X3 55 - 5L AR EA B T O £ b 455 55 R AL I

5 P A BT 38000 Al Aot 55 @ BL

— R THRENEF IR N Z R

T

A8k, & O#, FHEA, EF

[(WE] SHASVHABEMN SRR HREI G LGS ANEAEXY H, EAEFN
BHERNTERAERDZRAER T AXRTLFEENERSEAAH KA T IHHE
WLHET - &8 N E A WA TN AR £ ML 2007—2023 F A R EHA LW
AN B R BEAR,F ] Logit A RFH# A 5 XGBoost # A M7 2 7 4 W 4% 4 & AL 42 & 5 5 F
SHAP BN BEN FH , FARK T % Logit B A SN BEFIHAE TN L r &
WER PN TEAREERNEERBSFREE RS AN ZENELERF, TER
R, EAFEREATNGSFENEAEENE, S BEARERTAESFANAE LS
oo FESAKT o E AR L AKTE T A B R TR SR TN O KR e g
o H—FNEBBRE LA EFLEHNERAURS YA RH R =BT EBH#ATHNE
P EARMERTAFAT AR RALBNED FAAMECE 2 HNED HATHE S
BEEHNEACLEARMNK A ER, AXUEARENTNE,BET HFE AT
MIETER, W EHESLHERSAR AXBIIRAGERERET LHET

[xgiR] SEALY; SHESLERT; HGHEAEI; THENEF

[(FESES]F272 [XBEERIRB]IA [XEHS] 1006-480X(2025)07-0174-19

—. 3lF

SR A AR SR R MR A 2R RS S TR A SRR R AR R R . 2023
AF R g G i AR 2 CEEOR, T O o < T A AT D7 VT R i R RURS: o 2024 4F N R AT 4 R AR
SE TAE 22 UCHE W, 17 2 4 4 il XIS M I 3P Al HE 20, e 0 U LR 1) | R e B BR R AR 1K
BT X < R i IR A T R e BE L . I ST SR R s o SR 2 B AT AT R 2008
AERY 157% L TF 2 2024 4F 14 286% . 5 I [RII, Ailb 6 36 SROPR 319 1 A 5 e v AR 1R 2200 50 55 AU 4

[KFBH] 2025-01-21

[(E€MB] ERESBIETE S H Al 4 3167 55 %A B85 A K AR AL 5 A 20 8 57 (k5
22AGLO11T) 5 o e e A5 e AR BL Ml 55 2 T00 1 £\ A2 P 8 55 AT AT 1) il R 80nE R SIAIL ol 5 A A0 0 48 (b v 5
2023CDJSKJJ20) .

[(EEEA] Xk, EREKELTS TRHEHAE AR WS, S 5, ERKRELF S TR
EI R LR R BRI T RFE S =g, B M S, R KRR S LG
Be i+ ®F o0 A4 . IRVE - 2505 4R, T B4 : drlihaoran@163.com . &I B 44 P18 & 52 1 4 563 10 52 5 0 UL

XHE A

174



TR E R oseg

PR Qe AR DAL T A S AT | B 24 A DR R AR AT 45 55 R A B B 4R BIOR BT B, AN (H ™ T ALl
H B0y & J T HLIE o 28 T B 25T B AL O RGeS Rl o 5T, A far 58 35 IR D0 AL Al R
Sl 2 B A R Al 1) 5 55 Fe WL S0 AR AR i — A A 20 e 2 118 300 S [ 8

AT HE T AL AR5 21 09 f5 55 fa L T 0T 90 8 28 8 08 0 Ry o i it 55 A L 1Y i 2B (L 2R F
ST 2 ML 2 S 0 45 5 8 W N8 B R 20 Tl 47 4 W 55 SO R AT 0 T AR TR 2 At R Al £5E 55
FEHLAY LA o ARk, BE AT R N T8 RE A4 3% 2 K R, B8 20 W 52 R ] SHAP nl it BEAIL 4% 7 > 7 1%
X TR 45 2R FEAT TR B R (R R 55, 2024) o IXORAXERTE T AL A AT R A L SO ALAR e I ALY
LR N R/ S ol B S 1 B3 S (W VNN S 28y, Sy e N S DG G R e S R AR % R e
RZR B R LA 2 2] B R ) i B S AT AR B R 2 UL o A Sl M, B WF 5 K 22 5 01 I 18 il 4 4 il
SE AR, LLG IT R SRAE S 32 S B R IR AT SN, T A A ol S A I A R E S — AN R AT
L% . WG I 55 e Ridad — R iR o0 & K B A R 5 2K 1A R B S Uit
A 0T DT 4 1 52 B B2 P A9 AR JF 55 AR 00 o R T, 3K — 5 ok AR A AT gl B Ml S 3K T AR PHURRAE AR R Y
TR o AN B A B WL A3 A A S5 XU AR BE 2 ) R A3 A AR R B AT O AR B2 F A
B oA (R F5 A5, 2017) 45 o St , AR SC LA P 46 5 B 25 0 BROE L A VR W8 A 1T 3 BROE A5 8 M B e Oy
WEIEMAE , 1 £ 51 ASE R AR H AR R R A A Ml A5 55 e DL T B A

H i, o 4 R 22 B b T A w28 R R AR s AR R (5K el FTRG 1 6, 2012) o AR (A 2
THAEN )Y 78 S, 4R W BE 28 ) B AR e 28 v 2 U 28 T S0 A o 3k B T AN 25 45 JBOE I BE 7 24 )
B G ZR IR, i S B AT Al Ao 55 5 B 0 I, T 75 O 51 55 FE ML B e R R PR . — T D, A AT B Al
ST O RS /ARSI E 2 o R/ANC IS /AT R R 20 & \W/ARSI B P P & &S VIO I N /AT B ool D e B E AR A
F, 3X B 2 25 KSR BA 51 55 BYFLAT R RN , BIAE 523 ) S5 it 47 95 Fl ¢ 1) KR Ak |, & 9724 W)
T3] LA IR B $EAT 5 55 7 9k o RALBE 2 20 2wl AR F 0 B 20 5) (0 5 5 mh e 2 4L T AT Ag L s
T AR 55 KU (223 SR 55,2008 ) o [R) I, 4 7 35 25 A8 3 A7 7E T A AL B0 4 AU — SO v 3L ) L
ARt s w) PR A S PR A RN AR R BE ARG RAT— U M S E B L A B m o I, 4%
J IBEZR B AT ) P G 00 42 T SO0 4 P S it 48 25 A o8, 4 W AE B B AT RE S AL 2 T AT R R
B BE T o BEBEE (XD A R 4R, 2016) , JE 5 A Al i 55 fE L. o5 —Jr i, B 1 B Al mT L)
it 3 3 2l St A AR BEAS T 4R A R 2D 4R R B AR R AR B 20K . Friedman et al.(2003)
Tt L 4R N TR RE 720 ) ) A A K AR B SCHE o B8 4 ST Y 52 w) Al DA 3o [ B 20 ) 3 £ B
R DY 3 5 7 2N A T s M (BRSO ™ 46, 2021) , 2,78 H B 96U B 2 15 ) DA AE 2 ) s H At 24
A WA BB o X — AL A B T 0010 5 A1 YR B IR A R ] AHAE 2 DR 35T 3 I, X 8 P R AL B A4
DAL AT B T B 51 28 /) B9 5 55 KRS 9 B (S AN 45, 2017) o it Ah , B P AL Al 3 AT DS ok oA 9 O
R R PR AL T Bt s AN B 4 . 5N ERBE AT A 8], Ailk 5 A0 3 At AL TE) A7 7 e 2K 1 05 B
XFFR AT N AU # A BRBEVERBE T, T X0 4 AR 5 Ba e 40 OR A9 5 AT, 4RAT 45 SR IR AL A 1] Sy
HARAE T 200, — S A L 230 5 U PR UE SR 1k (ABS) (RS FRIE H 1 S0 1A (SPA) S5 RRIR 1 %8 AR 52
VETI7 AR BN 2 AR 4 . X S ATy R A P B Al a8 1 o 8 XU, i, 0 0000 JH Ao 55 fe ML L
HEZEMNE.

BT & IS S N AR T AT 3 B A STRIMT 1 48 P AL Al S BT 55 19 K R R A
PN P B8 A o3 A A 4R R | P U 43 TC LA R A B B R 4R 2 I S T D, B T 8 A RE A% S b £ AT
FRERFE AR BEJS L 456 0 WA Al 98 77 B i R K P 8 B RRIE S48 bR, R T AZ S8 1Y Logit BEAY |
Fifi L #% AR (Random Forest, RF )& 7 01 8% w5 4 BE 2 F+ 4% (Extreme Gradient Boosting , XGBoost ) #& % 7

175



X3 55 - 5L AR EA B T O £ b 455 55 R AL I

Ay ot 55 FEHL . e e FERL bR SCR GE M LA T AL AR 5 2 7 15 S5 AL 58 Logi 18] 51 16 T AR 5 figt
BEOTYE L 2E S . R, A SCE A SHAP Al i BEHLAR 7 > 073k ety 1 5 AR AL 36 b 00 = 221k ik
¥ EEPRHE SR AR 5 055 fE L2 [ A AR LM 56 R 45 o ZERR MRS 38 v, AR S i A2 e B i 27 ~J B
Y SR FHIRE 8] P 910 8 80 F00 7 3k G 6 5 28 3 393 00 28 T B 4 ot 55 A AL RE i Ty 5L 2 ] SR S SR AR
RO 1B A5 5 i R R BRI B IR B . B AR SCHE— 2 B ERIURE S A7 AR B 1A A L K Al
AU = A2 T A AT 20 A, 5 55 T BRSO 80 1 AR Ak

W5 4 B, 2 TR A 8 B 6 Al R SR Y Bt 55 FE LA B 28 J00 BE g, 300 28 g 5 L A il
P A B SN £ A OC A BE i A RRIE SR AL AR AR A 2 o Hoh SR AT BUK P ) BE LS R AR 200K
e R0 T A AR B K V- A R 0 Al Aot 55 S AL A TN A (R A o A BUBRAR AL £ KF- 1] A
B AOK 5548 b5 5 A 57 55 fa WLE AT B B Y U L7 OG 3R 30 S 48 A 78 ML 27 > HE B o Xof 350 0 5% 55
FENLE K A=A B TTRR , (HAE Logit HE AL b ) H 2P AR W AR . A48 B8 15 o1 55 S AL 18] o A7 76 A )
FREE R AR M S R o i — 2B 9% S TR, 4 P49 AE X645 55 A ML 0% 50000 B T3 7 AS [) 26 780 4 AL I A7 7 25
5 R BE 2 AL, X RE 2 E) S B BT AR A 4 A U BE g B 16 B 2w Sy SRR SR
A DAL 00 250 2R A 555 5 DA BT AR TR, X 2 )l RS 6% 41 P N R T i T X T 8
A r 0 AR P T R 5558 5 A Aol L BN B X PRAT AT Al 2 B R I A 4R AT B RE
B, T X DAY LA ol 8 e ™ 114 4 P 00 00 AR o

ASCEA VAT bR Tk OF & 7 4 HARIE AR bR B9 20 BT HE SR S8 bR iR R o BT BFSE R 2 I A
— AR A T SR AT O (58585 ,2023) 10 28 G Pk A B4 AT R I 18 B O AT S AR BE = o AR SC LA
& T AT IS 5 N AR BT AT 3 BRGSO AR PR BEAS o3 A1 A DA R A AR AT D R U
TiC L 2 B2 P A 3 8 5 e 2l DU A i 1 T 8 AN AR HUARIE S A , W TR SR RT S A 2 . @i T
Xof £ VARE AIE i b AR 2 P S0 (6L 9 AR o DA X 43 P 289 A M A8 0T 5 DA [l 090 Oy = 203 A T
B, ) 4 7 B 2 R e A R e TR PSR OO 1A I 45, 20185 KA W55, 2024 ) | P B3 A T 37 BE 45 42 =5 43
PBE AR (R A 45, 2014) A8 [R] T, B A5t IE AR OC S GUM SC A B 4598 . AR SCIFIR IR ISR R 36 1 ax 4
AR5 G55 FEHLZ 8 AR LR 56 & X X 5K & BUA B 58 4 WO BT i B o e Ah , A S0 A BB AR AL
g 0] 28 T BE A AR ARTE AL A% 2 > P AT E B A AR R AN (B, T 7R Logit 5484 vp g 25 PEAAIG , %
WY LA SCHR T RE 2240 1 5 BE 8 b o ot S5 SE AL B TN AL g . AR w4 AR Al £ 55 & BIL B F 5 N
B o RSO EEBWURE E L A5 B A8 AR LR Al 21 S =AY B2 48 ATEAT 1 40y, e B4R T
R AE AR AR TE RE 2> B S £ B S 20 B A Al R B R A LA Al R X £ 5
FEHLITN AE J) S5, HE — 2 TR T XS R WAL AP ag AT i R IR . @RI ] SHAP o] fift BEHIL 45 2%
Tk BRGERT B T AL G (0] YR A5 Y 5 AL 48 ~ o AR e FUUI 5 T R 22 5 o DAAE R AR AL 4% o ) S
FIRIEFE O T 0 i BERLAR 7 > D7 WA B (77 K9 45, 2024 ; Sun et al., 2024) , 420 KM%
GE Il H 5 2 S ML o 2 7 R Z A 22 S . AR SCHO RO iR T = AR A IO ROR S RE I SHAP
WO A b 1 B A5 7 TR 22 5 BHE ST i 2 T A S i S S L AR A ) WS AU R OR LAY
B Al i BRI A o 21 7 1k B — A e 5 0 .

= XEER G HE A

1. 3Bk 4R A
Al A5 55 & B B0 T T 5 0 e T L < il A AR R B ST R 2 — o Al s 2 i AU

176



TR E R oseg

O AR A 2 B 4 28 LAY Altman B Merton #5125 | 350 SEHIF 5 LA 81 B AL A 40 B T 5 A% JE B
AT A BOILAF8 b X £l A3 55 fe WL 52 ) 10 % s ol oAt 05 18T 5 B RN A B . 228
LIS A D 28 S o | AL [ o o | AR B P 1= I NG 1L K NI (E R B e S 5 o T = RO
UM AT 38 A7 A sRBOE SR B A) 8, X LA HE 46 Am 1R A JE M OC R 528 B OC &, HLAE %) ey 2
BE o I 2 E I 5 B LA R, R BB TS 4 AR BN | RO T AR e N A, TE A
T A 0 S TP 5 5 A ML M A T T R .

H AT, A 222 8 IR AL & 2% > RIS 4l 3 2 k7= 25 B 2 A7 W0, 75 4347 i £ b 47 1E K 8K
P8 Sy 4 TH T WO A HER 2 . 1 Bertomeu et al.(2021) & B, 4 2% > 7 B R0 1 R 23 A 4R 0
REJT W E LT Logit LAY . IR [E 78 45 (2024) i & 1 — B34 T E T S 0 ML FEAE R bR 20 G, OF 2
F Stacking BB IF & T 4F & b [ 17 3 R AE B Al i 24 TN AR . B AT R N TR BE 1Y 2%
Lundberg and Lee(2017) LA & fE [ 28 30 S SEAI 2 T SHAP J7 3k, I Jhy 20 1 A5 70 A A5 70 422 1L 17
ARSI, e T SHAP IR e MESC o E LI RN b AR 22 N SHAP 7 Ik X HL AR 2%
) T 45 S AT % R (Sun et al., 20245 75 KRG % ,2024) 30 T HLER 2% > k38 FHVO . 8k,
N LA 4 28 55 4l ) 0 T, 3 FH V2 SR 19 2 Ml 1R R A 4 A A R, O A B P A R 1 AL 28 2
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K CSMAR B8 7 5 20 B Ui A7 31 0 55 108 4 G 1 50040 ok [ CNRDS B4 122 5 22 W 28 55 5 Wby 22 U 0%
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B R /NTRE LA SE f 11 A R K. 2 [0 H ZR B0 IR I, 48 B A B8 R, T SHAP B8R &y , FEAR &2 2E
155 FE ML AT BE VR B R, S Z IR K o Logit M 84 v, £ A 73 UK SF- 2 48 DAL A5 AIE 435 A i XoF F0T00 435 2R 52
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Can Business Group Characteristics Help Predict Corporate Debt Crises:
Empirical Evidence Based on Explainable Machine Learning Models
LIU Bin', XU Shun', LI Hao-ran’, DONG lJin-ting'

(1. School of Economics and Business Administration, Chongqing University;

2. School of Accounting, Chongqing University of Technology)

Abstract: Business groups are economic entities composed of a parent company and its
controlling subsidiaries, and most listed companies in China operate as groups. In recent years, many
large business groups have experienced debt crises, making the prediction and prevention of debt risk in
business groups an urgent problem to address. The internal structure and capital management of these
groups significantly influence their debt risk, but few studies incorporate relevant indicators in debt
crisis prediction.

Based on pyramid structure and internal capital market theories, this paper develops a framework
in four dimensions: capital distribution, control mode, internal resource allocation, and external
resource leverage. Additionally, it designs a predictive system with 8 group-specific indicators and 35
general enterprise indicators. Then, it develops debt crisis prediction models based on Logit, Random
Forest, and XGBoost models. Using a sample of Chinese A-share listed firms from 2007 to 2023, this
paper compares the predictive and interpretive differences between the conventional Logit model and
machine learning models, and analyzes the importance ranking of group indicators and their nonlinear
relationships with debt crises using the explainable machine learning method—SHAP.

This paper finds that group characteristic indicators have significant predictive power for corporate
bankruptcy and default. The predictive effectiveness of these indicators is comparable to conventional
metrics such as internal governance, external stakeholder governance, and executive characteristics.
Notably, indicators such as the level of decentralization, dividend payouts to the parent company, and
equity investment in subsidiaries show a strong predictive ability for debt crises. Some indicators such
as minority shareholder equity and the level of loans to subsidiaries exhibit a clear U-shaped
relationship with corporate debt crises. These indicators contribute significantly to predicting the debt
crises within a machine learning framework, but they are less important in a Logit framework.
Additionally, other indicators display varying degrees of nonlinear relationships with debt crises. The
above conclusions remain valid after conducting five robustness checks: replacing the machine learning
model, using rolling time series forecasting, predicting long-term debt crises, changing the forecasting
target, and employing accumulated local effect graphs. Further research analyzes the group indicators
from three perspectives: headquarters’ functional positioning, communication costs, and
organizational boundaries. It finds that indicators on group characteristics are more predictive for groups
with investment-type headquarters, geographically dispersed subsidiaries, and state-owned enterprises
(SOEs) that have undergone the “Lean-and-Heal Reform” , compared to those with entity-type
headquarters, centralized subsidiaries, or SOEs before the reform.

The main contributions are as follows. Theoretically, it constructs an analytical framework and
indicator system for group characteristic metrics, enriching research on debt crises in group enterprises
and deepening the understanding of the nonlinear predictive value of indicators on group characteristics.
Practically, it optimizes conventional debt crisis prediction models, providing valuable insights for the
selection of indicators, model construction, and methodological approaches in corporate debt crisis
forecasting. This offers important empirical evidence to assist enterprises in preventing the occurrence
and spread of debt crises and enhance regulatory authorities’ efficiency in supervision.

Keywords: business group; indicators on group characteristics; debt crisis; explainable machine
learning
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