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Fig. 1 The principle of indicator system of debt rating for small enterprises
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Table 2 Credit scoring using Probit analysis
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Table 3 Index set of credit risk evaluation chosen extensively for small enterprises
(1) (2) (3) (4) (5) (6) (7) (8)
1 Cl 6-11 21-22
24 6-8
25 Q2 6 9-11 24 Probit
40 Bl 10 24 26
4l a3 6-1 24
50 A 10 24 26
51 4 6-11 Probit
59 N 24 26
60 9-11
B2
70 6-11 24
71 9 24 26
B3
83 10 24 26
84 6-11 Probit
B4
97 6-11 24 26
98 A2 6-10
BS
102 6-9 26
103 8§-10 24
B6
106 6-11
107 B7 / / 6-11 24 26
3.2 4
Table 4 The distriction of small enterprises by the standard of Ministry
1) of Industry and Information
1) (2) (3) (4)
( P 30 1 6 495
2 0 192
5 1 000 3 3 154
. ( 4 7 151
9 5 0 101
6 |(1231 14 81
7 0 20
30 8 ) 0 16
9 R 0 11
N 12 10 4 7
4 2 : 11 1 3
3 . 4 12 15 1814
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Table 5 The original data of indicator of credit risk evaluation for small enterprises
(b)|(c) v
a h
8 () (0 o0 - w (1)
(<) max(v,)
@)) | (119) (1197) . (1231) min( v;)
200410270004 X2012060800099 200410090044 X2010121600004
1 | 0.643 0.556 0.640 0.197 0.95 0.01
Cl |4,
2 0.306 0.010 1.125 0 4.09 -3.75
.| |Bi
20 X, EBITDA 0.043 4 0.003 0.031 0.000 6.15 0.00
21 @ 1y, 0.078 4 0.003 0.054 6 0.000 L.02 0.00
34 [ 5 13.194 1.937 0.048 335.03 0.05
1AL
43 Xy —1412.309 7.500 —2.546 0 1398.07 |-1412.31
4 c4 | Xu 0 0.023 0 0 4.09 -1.00
48 Xy 0.076 0 1.251 1.810 6 75.54 -78.55
49 Xy 137.45 139.5 127.96 130.1 165.10 65.71
50 B s 23 388.05 64 380. 629 23 388.05 50 113.69 | 86 009.91 |3 718.05
51 X5, GDP 15.2 13.5 15.2 15 27.86 8.20
52 X, 100. 6 105. 4 100. 6 100.2 121.4 98
53 X 9101.35 24 276 9101.35 19 014 36 230.00 |3 058.00
54 X, 39.4 37 39.4 37.9 54.30 31.40
B3 2 <
55 Xss =8 =8 =8 —_— —_
<5
64 Xes N P
| | B4
71 X 46 50 78 47 78 15
[ ]A2
B5
75 Xos N P
B6
71 X5 N N — —
B7 > 000 000 12 000 000
81 Xg, / / ( ) e —_—
12 000 000
5 000 000
82 Y — 0 0 1 1 — —
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Table 6 The data a fer standardized of indicator of credit risk evaluation for small enterprises
i
(a)| (b) | (¢ (d) (f)
(e)
(1) (1 196) (1197) (1231)
200410270004 X2012060800099 | 200410090044 X2010121600004
1 X, 0.327 0.419 0.328 0.804
] Cl
2 X, 0.517 0.480 0.622 0.478
20 X, EBITDA 0.007 0.001 0.005 0.000
21 QX 0.077 0.003 0.053 0.000
" Bl
33 X33 0.005 0.028 0.003 0.000
34 [oc . 0.015 0.039 0. 006 0.000
43| Al Xy 0.000 0.505 0.502 0.503
44 [0/ I . 0.197 0.201 0.197 0.197
43 Xug 0.510 0.518 0.521 0.549
49 Xy 0.722 0.742 0.626 0.648
— B2
52 X5, 0.976 0.976 0.976 0.951
54 Xs, 0.651 0.755 0.651 0.716
55 Xss 1.000 1.000 1.000 0.400
1 B3
63 Xes 0.667 1.000 0.000 0.000
64 Xea 0.900 1.000 0.000 1.000
1 B4
71 X7 0.970 0.848 0.000 0.939
— A2
74 X 0.400 0.400 0.000 0.400
75 BS X5 1.000 1.000 0.000 1.000
76 Xog 1.000 1.000 0.000 1.000
71 Xo 1.000 1.000 0.000 1.000
7 B6
80 Xyo 1.000 1.000 0.000 1.000
81 (B7 X1 / / / 0.650 0.000 0.100 0.000
82 ¥ — 0 0 1 1
3.5 Probit 1) 7 Cl
Probit 7 16
(9) ~ (13) Stata
“Cl1 7 Probit Probit Probit
9 3 ~ 6
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Table 7 The partial correlation coefficient of indicators in “solvency” criterion layer
(1) (2) (3) (6) (12) (20)
X, X, X5 | Xg < X :| X5 EBITDA
()X, 1.0 — — — — —
(2) X, -0.011 -1.000 — — — —
(3) X5 -0.006 -0.072 —-1.000 |- — — —
(9) X, 0.997 0.015 0.007 -0.024 — —
(11) Xy, 0.001 0.007 -0.008 [~  0.036 — —
(12) X, -0.069 -0.110 0.114 0.163 - 1.000 —
(13) Xy5 -0.031 -0.025 -0.054 |- 0.091 -0.056 —
(14) Xy, 0.003 0.077 0.716 -0.049 -0.107 —
(15) X, 0.001 0.023 0.064 0.003 -0.016 —
(19) X, 0.007 0.934 0.084 -0.327 0.056 —
(20) X EBITDA -0.006 -0.278 -0.206 [~ 0.727 -0.121 -1.000
8
Table 8 The deleted indicators by partial correlation coefficient
(1) 0.8 (6)
3 1 5 2 (7)
) . (3) (4 5 (5)
a a Ty
1 X 0.0297 |X, 0.029 9 0.997 |4,
2 X, 0.0295 |Xyo 0.0120 0.934 |Xy
314 0.1679 |Xi 0.000 0 0.716 |Xi4
4 |Xg 0.047 8 |XyEBITDA 0.034 4 0.727 |XyEBITDA
2.4.2(1) “ Sig > Probit
0.01 Sig ”
9 6 Sig >0.01 “X, 69
7 Sig Probit “X,
” [5G ”»
N XZI
“C1 ” 16 46
15 3 8 “Probit 7 “
2) ” R “ 9 23 3
“Xz ”» 8 “« ”» 23
“c1 7 15 12 b ~ e
Sig 0.01 Probit B
0 1 ~ 16 SE, Wald
[ ” 113 ”
Cl . B
« ” Sig 0.01 . B
10 15
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Table 9 The parameters of indicators in Probit model
(1) (2) (3) B | (4 SEg | (5) Wald (6)Sig ()
1 X, -0.183 1.771 0.01 0.918
2 X5 1.343 0. 384 12.23 0. 000
3 X, -0.784 0.713 1.21 0.272
4 X5 -0.720 0. 833 0.75 0. 388
5 Xe 0.279 1. 693 0.03 0. 869
6 X, —-1.306 0. 863 2.29 0. 130
7 Xg 0.423 1.038 0.17 0. 684
8 Xy 0. 882 0.510 2.99 0. 084
9 Xyo -3.987 1.232 10. 48 0. 001
10 X -0.349 0.617 0.32 0.572
11 X1, -0.423 0.502 0.71 0.399
12 X3 0.308 0.589 0.27 0. 601
13 Xis -3.374 2.878 1.37 0.241
14 X6 0. 832 0. 646 1. 66 0.198
15 Xy -0.292 1.012 0.08 0.773
16 Xig -1.876 1.961 0.91 0.339
10 Probit
Table 10 The delete process of indicators using Probit model
(@ |3 [ 4 |5 | (6 | (7 | (8 | (9 |(10) | (1) | (12) | (13) | (14) | (15)
1 2 3 4 5 6 7 8 9 10 11 12 13 14 15
X,
1 oo — | — | — | — | — | —| —| — | — | — | — | — | — | —
2| X 0. 000 | 0.000 | 0.000 | 0.000 | 0.000 | 0.000 | 0.000 |0.000 |0.000 |0.000 |0.000 |0.000 |0.000 |0.000 |0.000
3| X, 0.272]0.261|0.239 | 0.236 | 0.263 | 0.297 | 0.212 | 0.179 | 0.102 |0.076 |{0.109 | — | — | — | —
41 X 0.388|0.391 |0.389 | 0.376 | 0.373 | 0.320 | 0. 324 | 0. 165 | 0. 026 | 0. 013 | 0. 021 | 0. 018 | 0. 026 | 0. 032 | —
51 Xs 0.869(0.898 — | — | — | — | — | — | —|—|— | — | — | — | —
6| X, 0.130{0.130 | 0.133 {0.073 | 0.081 | 0.072 | 0.057 | 0.051 |0.047 [0.013 [0.028 |0.097 |{0.235 | — | —
7| X 0.684/0.58810.591(0.6210 | — | — | — | — | — | — | — | — | — | — | —
8| X, 0.084|0.084 | 0.084 | 0.072 |0.079 | 0.080 | 0.058 |0.086 |0.077 [0.100 [{0.071 |0.180 | — | — | —
9| Xy 0.001{0.001 {0.001 | 0.001 | 0.001 | 0.000 | 0.000 |0.001 |0.000 |0.001 |0.000 |0.000 |0.000 |0.000 |0.000
10| X, 0.572|0.555(0.565 (0.540(0.65%6 | — | — | — | — | — | — | — | — | — | —
11 T 0.399|0.403 |0.402 |0.414|0.412(0.414(0.3%4 | — | — | — | — | — | — | — | —
12| X5 0.601{0.594 {0.591 {0.598 |0.6360.696 | — | — | — | — | — | — | — | — | —
13 Is 0.241]0.241 {0.239 {0.240 | 0.238 |0.241 |0.246 (0.2 | — | — | — | — | — | — | —
14 * 0.198|0.198 | 0.199 | 0.186 | 0.189 | 0.191 | 0.168 | 0.153 | 0.166 {0.262 | — | — | — | — | —
Xy
15 0.773/0.781(0.806 | — | — | — | — | — | — | — | — | — | — | — | —
6] 0.3390.340 | 0.343 [0.231 | 0.260 [0.241 [0.257 |0.249 [0.340 | — | — | — | — | — | —
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6 : Probit
3.6 ROC
3.5 23
6 (9) ~ (12)
Probit (10)
P(y,=11X). P(y =11X) =0.5
, P(y,=11X;) <0.5
11
Stata
11 : Probit
21 11 1 3 ROC
) Fig. 3 ROC curve
1193 1n 2 2 : - 37
(21 +1193) /1 231 =98. 62%.
23 . D
1 23 Probit 23 6
% 12 1 - 1231
Table 11 Classification using Probit regreesion by 23 indexs (16) - (17)
Probit w, 12 f
(1) (2) (3) 2 b
(1) 21 14 35 -
2 3 1193 1196
E3; 24 1207 1221 21 -8
0.056 + -+ +0.027 =0.44 12 9 -
ROC Gy 23 0.008 + =+ +
0.024 =0.56 44%
C, P(y,=11X;) =C,  Probit 56% .
11 0.5 11
1 (14) =21/35 =
0. 600; 2 (15) =
1193/1 196 =0.997; ROC
(1 - ) = (1 =0.997 )
0.600)  (0.003 0.600).
23 2 1 -~
) 23 f (18)
ROC 1-
: Rroc 2 =0.065x,  ++ +0.027x, ; +
3 . Stata ROC e +0. 024, | (20)
12 1 ~ 1231
3 ROC N (20) 0 1 z;
AUC =0.987 6 >0.9. 13 3 13 3 z;
23 (19) 0 100 S,
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Table 12 The weight of information of indicators and the data after standardized of credit rating for small enterprises
(a)| (D) | (¢ (d) ) i 5C
(e) y (1) a2z (g) (h) (1) ) (k)
! 200410270004 X2010121600004 | character) |( capacity) |( capital) [ collateral) | ( condition)
1 cl \ 0.056 0.000 1.000 v
2 0.105 0 0.049 0.070 0.013 Y
3 . 3 0.061 0.038 0.000 v
. @
0.173 Y,
6 b 0.007 0.552 0.49%8 2
(6]
7 0.440 X, 0.135 0.015 0.000 vV
- 0.135
| | A1
4
8 X 0.027 0.271 0.283 V
0.027
9| 0-619 X, 0.008 0.72 0.648 vV
B
0.025
n X5 0.014 0.182 0.481 VvV
12 Xgs 0.024 1.000 0. 400 v
B3
0.226
14 Xo 0.035 | 0.500 0. 000 vV
15 B4 X 0.027 1.000 0.700 vV
20| A? 0.233 Xy 0.042 0. 400 0.400 vV
BS
21 X 0.025 1.000 1.000 vV
0.025
|_10.285
B6
22 X 0.027 1.000 1.000 vV
0.027
23| B7 0.024 |X, 1/ 0.024 0. 650 0.000 vV
1~ 1231 6.
3.8 % 1231
13 5 ~ 8
AAA
13 5 AAA 202
13 202 AAA i AAA 1
100 55. 66 AAA
55.66 <S<100.
AA A .-+ C 8
13 8
4 1231 LGD 13 5
Fig. 4 The LGD distribution of 1 231 small enterprises
2.7 13 7 LGD
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13 5 4 . . “
4 N 7
13 1231
Table 13 The credit rank result of 1 231 small enterprises
(1) (2) (3) z| (4) S| (5 (6) (7) LDG (8)
1 200902020002 0.62 100
AAA 202 0.135% 55.66<S<100
202 X2010010500014 0.37 55.66
843 X2010052500006 0.26 35.61
A 13 2.838% 35.27<S5<35.61
855 X2011080900034 0.25 35.27
856 X2010082700003 0.25 35.25
BBB 93 3.196% 30.77<8 <35.27
948 E2011070600042 0.23 30.77
1138 | E2011082400024 0.14 14. 06
B 31 5.529% 12.09<S5<14.22
1168 | E2011052000002 0.12 12.09
1169 | E2010092500037 0.12 11.84
ccc 10 8.305% 11.37<S5<12.09
1178 200507120023 0.12 11.37
1195 | X2011010600003 0.12 10. 69
C 37 18.882% 0<5<10.84
1231 200411040001 0.06 0.00
3.9 3 5C ( condi—
1) 5C tion) 12k
2)
12 g ~ k
23 “5C 7
23
A “ 7 N “ 7 N “
4 5C 7
( character) 12 g . 12 9 ~
N 12 11
5C ( capacity)
12 h
N 3
5C ( capital) 12 i . 3.7(1)
56%
5C

( collateral) 12
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The debt rating for small enterprises based on Probit regression

CHI Guo-+tai ZHANG Ya-ing SHI Bao-feng
Faculty of Management and Economics Dalian University of Technology Dalian 116024 China

Abstract: Debt rating of small enterprises means a system that evaluates the size of a small enterprise’ s credit
level and LGD ( Loss Given Default) . It concerns the risk management of bank loans and whether small enter—
prises can get financing. Therefore the indicators of credit rating must be able to identify the status of non—
compliance of small enterprises. Existing credit rating system aiming to rate scale and sort does not evaluate
the size of a debt LGD and does not give evidence that its rating system is relevant to identify non-compli—
ance. This article selects a index system according to the ability to identify the default status of enterprises
and establishes a credit rating system of small enterprises. This article has some innovations and features.
Firstly the paper deletesan index whose F-value is small and whose ability to distinguish the status of non—
compliance of small enterprises is weak between one pair of highly related indicators which have partial corre—
lation coefficients greater than 0.7 and reflect the duplication of information. This avoids information redun—
dancy of the rating system after first section and at the same time avoids mistakenly deleting the index that has
a big influence on the status of non-compliance. This paper improves the situation that existing credit rating
system’ s selection is unrelated to the ability to identify non-compliance. Secondly the paperbuilds the Wald
statistic to test for the significant of the Probit regression coefficient B through solving the regression coeffi—
cient B and the standard error SEj of the regression coefficient between the default state variables and eval-
uation and deletes the index that has a small influence on the status of non-compliance and whose regression
coefficient B is not significant. The index can distinguish significantly the status of non-compliance of enter—
prises after the second selection. Thirdly the AUC area of the indicator system’ s experience curve built by
this paper is greater than 0.9 and this guarantees the index system has a strong identification ability for the
status of non-compliance. Fourthly the results show the weight of the non-inancial indicators for small enter—
prises having a higher the credit rating and lower LGD in the credit rating system is 56% . Finally the em-
pirical analysis for 1 231 small enterprises shows there are 23 indicators involving the quick ratio total asset
growth industry sentiment index which can be used to distinguish the status of non-compliance of small en—
terprises.

Key words: small businesses; debt rating; data mining; Probit regression



