DEBEris

=i 22-47-01-13 The Journal of Korean Institute of Communications and Information Sciences ’22-01 Vol.47 No.0l
https://doi.org/10.7840/kics.2022.47.1.98

221 PEEEFS TEI VI AR vl AT

A Study on Corporate Credit Rating Model Using Ensemble
Model Based on Error

Yong-hwan Kim®, Do-hyung Kim", Jae-hyuk Heo™, Gwang-yong Gim’

B Aol 719 ALgErkEe] e A7) siste] 2428 3
VH elegst 2a2e 5909 Tdjciele youe] piuge Hs w3
WA 3317 718 F 1295 716] o BgaHon, 108 ATHEE FESA, 319] FOIT HAT 4
Wajo] 7wz sk wY wEAgch AFRY A o PPERYL A FasEs) adel
poejs) sl oln A|FelAR $43 AE TAE WAL e 2A2Y Sk Akl 4ol
MAE e, X128 377 7= A HEE S ZIcks W] AgsrinE o wme] &8 s1eAS F

g 4= 9k

lmr

Key Words : Corporate credit rating model, Logistic Regression, Random Forest, Gradient Boosting

ABSTRACT

In order to study the improvement of the corporate credit rating model, the three single models of logistic
regression, random forest, and gradient boosting and the error ensemble model combined logistic regression and
gradient boosting were optimized and the discriminative power of each model was compared in this study.
1,295 companies out of 33,317 companies were used as samples. Each models are optimized 31 significant
variables selected by reviewing 108 financial ratios. As a result of empirical analysis, error ensemble model
had a limitation that it had excellent performance only in some indicators compared to random forest and
gradient boosting. But error ensemble model’s overall performance was improved compared to logistic
regression, and from the viewpoint of strengthening the interpretive power of logistic regression, its

applicability as a credit rating model could be confirmed through this study.
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Fig. 1. Composition of corporate credit rating model
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Table 4. Sampling data Distribution
Normal Default
Companies | Companies Total
Development 453 453 906
Validation 195 194 389
Total 648 647 1,295
65 AT W 93
Table 5. Financial ratio variables
Variable Variable Name
X1 Growth rate of total assets
X2 Growth rate of property, plant and equipment
X3 Growth rate of current assets
X4 Growth rate of inventories
X5 Growth rate of stockholders’ equity
X6 Growth rate of sales
X7 Growth rate of operating profit
X8 Growth rate of net income before tax
X9 Growth rate of net income
X10 Increase in number of employees
X11 Operating profit / total capital
X12 Net income before tax / total capital
X13 Net income / total capital
X14 Net income / total capital
X15 Corporate net profit margin
X16 Operating return on operating capital
X17 Return on Equity Ratio before tax
X18 Return on Equity Ratio
X19 Return on Capital Ratio before tax
X20 Return on Capital Ratio
X21 Net Sales before tax margin on sales
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X22 Net Sales margin on sales X64 Non-current liabilities / Net working capital
X23 Gross profit margin on sales X65 Net working capital / Capital
X24 Operating profit margin on sales X66 Reserve ratio
X25 Resin ratio X67 Retention ratio
X26 Cost of sales ratio X68 Retention / total Assets
X217 Depreciation expenses ratio X69 Reserved amount/Paid-in capital ratio
X28 Depreciation expenses/total expense ratio X70 Total C/F to Debt Ratio
X29 personnel expense/ftotal expense ratio X71 Total C/F to Borrowing ratio
X30 Taxation/Net Income Before Tax Ratio X72 Total C/F to Capital ratio
X31 Taxation/total expense ratio X73 Total C/F to sales Capital ratio
X32 Financial expense/total debt ratio X74 Net C/F to Borrowing ratio
X33 Average interest rate on borrowings X75 Total Capital Turnover
X34 Financial expenseftotal expense ratio X76 Equity Turnover Ratio
X35 Financial expense/sales ratio X77 Capital Turnover Ratio
X36 Cash flow and compensation ratio for X78 Net Working Capital Turnover Ratio
business activities X79 Management Capital Turnover Ratio
X37 Operating profit interest compensation ratio X80 Non-current assets Turnover Ratio
X38 Current interest and compensation ratio X81 Tangible assets Turnover Ratio
X39 Net profit and compensation ratio before X82 Inventory Turnover ratio
corporate tax deduction -

X83 Goods Turnover Ratio
X40 Dividend ratio : X

X84 Raw materials Turnover Ratio
X41 Dividend payout ratio : :

X85 Work in process Turnover Ratio
X42 Debt Service Coverage Ratio

X86 Accounts receivable Turnover Ratio
X43 Debt Service coefficient

X87 Payable Turnover Ratio
X44 Loan efficiency coefficient -

X88 adjusted Inventory Turnover
X45 EBITDA/Sales(pre-tax profit) - ;

X89 Net operating capital turnover
X46 EBITDA/Sales

X90 Value added per employee
X47 EBITDA/financial expenses

X91 Sales per employee
X48 Shareholders’ Equity ratio :

X92 Net income before tax per employee
X49 Current ratio

X93 Net income per employee
X50 Quick ratio

X9%4 personnel expense per employee
X51 Cash ratio

X95 Labor equipment ratio per employee
X52 Non-current assets ratio : . .

X96 Mechanical equipment ratio per employee
X53 Non-current asset long-term suitability ratio S -

X97 Capital intensity per employee
X54 Debt Ratio

X98 Total capital investment efficiency
X55 Current Liabilities Ratio

Gross value-added to property, plant and
X56 Non-current debt ratio X99 equipment
X57 Reliance on borrowings Gross value-added to machinery &
. s . X100 .

X58 borrowings / stockholders’ equity equipment
X59 borrowings / Sales ratio X101 Value-added ratio
X60 Trade receivable / trade payable ratio X102 Labor income share
X61 Trade receivable / Goods ratio X103 Composition ratio of net income before tax
X62 Trade payable / Inventories ratio X104 Composition ratio of personnel expense
X63 Inventories / Net working capital X105 Composition ratio of Financial expenses
102
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Table 6. Financial ratios by each categories

No of . . . .
Category variables Major Financial Ratios
Shareholders’ Equity ratio,
Quick ratio, Non-current assets
Soundness 2% ratio, Trade receivable / trade

payable ratio, Retention ratio,
Reserved amount/Paid-in capital
ratio, etc.

Average interest rate on
borrowings, Dividend payout
ratio, Debt Service Coverage

Ratio, EBITDA/Sales,
EBITDA/financial expenses,
etc.

Profitability 17

Total Capital Turnover,
Activity 13 Inventory Turnover ratio,
Payable Turnover Ratio, etc.

Value added per employee,
Net income before tax per
Productivity 10 employee, Gross value-added
to property, plant and
equipment, etc.

Growth rate of total assets,
Growth rate of stockholders’

h
Growf 37 equity, Growth rate of sales,
potential .
Increase in number of
employees, etc.
Total C/F to Debt Ratio,
Cash flow 5 Total C/F to Borrovﬁng ra.tio,
Net C/F to Borrowing ratio,
etc.
Total 108
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Fig. 2. Conversion of the original financial ratio
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Table 7. Final Variable Selection Criteria

Step Major Financial Ratios

Adjust the outliers value to the values
corresponding to the bottom 2% and
top 98%

1.Outlier
adjustment

1.Satisfy T-TEST
2.Satisfy  the significance of the
2.Univariate | regression

analysis coefficient of the simple logistic
regression model
3.AR 20 or more & K-S 15 or more

Grouping variables that have high
3.Correlation | correlation(over 0.7) and select the

analysis variable with the highest discriminative
power for each group
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Table 9. Statistics of the final candidate variable

Simple
Category [Variable Variable Name Mean E;i?i?;: 1}?;: AR | K-S pT\_/:;ite Rlegfsi:i)cin
p-value
T35 |Financial expense/sales ratio 199 | 2.14 |0.87(55.96|44.69| <.0001 | <.0001
T48 |Shareholders’ Equity ratio 2.09 | 3.59 |0.38/77.81(62.18| <.0001 | <.0001
T50 |Quick ratio 2.00 | 2.17 |1.13|55.89|43.45| <.0001 | <.0001
T52 |Non-current assets ratio 2.10 | 2.68 |0.93/63.57|53.79| <.0001 | <.0001
Soundness | T54 |[Debt Ratio 2.12 | 3.06 |0.82|71.51{60.11| <.0001 | <.0001
T56 |Non-current debt ratio 2.05| 2.11 |1.26/52.59|44.06| <.0001 | <.0001
T60 |Trade receivable / trade payable ratio 1.97 | 1.43 |1.18|35.53| 29.6 | <.0001 | <.0001
T67 |Retention ratio 2.17 | 2.89 ]0.69|45.14|4591| <.0001 | <.0001
T69 |Reserved amount/Paid-in capital ratio 2.09 | 3.04 |0.75/68.12] 52.1 | <.0001 | <.0001
T18 |Return on Equity Ratio 2.06 | 2.60 [0.82|57.06(49.86| <.0001 | <.0001
T23 |Gross profit margin on sales 2.02 | 1.65 |1.37{37.48|27.38| <.0001 | <.0001
T30 |Taxation/Net Income Before Tax Ratio 2.61 | 1.49 |3.91/33.08(23.45| <.0001 | <.0001
T33 |Average interest rate on borrowings 1.92 | 1.53 ]0.96]41.87|36.24| <.0001 | <.0001
Profitability
T41 |Dividend payout ratio 197 | 0.86 |2.42|21.42|21.39| <.0001 | <.0001
T42 |Debt Service Coverage Ratio 2.17 | 2.46 |1.04|56.61|42.82| <.0001 | <.0001
T46 |EBITDA/Sales 228 | 222 [1.07|45.21|38.39| <.0001 | <.0001
T47 |EBITDA/financial expenses 229 | 2.15 |1.40(53.32]43.69| <.0001 | <.0001
T75 |Total Capital Turnover 1.94 | 0.77 |1.61|20.71]16.66| <.0001 | <.0001
Activity T82 |Inventory Turnover ratio 1.92 | 098 |1.38]27.18|22.68| <.0001 | <.0001
T87 |Payable Turnover Ratio 1.96 | 1.44 |1.30|35.98|28.42| <.0001 | <.0001
T90 |Value added per employee 1.90 | 0.63 |2.27|20.04|16.38| <.0001 | <.0001
T92 |Net income before tax per employee 2.18 | 2.53 |[1.21/60.46| 43.8 | <.0001 | <.0001
Productivity T99 gqucl)is;me:lrtalue—added to property, plant and| 189 | 068 |242023.66/19.32] <0001 | <0001
T100 |Gross value-added to machinery and equipment | 1.90 | 0.64 (2.39(21.92]| 18.7 | <.0001 | <.0001
T1 |Growth rate of total assets 2.01| 137 |1.36/31.91(26.72| <.0001 | <.0001
Growth T5 |Growth rate of stockholders’ equity 2.06 | 2.14 |[1.26/50.63]43.46| <.0001 | <.0001
potenti-al T6 |Growth rate of sales 1.96 | 1.05 |1.64]27.73|20.79| <.0001 | <.0001
T10 |Increase in number of employees 1.94 | 095 |1.7723.89|16.32| <.0001 | <.0001
T70 |Total C/F to Debt Ratio 2.02 | 2.66 |0.84/66.84(52.76| <.0001 | <.0001
Cash flow | T71 |[Total C/F to Borrowing ratio 228 | 2.40 |1.31]56.18(42.57| <.0001 | <.0001
T74 |Net C/F to Borrowing ratio 1.99 | 1.22 |2.10|33.55|25.76| <.0001 | <.0001
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Table 10. Variable selection result for each category

No of |Univaria-|Correlati-| discrimination

Category |Variab te on power
-les | analysis | analysis | AR K-S
Soundness 26 20 9 58.46 | 48.43
Profitability | 17 32 8 43.26 | 35.40
Activity 13 7 3 27.96 | 22.59
Productivity | 10 6 4 31.52 | 24.55
Growth |57 | 4 | 3354 | 2682

potential
Cash flow 5 5 3 52.19 | 40.37
Total 108 74 31
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Table 11. Multiple Logistic Regression Estimation
Results

. Variable Regression
Varialbe | Category Name coofficient P-value
Intercept <.0001

T6 Groth Growth rate of 71368 | 0.0046

potential sales
Average
T33 |Profitability [interest rate on| 0.2512 | <.0001
borrowings
Divi

T4l |Profiability| °V9M 14046 |0.0172

payout ratio

T48 | Soundness | SPArOers™ |6 2087 | <0001

Equity ratio
Trade

receivable |
trade payable
ratio

T67 Soundness |Retention ratio| 0.2706 | 0.0248

Net C/F to
T74 | Cash flow | Borrowing 0.0743 | 0.0072
ratio

T60 Soundness 0.2405 |<.0001

Inventory

. 0.2463 | 0.0054
Turnover ratio

T82 Activity

Net income
T92 |Productivity| before tax per| 0.2748 |<.0001
employee

12, 27128 39128 4%
Table 12. Logistic Regression Model Performance

Category V;Eiiizztisn Development | Validation
Continuous AR 86.62 84.94
model K-S 73.29 68.64
Accuracy 85.54 83.80
Binary Precision 85.46 84.66
classification Recall 85.65 82.47
F1 Score 85.56 83.55
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Table 13. Random Forest Model Performance
Verification
Validati
Category Statistics Development alidation
Continuous AR 99.80 85.13
model K-S 96.47 69.68
Accuracy 97.79 84.32
Binary Precision 96.96 83.42
classification Recall 98.68 85.57
F1 Score 97.81 84.48
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Table 14. Gradient Boosting Model performance

Category Perforn.lance Development | Validation
metrics

Continuous AR 88.34 85.31
model K-S 75.28 69.15
Accuracy 87.20 83.80
Binary Precision 85.62 81.95
classification Recall 89.40 86.60
F1 Score 87.47 84.21
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Fig. 5. Error Ensemble model analysis process
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Table 15. Error Ensemble model performance

Category Perrioel:r?::w Development | Validation
Continuous AR 88.72 84.97
model K-S 77.26 71.21
Accuracy 87.53 85.09
Binary Precision 87.95 85.05
classification | Recall 86.98 85.05
F1 Score 87.46 85.05
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Table 16. Comparison of each Model’s performance
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classifi- T41 2 26.
t Recall 82.47 85.57 86.60 85.05 0 638
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Table 17. Evaluation ranking of each model‘s
performance T74 1.6 1.0 9.3
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