with a Tobin’s Q of 1 can be considered as having sufficient assets
to repay all debt and equity commitments. However, as Tobin’s Q increases to> 1,
the firm will become increasingly less likely to reimburse investors for their equity
share, compared to firms with Tobin’s Q levels of 1 <. Thus, in situations of robust
market performance, credit ratings analysts may interpret that higher Tobin’s Q lev-
els increases potential default risk, based on potential overvaluation or mispricing.
On the other hand, a firm with a Tobin’s Q of 1 <can be considered more likely to
survive the business cycle because the firm will have the ability to repay investors if
investors have an incentive to sell their equity investment.

Above, we hypothesize that firms with Tobin’s Q levels of 1 <and>1 may have
different levels of risk from a credit rating analyst’s perception. However, whilst we
hypothesize that the relationship between credit ratings and Q ratio can be positive
(negative) for the< 1 (> 1) group, we also surmise that a point is likely to exists at
which market confidence become an overvaluation and reduces a firm’s credit rat-
ings. At this point, after controlling for firm risk determinants, credit ratings will
consider that a firm is less likely to survive a business cycle, thus, allocate a lower
credit rating. Whilst this ’threshold” Tobin’s Q level has not been reported in the
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Table 1 Credit ratings coding

CR IG/NIG Grade Definition Moody’s S&P

10 1G Best grade Extremely strong Aaa AAA

9 High grade Very strong Aal & Aa2 AA+ & AA

8 Strong Aa3 AA-

7 Middle grade Good Al & A2 A+& A

6 Medium A3 A-

5 Less vulnerable Baal & Baa2 BBB +& BBB
4 NIG Low grade More vulnerable Baa3 BBB-

3 Poor grade Currently vulnerable Ba & B &Caa B & C & CCC
2 Highly vulnerable Ca C

1 Extremely vulnerable C D

literature, we posit that such a relationship is likely to exist and can be discovered
using empirical testing, due to the fact that credit rating analysts have various Al
and machine learning systems at their disposal. In the first hypothesis, we believe
that overall, a positive relation is likely to exist between credit ratings and Tobin’s
Q. However, in the second hypothesis, we assert that firms that are overvalued (> 1,
or at a "threshold’ level) with relatively less assets to repay investor are also likely to
demonstrate high levels of default risk. Based on the above, we develop the follow-
ing hypothesis:

H2 For firms with high Tobin’s Q values, lower credit ratings will be imparted by
rating agencies.

3 Research Design

Tobin’s Q is estimated in Eq. (1). The value is acknowledged by the Korean Stock
Exchange (KRX), as an accepted measurement of market performance. Credit rat-
ings are estimated as the ordinal rank of credit ratings. In Table 1, we provide details
of how credit rating ordinal rankings are equivalent to Moody’s and S&P. Firms
with the highest credit rating value of 10, represent firms with a credit rating of
AAA. Firms with a credit rating value of 1, represent firms with a credit rating of
C for Moody’s and D for S&P. This methodology is established in previous South
Korean studies (Lim & Mali, 2018; Mali & Lim, 2019). As explained in the first
hypothesis, we expect to find a positive relationship between Tobin’s Q and credit
ratings for our full sample. However, in situations of high Tobin’s Q, because of the
potential for overvaluation/mispricing, a negative relation between Tobin’s Q and
credit ratings has the potential to exist (second hypothesis).

TQ = (MVCS + MVPS + STL — STA + LTD — INV)/TA )]
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where

TQ: Tobin’s Q, MVCS: Market value of common stock, MVPS: Market value
of preferred stock, STL: Short term (current) liabilities, STA: Short term (current)
assets, LTL: Long term debt, INV: Inventory, TA: Book Value of Total assets.

In Table 2, control variables are divided into established credit ratings determi-
nants; business risk, firm size, liquidity, firm performance and ownership (govern-
ance) structures. The study adopts Woodside’s (2016) suggestion that only including
determinants that influence the dependent variable enhances the predictive validity
of empirical tests. Woodside (2016) infers that whilst there is a trend to include sta-
tistically insignificant variables in modern studies, this approach reduces the quality
of empirical findings. Thus, prior to the analysis, a battery of tests have been con-
ducted to establish the most appropriate variable for each determinant.

We control for business risk using firm leverage, short term borrowing, total
borrowing, accrual earnings management and real earnings management. A nega-
tive relationship is expected between leverage and credit ratings because firms with
higher levels of debt to equity are less likely to survive the business cycle compared
to firms with lower debt. Based on the same logic, firms with lower long/short term
borrowing are likely to have lower credit ratings, because they are less likely to
maintain business operations. Accrual earnings management (Dechow et al., 1995)
and real earnings management (Cohen and Zarowin 2010) are established account-
ing measurements of managerial opportunism. We expect a negative relationship
between credit ratings and managerial opportunism. Larger firms are expected to
have higher credit ratings because they have more assets to maintain operations.
Thus, we expect a positive relationship between firm size and credit ratings.

To control for liquidity, we include the current ratio, short-term assets divided by
short term debt. Firms with more short-term assets to short term debts are less likely
to default. Thus, we expect a positive relationship between liquidity and credit rat-
ings. We estimate firm performance using return on assets (ROA). Firms with higher
performance are accepted as demonstrating higher credit ratings. Next we control
for ownership structures using the percentage holding of the largest domestic and
foreign shareholders. Using a South Korean sample, Mali and Lim (2022) show a
positive relationship exists between the percentage ownership of shareholders based
on larger owners having the ability to provide guidance and break disputes between
shareholders. To control for industry and year fixed-effects, we add industry dummy
variables for each year and SIC codes.

Ratings;, = By + p,TobinQ; , + p,Lev;, + p3SBTB,, + f,Borrowing;,
+ BsABDA; , + B TRM; , + B;Size;, + fgCurrent_R; )

— Lt

+ ByROA;, + B,(BigOwn;, + p| Fore;, + ID + YD + ¢,

The Probit regression model is listed as Eq. (2). The sample selection period
is from 2001 to 2016. This sample period is selected because the period excludes
the effect of the 1997 Asian Financial Crisis. Moreover, following the resignation
of former impeached President Park Geun-Hye, numerous business law interven-
tions have been implemented from 2017 (Lim & Mali, 2023; You, 2021). Further-
more, from 2019, the Covid-19 pandemic has the potential to influence firm/market
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performance. Therefore, the 2001-2016 period can be considered a period of stabil-
ity in the South Korean market. All credit rating and financial data is downloaded
from the Data guide 5.0, KISVALUE, and TS-2000 (Korean) databases. The sam-
ple selection process is listed in Panel B, Table 2. Data is downloaded for all non-
financial firms listed on the Korean stock market. 14,733 firm-year observations
are initially downloaded. 1642 observations with insufficient financial data are then
removed, leaving a final sample of 13,091 firm year observations.! All our data are
winsorized at bottom and top 1%.

4 Empirical Results
4.1 Univariate Analysis

In Table 3, mean, medians, maximum/minimum values, and standard deviations for
each variable included in the analysis are listed. Moreover, Pearson Correlations are
provided. Mean and medians are almost at parity, suggesting a normally distributed
sample. Further, maximum, minimum and standard deviations are consistent with
previous credit rating studies. 3.

Pearson Correlations show the expected signs and are statistically significant at
the 0.01% p-level. As inferred in hypothesis 1, Tobin’s Q increases (0.33) with credit
ratings. We also find that leverage, borrowing, opportunistic earnings management
and other firms risk determinants are likely to decrease credit ratings. Empirical
results also show that larger firms with strong cash positions are likely to have high
credit ratings.

4.2 Multi-Variate Analysis

In Table 4, Probit regression results demonstrate the relationship between credit rat-
ings and market performance (Tobin’s Q). After controlling for industry/year fixed
effects and credit risk determinants, empirical results consistently demonstrate
Tobin’s Q is increasing with credit ratings (coeff 0.30, t value 10.67). The result
allows us to accept our first hypothesis. All control variables are statistically signifi-
cant and demonstrate the predicted sign. All control variables are statistically signif-
icant based on our robust variable selection procedure (see Sect. 3, research design).
The model can be considered robust, based on R2 and F statistic values. Based on
variance inflation factor (VIF) tests, the model is shown to have no multicollinearity
issues.

In Table 5, the sample is divided into two groups, firms with a Tobin’s Q of
1 < (lower that 1) and> 1 (higher than 1). Where Tobin’s Q is lower than 1, consist-
ent with the results in Table 4, a positive relationship exists between Tobin’s Q and
credit ratings (coeff 1.84, t value 27.33). This result reinforces that firms with higher

! The data that support the findings of this study are openly available in figshare at https://figshare.com/
articles/Tobin’sQ_x1sx/11947959.
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Table 4 Multi-variate analyses Model

Ratings;, = fy + B TobinQ;, + p,Lev;, + p3SBTB;, + p,Borrowing;,
+ fsABDA,;, + BsTRM,, + f;Size;, + fsCurrent_R;, + poROA,,
+ ByoBigOwn;, + By, Fore;, + ID + YD + ¢,

Pred Modell Model2 Model3
Intercept +/- —5.86%%* —5.71%#%* —6.58%#%*
(—23.91) (—23.36) (—25.47)
TobinQ + 0.39%3#:% 0.3 1% 0.30%3#:*
(14.74) (11.11) (10.67)
Lev — —1.48%%:* — 1.47%%* — 1.45%%:*
(—44.57) (—44.36) (—43.82)
SBTB — —0.01%#%* —0.01%#%* —0.01%#%*
(—33.69) (—34.03) (—33.64)
Borrowing - —0.08#%* —0.08%#%* —0.08%**
(—=19.35) (—19.62) (—19.47)
ABDA - —2.38%k% —2.15%%* —2.12%%*
(—15.90) (—14.33) (—14.13)
TRM - —0.46%** —0.46%%* —0.43%%*
(9.25) (=9.16) (—8.52)
Size + 0.03%#* 0.03%#* 0.05%#*
(3.37) (3.55) (5.25)
Current_R + 0.01%:** 0.0, *%* 0.01%:**
(8.54) (8.38) (8.72)
ROA + 749k 7.49%* 7.42%%
(51.73) (52.68) (51.41)
BigOwn + 0.80%*:* 0.50%3* 0.82%3
(11.06) (8.06) (11.15)
Foreign + 1.25%* 1.50%:* 1.3
(10.55) (12.86) (11.17)
ID Included Included
YD Included Included
Mean VIF 1.95 1.46 1.77
F value 547.98%#%* 365.30%%* 285.47%#%*
Adj. R2 0.5217 0.5287 0.5372
Obs 13,091 13,091 13,091

* Rk kEE indicate significance level at 10%, 5%, 1% respectively

Refer to Table 2 for variable definitions

market performance are expected to have higher credit ratings. However, using a
sample of firms with Tobin’s Q values of higher than 1, a negative relationship exists
between Tobin’s Q and credit ratings (coeff 0.16, t value —3.92). The results allow

us to accept the second hypothesis.

Empirical results suggest that after controlling for the effect of leverage and other
key determinants, Tobin’s Q has an incremental effect on credit ratings. For a Q ratio
below 1, the TobinQ coefficient of 1.84 means that an increase in TobinQ by 0.54
(=1/1.84) would be a full (1-10) rating level increase. Empirical results suggest
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Table 5 Q ratio above 1 vs Q

Model
ratio below 1 ode

Ratings;, = fy + B TobinQ;, + p,Lev;, + p3SBTB;, + p,Borrowing;,

+ fsABDA,, + BsTRM,, + f;Size;, + fsCurrent_R;, + poROA,,
+ B1oBigOwn;, + fy Fore;, + ID + YD + ¢;,

Pred Q ratio above 1 Q ratio below 1
Intercept +/- —6.23%%%* —5.64%%%
(=6.52) (-21.20)
TobinQ + —0.16%%* 1.84%%*
(=3.92) (27.33)
Lev - — 1.22%%:% —1.32%%:%
(=9.92) (—39.01)
Sbtb - —0.0] %% —0.0] %%
(—8.48) (—29.93)
Borrowing - —0.54 %% —0.08%*%#%*
(=9.34) (—18.15)
ABDA - —2.63%%:% —2.25%#:%
(—=6.34) (—14.43)
TRM - -0.15 —0.48%#:%
(=1.29) (—8.86)
Size + 0.147%%3% -0.01
4.13) (=047
Current_R + 0.0]#** 0.0 %%
(2.67) (7.98)
ROA + 5.027%#% 7.49% 3%
(14.72) (47.82)
BigOwn + 0.61%* 0.89%3#:%
(2.36) (11.94)
Foreign 1.49%%* 1.21%%*
(4.68) 9.82)
ID Included Included
YD Included Included
Mean VIF 3.90 1.73
F value 37.67%%* 273.45%%*
Adj. R2 0.6567 0.5479
Obs 1077 12,014

* Rk Rk indicate significance level at 10%, 5%, 1% respectively

Refer to Table 2 for variable definitions

that, for example, an undervalued firm with a TobinQ of 0.90 (below 1) needs to be
able to increase by 0.54 in order to achieve a one rating-level increase (a firm with Q
ratio increased from 0.90 to 1.44 can increase credit rating by one). Due to the vari-
ous financial benefits associated with a credit rating upgrade (Alissa et al., 2013),
the results can be considered economically significant.

On the other hand, for the Q ratio above 1 sample, the TobinQ coefficient (0.16)
shows that an increase in TobinQ by 6.25 (=1/0.16) would be of a magnitude such
that the rating would fall by one. It suggests that for instance, an overvalued firm
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with a Q ratio of 1.20 (above 1), should be able to prevent the Tobin’s Q from going
up by 6.25 (too overvalued) in order to avoid experiencing one rating downgrade.
Therefore, an overvalued firm with a Q ratio increase from 1.20 to 8.45 may experi-
ence a one credit rating downgrade. For completeness, we mention that in the U.S.,
Moody’s has 21 credit rating notches (not 10). Therefore, the results can be consid-
ered practically significant in South Korea, and internationally, if the same phenom-
enon exists.

The results can be more specifically interpreted as follows. Credit rating agencies
may consider firms with increasing Tobin’s Q (levels of > 1) as having potentially
higher credit risk, as a result of potentially being overvalued or mispriced. There-
fore, increased market confidence may lead to a situation in which firms are less able
to repay investor equity using assets. In short, whilst the firm performance literature
infers that (Tobin’s Q is a proxy of) market performance will be associated with
higher credit ratings, market confidence proxied by Tobin’s Q has the potential to
become an indicator of a firm’s in-ability to survive the business cycle.

5 Additional Analysis
5.1 Incremental Analysis

In Table 6, we collect additional support for the second hypothesis, by conducting
regressions for 40 different Tobin’s Q levels. The purpose of these regressions is
to capture whether credit rating agencies perceive Tobin’s Q differently in relation
to credit risk at specific levels. The first 20 regressions in Panel A, lists samples of
firms with Tobin’s Q values of > 0.1 (all firms) to>2.0 (only firms with the highest
market confidence). Empirical results show that Tobin’s Q has a positive relation-
ship with credit ratings for the>0.1 (coeff 0.16, t value 6.17) and the>0.2 (coeff
0.07, t value 2.47) samples. However, as the Tobin’s Q level increases to above 0.3
(excluding firms with Tobin’s Q of 0-0.2), the results of independent regressions
suggest that the relationship changes from positive to negative (coeff —0.10, t value
—3.93). From> 0.4 to 2.0, we find that Tobin’s Q has a consistent negative relation-
ship with credit ratings, despite overall significance levels decreasing as sample size
decrease. Our findings become clearer when our 20 separate regressions in Panel
A are captured graphically in Fig. 2. Figure 2 clearly shows that the coefficient
for firms with Tobin’s Q of >0.2 (Obs. 9484) is statistically significantly positive,
whereas the coefficient for the > 0.3 sample (Obs. 7043) is significantly negative.

The result in Table 6, Panel B demonstrate consistent results when we include
individual regressions for firms with Tobin’s Q values of <0.1 (only firms with a
Tobin’s Q of 0.1) to<2.0 (all firms). We find a strong positive coefficient (16.01)
for firms with Tobin’s Q values of below 0.1. The relationship becomes less positive
at 0.2 (coeff, 8.54). As the Tobin’s Q values increases, coefficients also decrease.
As shown in Fig. 2 and Panel B, the positive association continues to become less
significantly positive suggesting that the positive association between credit ratings
and Tobin’s Q is predominantly determined by firms with relatively low Tobin’s Q
levels.
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The findings have important implications. In the first analysis (hypothesis), we
demonstrate a positive relationship between credit ratings and Q ratios. In the sec-
ond analysis, we show that firms with a Tobin’s Q of 1 <are more likely to have a
positive credit rating as Tobin’s Q increases. However, firms with a Tobin’s Q value
of>1 are more likely to have a negative relation. In the incremental analysis, we
demonstrate that, (i) the positive relationship between a credit rating analyst’s per-
ception of risk and Tobin’s Q is likely based on firms with relatively low Tobin’s
Q levels (0.3 <). Firms with a Tobin’s Q of below 0-0.2 can be considered as hav-
ing relatively low market confidence; thus, higher market confidence (Tobin’s Q)
for such firms can reduce credit risk. (ii)) We demonstrate that holding all firm risk
variables consistent, a threshold level can be captured (> 0.3) at which an incremen-
tally higher Q ratio has a negative influence credit rating. The results also show that
market performance does not indicate a firm’s ability to survive the business cycle
per se, and that credit rating analysts likely utilize specific vectors-based Tobin’s Q
level models using Al technology and machine learning to capture the effect of mar-
ket confidence on credit ratings at specific levels.

5.2 Persistency Tests

To add robustness, we determine whether Tobin’s Q can have a positive effect on
credit ratings in subsequent periods. Therefore, in Table 7, we capture the influ-
ence of Tobin’s Q on credit ratings in period t+ 1 and period t+ 2. We believe it
is important to capture the relationship between Tobin’s Q and credit ratings in
subsequent periods because previous studies demonstrate that credit rating agen-
cies have an incentive to keep credit ratings consistent. Becker and Milbourn
(2011) suggest that credit ratings analysts are unlikely to modify a credit rat-
ing without sufficient evidence and therefore take a long-term approach. Hova-
kimian and Hovakimian (2009) surmise that credit ratings are designed to be a
forward-looking estimate of credit risk. Altman and Rijken (2004) explain that
credit ratings are only updated only when an analyst is confident that changes
in a firm’s default risk position is permanent, an organizational phenomenon
known as the prudent rating migration policy. We find that Tobin’s Q has a posi-
tive influence on credit ratings in period t+ 1 (coeff 0.36, t value 10.45) and t+2
(coeff 0.32, t value 8.13). The result suggests that Tobin’s Q influence credit
ratings in both the current and subsequent periods, consistent with credit rating
analysts interpreting Q ratios based on a long-term approach.

5.3 Controlling for Previous Year’s Credit Ratings

A firm’s credit rating in the previous year can also be considered a determinant for
subsequent credit ratings (Avramov et al., 2007). Therefore, to add robustness, pre-
vious year’s credit ratings are included in Table 8. Results are consistent when a
firm’s previous credit rating is included into the model using the t-1 (coeff 0.08, t
value 3.84) and differenced approach (coeff 0.25, t value 9.36). The results provide
further evidence 1of model robustness.
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Fig.2 Coefficient changes for Q ratio above/below specific benchmark

5.4 Investment/Non-Investment Grade Analysis

Next, we estimate whether the relationship between credit ratings and Tobin’s Q is
consistent for IG and NIG firms. The literature suggests that financial institutions,
regulators, market participants and accounting professionals consider firms above
the IG threshold as having lower levels of default risk, compared to NIG firms
(Alissa et al., 2013; Becker & Milbourn, 2011; Bolton et al., 2012; Kraft, 2015; Opp
et al., 2013). Alissa et al. (2013) suggests that firms that are below the IG thresh-
old have explicit incentives to belong to the IG group, because IG firms enjoy bet-
ter terms from various groups including suppliers, banks, and financial institutions.
Mali and Lim (2019) also demonstrate that firms above the IG threshold are consid-
ered differently based on efficiency performance. Therefore, we question whether
credit rating agencies perceive Tobin’s Q performance differently for both groups.

In Table 9, Panel A, a positive relation is demonstrated between Tobin’s Q and
credit ratings for NIG (coeff 0.23, t value 6.24). However, for the IG sample a
negative relationship exists (coeff —0.11, t value —5.67). Because firms with low
credit ratings are expected to have higher risk and lower market confidence, a small
increase in Tobin’s Q can have a large positive effect on credit ratings. The IG group
analysis can be interpreted as follows. For firms with very low (high) credit risk
(ratings), incrementally increasing levels of Tobin’s Q may be a signal of increasing
investment momentum, which is likely to be perceived by rating agencies as increas-
ing default risk, due to firm overvaluation/mispricing, in an instance where investors
would be inclined to sell shares.

5.5 OLS/Controlling for Firm/Year Fixed Effect
In the main analysis, Probit regression analysis is conducted, using dummy vari-

ables to control for industry/year fixed effects. To reduce the potential of time
series/industry dependence, we re-perform additional analyses including the (i)
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Table 7 Persistency tests

Model

Ratings; ;41 42) = Po + B TobinQ; , + p,Lev;, + p;SBTB;,

+ pyBorrowing; , + PsABDA,; , + B¢TRM, , + f;Size;,

+ PgCurrent_R;, + PoROA; , + fBigOwn;

=t

+ fy Fore;, + ID + YD + ¢,

Pred

DV:Ratings;, DV:Ratings;,., DV:Ratings;,,,

Intercept
TobinQ
Lev

SBTB
Borrowing
ABDA
TRM

Size
Current_R
ROA
BigOwn
Foreign

ID

YD

Mean VIF
F value
Adj. R2
Obs

+/=-

+

— 6,58
(—25.47)

0.30%**
(10.67)

— 1.45%%%
(—43.82)

—0.0] %%
(—33.64)

(-19.47)

— Dk
(—14.13)

—0.43%%%
(—8.52)
0.05%%*
(5.25)

8.72)

7 425
(51.41)

(11.15)

(11.17)

Included
Included
1.77
285.47%**
0.5372
13,091

—6.0]%%*
(—20.32)

0.36%**
(10.45)

(=31.27)
(—25.55)

—0.07%*
(—13.61)

(-11.72)

— (.58
(—10.13)

0.02%+
(2.08)

(6.75)
(40.18)

(10.04)

(12.08)

Included
Included
1.73
180.88%**
0.4368
12,182

— 5.90%%*
(=17.71)

0.32%%%
(8.13)

— (.93 %%
(=23.01)

—0.0] %%
(—21.68)

—0.05%%*
(=9.00)

] 77
(—9.25)

— (). 455k
(—6.96)

0.03%*
(2.01)

(6.64)

(29.56)

.83
(8.94)

1,728k
(11.27)

Included
Included
1.71
114.06%**
0.3413
11,278

* kR indicate significance level at 10%, 5%, 1% respectively

Refer to Table 2 for variable definitions

Fama—MacBeth (1973) fixed effect technique and (ii) clustering for standard errors
at firm level. Untabulated results show consistent results for all analyses. Further-
more, as an additional robustness check, we re-run all above analyses using OLS
regression. As expected, OLS regression and Probit regression analysis results are

qualitatively indifferent.
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Table 8 Controlling for previous
ratings/rating changes

@ Springer

Model

Ratings;, = py + B, TobinQ;, + p,Lev;, + p3SBTB; , + f,Borrowing;,
+ fsABDA;, + fcTRM;, + p;Size;, + PyCurrent_R;,

+ BoROA,;, + B,yBigOwn;, + B, Fore;,

+ py,Ratings;,_, / ARatings, +1D + YD +&;,

Pred DV: CR_t DV: CR_t
Intercept +/- — 1. 17%%* —6.71%%*
(—=6.21) (=27.13)
TobinQ + 0.08%** 0.25%%**
(3.84) (9.36)
Lev - — (.85 — .88k
(—28.90) (—50.58)
SBTB - —0.00%** —0.0] %%
(—18.69) (—32.23)
Borrowing - —0.04%%* —0.08*%#%*
(—12.30) (—17.80)
ABDA - — 1.2] %% — .87k
(=11.11) (—12.86)
TRM - —(.22%:%* —0.4]%#%*
(—6.20) (—8.36)
Size + —0.02%%* 0.07 %
(—2.81) (7.29)
Current_R + 0.00%** 0.0 %
(3.33) (7.96)
ROA + 4,73k 6.70%**
(43.41) (46.27)
BigOwn + 0.06 0.86%
(1.03) (11.97)
Foreign + 0.42%%%3* 1.28%**
(5.06) (11.41)
Ratings;,_, 0.61%*%*
(107.56)
ARatings;, 0.31%%%*
(29.99)
ID Included Included
YD Included Included
Mean VIF 1.70 1.68
F value 803.60%:#:* 342,71 %%
Adj. R2 0.7732 0.5925
Obs 12,544 12,544

* kR indicate significance level at 10%, 5%, 1% respectively
Refer to Table 2 for variable definitions

*#*Ratings;,_, and ARatings, , are credit ratings in previous year and
ratings changes respectively
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5.6 Excluding the Leverage Effect

In the main analysis, we examine the relationship between credit ratings and Tobin’s
Q, after controlling for key credit rating determinants. Leverage is included as
a control variable, because it is a key credit rating determinant. However, there is
the potential that multicollinearity exists between f; TobinQ and f, leverage, since
TobinQ estimation includes liability size. The Pearson correlation between TobinQ
and Lev is —0.18 (—18%). However, mean VIF is far below 10, suggesting that the
model is free from multicollinearity problems. Regardless, for robustness, in order
to rule out the ‘leverage effect’, the main analysis is repeated after excluding lever-
age. Untabulated results show that in the absence of leverage, empirical findings are
consistent with the main analysis (TobinQ Coeffi —0.19 t value —2.22 for Q ratio
above 1, Coeffi 2.11 t value 33.54 for Q ratio below 1).

5.7 Leverage Above/Below Median Analysis

In Sect. 5.6, we exclude the effect of leverage and repeat the main analyses. How-
ever, the negative effect of the coefficient on TobinQ may be caused by a group of
firms with significantly high TobinQ. It is also possible that given that the definition
of TobinQ includes the ratio of total liabilities to assets, firms with high TobinQ may
include those with high liabilities. In order to clarify the issue, we repeat the main
analyses after dividing the sample into two groups: (1) firms with leverage above
median, and (2) below median.

In Table 10, a positive relation is shown between TobinQ and credit ratings for
the leverage above median sample (coeff 0.49, t value 12.20). However, for the lev-
erage below median sample, a negative relationship is demonstrated (coeff —0.06, t
value —2.56). Because firms with high leverage are expected to have higher risk and
lower market confidence, a small increase in TobinQ can have a large positive effect
on credit ratings. The leverage below median analysis can be interpreted as follows.
For firms with very low (high) credit risk (ratings), incrementally increasing levels
of TobinQ may be a signal of increasing investment momentum, which is likely to
be perceived by rating agencies as increasing default risk, due to firm overvaluation/
mispricing, in an instance where investors would be inclined to sell shares.

6 Conclusion and Discussion

This study is important for numerous reasons. First, based on previous studies that
associate credit rating and firm performance, Tobin’s Q (market performance) can
be expected to have a positive association with credit ratings. Using Probit/OLS
regression for a sample of South Korean listed firms, a positive relationship exists
between Tobin’s Q and credit ratings. On face value, the results suggest that firms
with higher market performance are more likely to survive the business cycle. How-
ever, when the sample is divided into firms with a Tobin’s Q of 1<and> 1, mar-
ket performance does not have a linear relationship with credit ratings. Firms with
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Table9 Comparative Analysis Model

Ratings;, = fy + B TobinQ;, + p,Lev;, + p3SBTB;, + p,Borrowing;,

+ fsABDA,;, + BsTRM,, + f;Size;, + fsCurrent_R;,
+ foROA,; , + f1yBigOwn, , + fy Fore;, + ID + YD + ¢;,

Panel A: Investment grade vs Non — investment grade group

Pred 1G NIG
Intercept +/- —5.20%%* —7.56%%%
(—24.53) (—26.60)
TobinQ + —0.11%%* 0.23 %%
(=5.67) (6.24)
Lev - —3.77H%* —0.44%#%*
(—40.49) (—=17.09)
Sbtb - —0.00%** —0.00%%*
(—11.04) (—=6.13)
Borrowing - —0.20%%* —0.05%%*
(—4.47) (—15.06)
ABDA - — 1.57%%*% — 1.20%%*
(11.36) (-8.27)
TRM - —0.22%#% —0.30%%*
(—5.58) (—=5.04)
Size + 0.07%%%* 0.03 %%
9.36) (2.87)
Current_R + —0.00%* 0.04 %%
(—2.44) (8.64)
ROA + 5.34%:*% 3.26%**
(37.91) (21.15)
BigOwn + 0.33%%:% 0.24 %%
(5.35) (3.10)
Foreign + 0.44%3%:% 0.5]%%*
(5.24) (2.90)
ID Included Included
YD Included Included
Mean VIF 2.00 1.62
F value 142.75%%%* 40.02%%*
Adj. R2 0.5004 0.2809
Obs 7607 5484

* kR indicate significance level at 10%, 5%, 1% respectively

Refer to Table 2 for variable definitions

a Tobin’s Q of 1 <continue to demonstrate a positive relation, whilst firms with a
Tobin’s Q of > 1 demonstrate a negative relation. Firms with a Q ratio of 1 <are able
to repay investors’ equity share using assets, if investors were inclined to sell their
equity holding. Firms with a>1 are not. Therefore, firms with a Q ratio of>1 are
in a riskier position if investors decided to sell their equity share. The default risk
assertion of rating’s analysts is likely to be confounded as a result of potential over-
valuation/mispricing. The study therefore adds granularity to Tobin’s Q as a signal
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of default risk, and a firm performance proxy. The study also provides evidence that
credit rating agencies are nuanced when making default risk assertions, based on
Tobin’s Q status.

Second, to add robustness to the aforementioned finding, additional analysis is
conducted for firms with multiple Tobin’s Q levels. A positive relationship exists
between Tobin’s Q and credit rating for firms with a Tobin’s Q of 0.2 <. However, at
a Q ratio of above 0.3, the relationship between market Tobin’s Q and credit ratings
(risk) is negative (positive). The results suggest that for firms with relatively low
market confidence, but achieve a 100% asset to equity value increase (0.075-0.15),
the effect on credit ratings is highly positive. The results also suggest that a threshold
level exists, based on Tobin’s Q, at which the positive association between credit rat-
ings and Tobin’s Q becomes negative. To the best of our knowledge, this is the first
study to report that a ‘threshold level’ exists. To generalize this study, we encourage
future studies to capture whether or not a similar threshold level exists in other econ-
omies. Third, the study provides empirical evidence that in South Korea, the associ-
ation between Tobin’s Q and credit ratings is negative (positive) for NIG (IG) firms.
The result suggest that for NIG firms with lower market value and higher credit risk,
investor confidence has a significant positive effect. On the other hand, for low-risk,
high market value firm IG, the relationship is negative. The results therefore provide
further evidence that firm characteristics, based on Tobin’s Q, are included in rat-
ing’s analysts default risk assessments.

Fourth, weak financial legislation is shown to be a contributing factor in the 1997
Korean (Asian) Financial Crisis (Emst, 1998; LaPorta, 1997). Following the crisis,
South Korean legislators have implemented policies to enhance financial reporting
quality (Lim & Mali, 2020; Mali & Lim, 2018, 2019, 2020). The study therefore
provides academics with a basis to evaluate whether instances of national crises
can influence a rating agency’s perception about Tobin’s Q and credit ratings. There
is the potential that the positive association between Tobin’s Q and credit ratings,
becomes negative, in South Korea, because of market overconfidence and earnings
management, associated with the Financial Crisis. The 0.2/0.3 threshold level in
South Korea is lower than expected. We conjecture that in established economies,
it will be higher. We strongly recommend that comparative ‘threshold level’ analy-
ses investigate whether the credit rating/Tobin’s Q threshold level exists in the U.S.
and UK firms, and whether it is higher compared to South Korean. Evidence of the
aforementioned has the potential to offer insights to market participants about the
credit risk associated with investor confidence on an international basis, based on
firm-level data.

Fifth, in accounting and finance classrooms, Tobin’s Q is contextualized as a
proxy for market performance, with increasing market performance being a signal of
investor confidence. This study provides evidence that Tobin’s Q as a market perfor-
mance indicator should come with a caveat. More specifically, as Tobin’s Q values
become increasingly high based on investor confidence, credit rating agencies per-
ceive that a firm is less likely to survive a business cycle.

Finally, limitations are listed. First, the study uses the credit ratings of only one
credit rating agency (NICE). We are unable to utilize the data of other South Korean
credit rating agencies because of limited data unavailability. We encourage future
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Table 10 Leverage above median vs Leverage below median

Model
Ratings;, = fy + B, TobinQ; , + p,Lev;, + p3SBTB;, + pyBorrowing;, + fsABDA;, + pTRM,, + p;Size;,
+ PyCurrent_R;, + foROA; , + f,,BigOwn, , + By Fore;, + ID+ YD + ¢,

—Nit

Pred Lev above median Lev below median
Intercept +/- 6.05%** 6.41%%%*
(25.95) (36.05)
TobinQ + 0.49%%* —0.06%*
(12.20) (2.56)
Lev —0.48%##* —3.26%%*
(—14.15) (=23.11)
Sbtb - —0.01%%* —0.00%**
(—13.36) (—2.74)
Borrowing - —0.05%%%* —2.56%%%
(—12.82) (—26.10)
ABDA - —2.07%%:* — 228k
(—11.16) (—14.70)
TRM - —0.69%#* —0.24 %%
(—11.44) (—5.89)
Size + —0.07%%* 0.08##*
(=5.94) (8.46)
Current_R + 0.08*#%* —0.00%**
(7.60) (=3.27)
ROA + 7.29% %% 7.39%#%
(39.91) (53.96)
BigOwn + 0.34%%* 0.31 %%
(4.21) (5.21)
Foreign + 2.38% % 0.46%**
(13.31) (4.65)
ID Included Included
YD Included Included
Mean VIF 1.13 1.47
F value 403.52%** 959.20%**
Adj. R2 0.4044 0.6177
Obs 6550 6541

* Rk Rk ndicate significance level at 10%, 5%, 1% respectively

Refer to Table 2 for variable definitions

studies to repeat this analysis using a comparative analysis approach that includes
the credit ratings of various agencies. The result of such a study could be developed
into a rating shopping analysis to capture whether rating agencies accommodate
clients.

Second, the Tobin’s Q measure is strongly influenced by market capitalization
since the numerator of TQ includes the market value of common and preferred stock.
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Thus, pricing behavior in the Korean stock market may influence the results. Accord-
ing to Kim et al. (2022), the Korean market has been boxed during 2012-2016. They
also mention that active investors rather than passive investors dominate the Korean
stock market. Therefore, in this period, there may be a possibility that stock price
deviations from fundamental levels may affect the results.

Third, univariate analysis (Table 3) shows that the distribution of TQ appears to
be skewed. Although we winzorized data at the bottom and top 1% levels to control
for the outlier effect, the mean is 0.45, and the median is 0.32. Thus, firms with
high TQ may pull the distribution to the right. The standard deviation is also sig-
nificant at 0.48, therefore, the distribution of firm size follows a fat-tailed distribu-
tion (Gabaix, 2011), inferring that the behavior of some very large firms such as
Samsung electronics may have a significant impact on aggregate market trends. We
encourage future studies to repeat the analysis using international data to discover
whether the results are a universal phenomenon or only observed in South Korea.
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