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(Table 1) The Composition of Firm Sample

Firm number Observation number
All firms 930 14,520
Chaebols 242 3,224
Non-chaebols 688 11,296

(Table 2) Financial and Macroeconomic Variables

Variable | Calculation Method
Dependent Variable
DD R
Nondvoluntarlly 1 if non-voluntarily delisted, otherwise 0
elisted
Independent Variable
CO2 Carbon Emission/Revenue
E/S/G/ESG E/S/G/ESG Score
Analyst Analyst recommendation score (based on reports over the previous six months)
Coverage Strong Buy=5, Buy=4, Neutral, 3, under Weight =2, Sell=1
Financial Variables
Rating Firm's credit rating dummy (1 = BB or higher, 0 = below BB)
TDM (Current liabilities + Long-term liabilities) / Market capitalization
Profit (Operating income before depreciation) / Total assets
Assets Logarithm of total assets
Mature 1 if firm data has existed for 5 years or more, 0 otherwise
Mktbk Market capitalization / Total assets
ChgAsset Annual growth rate of total assets
Capex Capital expenditures / Total assets
Tang Tangible assets / Total assets
RD R&D expenses / Revenue
Unique 1 if the firm operates in aerospace, missile, aviation, computer,
semiconductor, or chemical-related industries; 0 otherwise
SGA Selling, general, and administrative expenses / Revenue
Cash Cash and short-term investments
Taxrate Statutory corporate tax rate
Depr. Depreciation expenses / Revenue
StockVar Annualized volatility of daily stock returns
Zscore Altman’s Z-score”
Stock Annual cumulative stock return
CrspRet Annual cumulative return of the stock market
Industlev Median value of TDM
industgr Median value of ChgAsset
Macroeconomic Variables
Termsprd Yield spread between 10-year and l-year government bonds
inflation Expected inflation rate
Macroporf Logarithm of annual net income of non-manufacturing firms
Macrogr Real GDP growth rate
Netpay (Cash dividends + Net increase in common and preferred stock) / Total assets
Other variables
Size Assigned 2 if the firm's total assets are in the top 30%,
1 if in the middle 40%. and O if in the bottom 30%
Growth Assigned 2 if the firm is in the top 30%, 1 if in the middle 40%,
and 0 if in the bottom 30%
High-Tech 1 if the firm operates in IT products or services, 0 otherwise
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(Table 3) Predictive performance for credit ratings - logistic regression model (train set)

99

index precision recall f1-score support
0 0.98323 0.78017 0.87001 2179
1 0.53942 0.95085 0.68834 590
accuracy - - 0.81654 2769
macro avg 0.76133 0.86551 0.77918 2769
weighted avg 0.88866 0.81654 0.83130 2769

(Table 4) Predictive performance for credit ratings - random forest (train set)

index precision recall f1-score support
0 0.99304 0.98164 0.98731 2179
1 0.93496 0.97458 0.95436 590
accuracy - - 0.98014 2769
macro avg 0.96400 0.97811 0.97083 2769
weighted avg 0.98066 0.98014 0.98029 2769

(Table b) Predictive performance for credit ratings - GBDT (train set)

index precision recall fl-score support
0 0.97920 0.99403 0.98656 2179
1 0.97666 0.92203 0.94856 590
accuracy - - 0.97869 2769
macro avg 0.97793 0.95803 0.96756 2769
weighted avg 0.97866 0.97869 0.97847 2769

(Table 6) Predictive performance for credit ratings - logistic regression model (test set)

precision Recall fl-score support
0 0.98305 0.90625 0.94309 960
1 0.71519 0.93776 0.81149 241
accuracy - - 0.91257 1201
macro avg 0.84912 0.922 0.87729 1201
weighted avg 0.9293 0.91257 0.91668 1201
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(Table 7) Predictive performance for credit ratings - random forest (test set)

precision recall fl-score support
0 0.92278 0.99583 0.95792 960
1 0.97576 0.66805 0.7931 241
Accuracy - - 0.93006 1201
macro avg 0.94927 0.83194 0.87551 1201
weighted avg 0.93341 0.93006 0.92484 1201

(Table 8) Predictive performance for credit ratings - GBDT (test set)

precision recall fl-score support
0 0.91939 0.99792 0.95704 960
1 0.98742 0.65145 0.785 241
accuracy - - 0.92839 1201
macro avg 0.9534 0.82468 0.87102 1201
weighted avg 0.93304 0.92839 0.92252 1201

(Table 9) Descriptive statistics of predicted default probability

Statistic All sample Involuntary delisted

Minimum value 0.000 0.384
1st quartile 0.029 0.777
Median value 0.202 0.949
3rd quartile 0.706 0.984
Maximum value 0.999 0.999
Mean value 0.355 0.880
Standard deviation 0.355 0.1326

(Table 10> Changes in the default probability of involuntarily delisted firms

Period (Yearly) t-4 t-3 t-2 t-1 t=0
Average default 0.774 0.787 0.829 0.853 0.880
probability
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(Table 11) Summary Statistics

- ESG &1, 0HEelAE AHBRIXl, BtAtiE HES

Seez

Variable Average Median Standard Minimum Maximum
Deviation
DD 2.97 2.046 3.2 -0.407 19.07
ESG 34.896 35.645 31.773 0.0 99.925
E 13.38 3.6 19.545 0.0 96.415
S 21.214 20.205 20.559 0.0 88.19
G 32.88 46.13 25.883 0.0 81.28
ROA 1.077 0.906 0.805 0.394 27.208
Tobin's Q 0.069 0.068 0.079 -0.217 0.886
Total asset 0.131 0.044 0.523 -0.483 34.362
Fixed asset(%) 0.877 0.333 3.085 0.003 136.532
Leverage 0.51 0.498 0.414 0.086 26.477
7, score 5.323 6.102 8.178 -31.516 227.539
Ind. leverage 0.549 0.532 0.097 0.429 0.769
Default 0.682 0.0 0.938 0.0 3.0
(Table 12) Correlation
DD ESG B S G ROA | Tobins @ | Total Fixed | Leverage | 7 score Ind. | Default
asset | asset(%) leverage
DD 1
BSG | 0.122" 1
E 0.00773 | 0.817" 1
S 0117 1 0.935™" | 0.814™ 1
G 0.140"* | 0.890"" | 0.604™* | 0.810" 1
ROA | 0584 |-0.00388 | -0.0862" | -0.00190 | 0.0140 1
Tobins @ | 0.506™ | 0.1447 | 0125 | 0.149"" | 0.0912"* | 0.319" 1 =
Total | 0.0481 |-0.0789™ | -0.0733™" | -0.0888" | -0.0840* | 0.0334 | 0.0823" | 1
asset
Fixed | 0.0467 | 0.0303 | 0.0669° | 0.0354 | 0.00340 | 0.0544" |-0.0257 |-0.0254 1
asset(%)
Leverage | -0.699™ | -0.152" | -0.0951" | -0.118"* | -0.151"" | -0.196" |-0.423""* | -0.0499 | 0.0104 1
Tscore |-0.0663" |-0.0147 |-0.0143 |-0.0411 | 0.0212 |-0.0301 |-0.0428 |-0.0153 |-0.366"" | 0.0299 1
Ind. | -0.0611" | -0.598"* | -0.377* | 0551 | -0.658"* |-0.0112 | 0.00346 | 0.0704" |-0.00884 | 0.0822" | -0.0253 1
leverage
Default |-0.396™" | 0.239"" | -0.216"" | -0.217"*" | 0.181"" | -0.0931""* | -0.306""* | -0.105"* | 0.0498 | 0.455"" | 0.0199 | 0.0334
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(Table 13) ESG & DD: All Sample

Variable DD
~0.001
B8G (-0.3)
, -0.010%** ~0.010%**
(-4.2) (-3.5)
o -0.004* ~0.006*
(-1.9) (-1.9)
o 0.004** 0.010***
(2.0) (3.9)
Default 0.059 0.089 0.056 0.088 0.155
clad (0.3) (0.4) (0.2) (0.4) 0.7)
Tobin's Q 0.253%** 0.245"** 0.249*** 0.247*** 0.222+**
opin s (5.6) (5.4) (5.5) (5.4) (4.8)
0A 0.445 0.509 0.449 0.451 0.543
(0.8) (0.9) (0.8) (0.8) (1.0)
Total assel ~0.251*** -0.264%** ~0.254*** ~0.253*** ~0.272%*
otal asse (-3.5) (-3.7) (-3.6) (-3.6) (-3.8)
Fixed asset(%) 0.003 0.005 0.004 0.003 0.006
(0.2) (0.3) (0.2) (0.2) (0.4)
. ~6.259*** ~6.254*** —6.247** ~6.265"** ~6.249***
everage (-21.9) (-22.0) (-21.9) (-22.0) (-22.0)
) 0.007* 0.007* 0.007* 0.007* 0.007*
seore (1.9) (1.9) (1.9) (1.8) (1.8)
L 22.671%* 18.604*** 20.525%** 27 257*** 24.839***
nd. Leverage (7.5) (7.3) (7.6) (8.9) (8.0)
Constant ~6.141%** ~4.012*** ~4.970%* —8.677* ~7.489%**
(-3.6) (-2.8) (-3.2) (-5.0) (-4.3)
Firm fixed effect Y Y Y Y Y
Time fixed effect Y Y Y Y Y
Observation 5915 5915 5915 5915 5915
adj. R-sq 0.737 0.737 0.737 0.737 0.738
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(Table 14) ESG & DD: Above Median Value of DD

Variable DD
-0.000
Esa -0.1)
B -0.012"** -0.013"**
(-3.4) (-3.0)
g -0.004 -0.004
(-1.1) (-0.8)
a 0.004 0.010*
(1.5) (2.5)
Default 0.168 0.242 0.170 0.206 0.338
(0.4) (0.6) (0.4) (0.5) (0.8)
Tobin’s Q 0.196*** 0.191%** 0.192*** 0.189*** 0.173***
(3.2) (3.1) (3.1) (3.1) (2.8)
ROA 0.812 0.928 0.823 0.822 0.974
(0.9) (1.0) (0.9 (0.9) (1.0)
Total asset -0.394*** -0.406™** -0.394"** -0.396*** -0.411**
(-3.0) (-3.1) (-3.0) (-3.0) (-3.1)
Fixed asset(%) 0.013 0.014 0.014 0.012 0.013
(0.6) (0.6) (0.6) (0.5) (0.6)
Leverage -8.557"* -8.602"** -8.550™** -8.585"** -8.663"**
(-16.1) (-16.2) (-16.1) (-16.2) (-16.4)
7 score 0.007 0.007 0.007 0.007 0.006
(1.3) (1.3) (1.4) (1.3) (1.2)
Ind. Leverage 33.850*** 28.383"** 31.356™"* 38.722%** 35.748"**
(6.5) (6.4) (6.6) (7.4) (6.8)
Constant -11.648*** -8.778"** -10.291"** -14.326** -12.853"**
(-4.1) (-3.6) (-4.0) (-5.0) (-4.5)
Firm fixed effect Y Y Y Y Y
Time fixed effect Y Y Y Y Y
Observation 3716 3716 3716 3716 3716
adj. R-sq 0.638 0.639 0.638 0.638 0.640
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(Table 15) ESG & DD: Below Median Value of DD

Variable AL
-0.001
E8G (-1.3)
. ~0.005** -0.005***
(-4.5) (-4.2)
o -0.002* -0.003"*
-1.7) (-1.9)
o 0.002** 0.005"**
(2.0) (4.3)
Default ~0.274%** ~0.270"** ~0.273** -0.263*** -0.253***
elad (-3.5) (-3.5) (-3.5) (-3.4) (-3.3)
Tobin's Q 0.202%** 0.182%* 0.197*** 0.198%** 0.154%*
oI s (4.1) (3.7) (4.0) 4.1) (3.1)
ROA 0.471* 0.477* 0.461** 0.467** 0.495%*
2.1) (2.2) (2.1) (2.1) (2.3)
Total asset 0.011 0.004 0.010 0.013 0.001
otal asse (0.5) 0.1) (0.4) (0.5) (0.0)
Fixed asset(%) 0.011 0.016 0.011 0.011 0.019
(0.9) (1.3) (0.9) (1.0) (1.6)
Lover ~1.638"** -1.626"* -1.635°** ~1.647* -1.616***
everase (-14.3) (-14.3) (-14.3) (-14.4) (-14.2)
7 oo ~0.001 ~0.001 ~0.001 ~0.001 ~0.000
seore (-0.4) (-0.3) (-0.4) (-0.3) (-0.1)
L 6.289*** 5.212%* 6.308%** 8.951%" 8.201%**
nd. Leverage (5.5) (5.4) (6.2) (7.5) (6.9)
Constant -0.998 -0.415 -1.005* -0 446%* -2.034***
(-1.6) (-0.8) (-1.8) (-3.7) (-3.1)
Firm fixed effect Y Y Y Y Y
Time fixed effect Y Y Y Y Y
Observation 2199 2199 2199 2199 2199
adj. R-sq 0.452 0.457 0.452 0.452 0.463
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(Table 16) ESG & DD: Chaebols

DD
-0.001
£8G (-0.3)
B -0.007** -0.010***
(-2.6) (-3.0)
g -0.000 0.004
(-0.1) (0.9)
o 0.005 0.005
(1.3) (1.2)
Control Y Y Y Y Y
Firm fixed
effect Y Y Y Y Y
Time fixed
effect Y Y Y Y Y
Observation 1393 1393 1393 1393 1393
adj. R-sq 0.814 0.815 0.814 0.814 0.816
(Table 17> ESG & DD: Non-chaebols
DD
0.004
E8G (1.6)
B -0.004 -0.006
(-1.0) (-1.3)
g 0.001 -0.003
(0.2) (-0.6)
o 0.003 0.006*
(1.3) (1.7)
Control Y Y Y Y Y
Firm fixed
effect Y Y Y Y Y
Time fixed
effect Y Y Y ¥ Y
Observation 4522 4522 4522 4522 4522
adj. R-sq 0.726 0.725 0.725 0.725 0.726
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(Table 18) Analyst Coverage & DD (without ESG)

Variable All L H Chaebols Non-chaebols
Analyst -0.043 0.156 -0.343 0.387*** -0.197
(-0.5) (1.4) (-0.7) (2.9) (-1.6)
Default 0.088 0.327 0.556 0.704 0.222
(0.3) (1.0) (1.2) (1.6) (0.6)
Tobin’s Q 0.635*** 0.503*** 0.676*** 0.967*** 0.596***
(10.8) (7.9) (5.6) (9.8) (6.0)
ROA 1.080* 2.251%* 0.516 1.021 -0.235
(1.7) (3.2) (0.4) (1.3) (-0.2)
Total asset -0.065 -0.080 -0.066 0.013 -0.190
(-1.0) (-1.2) (-0.5) (0.2) (-1.5)
e | O%0T | AT |l | omy | o
Leverage -7.598*** -6.729*** -8.192%** -7.218*** -8.491***
(-24.8) (-17.8) (-14.4) (-17.2) (-17.9)
7 score 0.000 0.003 -0.006 -0.001 0.006
(0.0) (0.6) (-0.9) (-0.2) (1.1)
Ind. leverage -3.107*** -3.159*** -3.332%* 2.026 -4.109***
(-4.2) (-3.7) (-2.0) (1.4) (-3.7)
Constant 5.738*** 4.946™* 7.170%* 2.599** 7571
(7.4) (5.6) (3.1) (2.4) (7.3)
Firm fixed effect Y Y Y Y Y
Time fixed effect Y Y Y Y Y
Observation 3596 1754 1842 1589 2007
adj. R-sq 0.785 0.838 0.760 0.829 0.768
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(Table 19) Analyst Coverage & DD (with ESG)

E Z4oZ2 107

Variable All L H Chaebols Non-chaebols
Analyst -0.238 0.137 -0.732 0.202 -0.381
(-1.5) (0.5) (-1.2) (0.9) (-1.6)
B -0.008** -0.008" -0.009* -0.012"** 0.002
(-2.4) (-1.7) (-1.8) (-3.1) (0.3)
q 0.000 0.003 0.003 0.007 0.002
(0.1) (0.4) (0.5) (1.3) 0.2)
o 0.013*** 0.033*** 0.003 0.011* 0.005
(3.0) (4.0) (0.6) (1.7) (0.7)
Default -0.470 0.767 -0.764 0.510 -0.954
(-0.8) (1.0) (-0.9) (0.6) (-1.2)
Tobin's Q 0.654*** 0.585*** 0.636"** 0.738*** 0.564***
(8.2) (6.1) (4.4) (5.8) (4.4)
ROA 3.610"** 3.990"** 2.301 4.065%* 2.473
(3.5) (2.6) (1.5) (3.0) (1.5)
Total asset -0.158* -0.339"** -0.027 -0.201*" -0.056
(-1.9) (-3.7) (-0.1) (-2.4) (-0.3)
ey | O |G| oms o | o
Leverage -8.139*** -7.456™* -8.709*** -8.109™** -8.400***
(-15.0) (-9.8) (-10.4) (-11.4) (-9.4)
7 score 0.009 -0.006 0.025 0.006 0.047*
(0.8) (-0.4) (1.4) (0.4) (1.9)
Ind. leverage 42 895 64.712"" 35.868*** 43.201"** 41.338***
(7.4) (5.9) (4.6) (5.1) (4.6)
Constant -15.517** -31.276""" -9.368** -17.323"** -13.437***
(-4.5) (-5.2) (-2.0) (-3.6) (-2.7)
Firm fixed effect Y Y Y Y Y
Time fixed effect Y Y Y Y Y
Observation 2105 801 1304 1004 1101
adj. R-sq 0.820 0.877 0.791 0.844 0.796
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(Table 20) Carbon

emission & DD

Variable All L H Chaebols Non-chaebols
Carbon emission 0.005 0.013 -0.013 -0.004 -0.028
(0.1) (0.9) (-0.1) (-0.1) (-0.3)
Default 2.348" 0.754 1.853 1.564 6.625"
(1.7) (1.5) (0.8) (1.2) (2.1)
Tobin's Q 0.560"** 2.824*** 0.498*** 0.802%** 0.410
(3.8) (3.7) (3.0) (3.6) (1.6)
ROA 3.598 2.118* 6.419" 5.057* 4.479
(1.5) (1.8) (1.9) (2.3) (0.8)
Total asset -0.248 0.452 -0.184 -0.206 -0.640
(-0.8) (1.1) (-0.4) (-0.8) (-0.8)
ey | | | o | om | o
Leverage =7.950%** -3.291%** -8.746™** -6.096*** -11.106***
(-5.3) (-2.8) (-4.8) (-3.9) (-3.4)
7 score -0.010 0.036 -0.024 0.003 -0.172
(-0.2) (0.8) (-0.5) (0.1) (-1.5)
Ind. leverage -1.094 2.113 -2.890 6.022** -19.836"*"
(-0.5) (1.3) (-1.0) (2.6) (-3.3)
Constant 6.477 -0.316 7.643*** 3.278** 17.609"**
(3.6) (-0.2) (3.7) (2.1 (4.7)
Firm fixed effect Y Y Y Y Y
Time fixed effect Y Y Y Y Y
Observation 592 122 470 378 214
adj. R-sq 0.868 0.750 0.821 0.906 0.800
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(Figure 1) Confusion matrix for investment grade estimated using a logistic regression model
(train set)
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Machine Learning Approach for Credit Risk Prediction
Using Non-Financial Data - Focusing on ESG
Performance, Analyst Coverage, and Carbon Emissions

Jeong Hwan Lee* - Jin Hyung Cho™*

Abstract

Previous research has inadequately explained the relationship between non-financial information
and credit risk due to the selective assignment of credit ratings to firms. This study addresses
this limitation by employing machine learning techniques trained on firms past credit ratings
and using the resulting variable as a control to analyze the relationship between non-financial
factors and credit risk, measured by the distance to default (DD).

The key findings of this study are as follows. First, using a sample of involuntarily delisted
firms, we confirm that our trained machine learning model effectively captures default patterns.
Second, we find that governance (G) among ESG factors significantly reduces default probability.
In contrast, social (S) factor, analyst coverage, and carbon emissions do not show a significant
relationship with DD.

This study makes several contributions. First, by employing a machine learning framework,
our research extends beyond the traditional focus on bond-issuing firms. Second, we highlight
that specific ESG factors, particularly governance (G), should be incorporated into credit
rating assessments along with traditional financial indicators. Third, our research provides an
analytical framework for examining the relationship between involuntarily delisted firms and

their financial performance.

Key Words: Credit Information, Credit Risk, ESG, Analyst Coverage, Carbon Emissions
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