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As the closure rate of small and medium-sized enterprises (SMEs) in Korea rises, there is a growing need for
models that can predict closure risk in advance. Prior studies rely heavily on financial statements that are
often unavailable for SMEs, limiting their practical relevance. This study addresses this gap by using online
consumer behavior data as a proxy for SMEs business value and integrating them into a Distance-to-
Default (DTD) - based structural model to assess closure risk, while accounting for regional heterogeneity.
Using SME-level data, the proposed approach significantly outperforms existing methods, increasing the
area under the curve (AUC) by 0.20 and recall by 21.8%. Long-term risk level, short-term risk trend, and
regional cost conditions emerge as the most important predictors, and the model achieves a recall of 80.3%
for four-week-ahead predictions. Overall, this study presents an online consumer data based early warning
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system that offers practical implications for policymakers and financial institutions.

Keyword: Small and Medium-sized Enterprises Closure Prediction, Distance-to-Default, Customer-Based
Brand Equity, Consumer Behavioral Data, Early Warning System
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4.1.3 DTD A4k

Adjust p,., — D.Soft_w

DTD;; o

Ui,t_w (3)

712 DTDE 4] (3)¢] Jei= A8 A7 we
rolling window Z71(F ©@9)E 9n|sla, u
rolling window W AR (9] Hitolx, o F
71zt #ZFH A} Bharath and Shumway (2008)

e rr

o] "Bl B wek B HEAN A A
0|3 AR £EA HA L A

4.1.4 DTD 3t4 "=

DTD_ly_cost;; = DTD;zn

DTDj. e —
4

DTD.,_
DTD sloped;, = it—a8
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71% DTD A4S vlgez F 711 A 34
A4S AT DTD 1y coste 52F rolling
window®= AlAHE H& ZF DTDZ, Merton
(1974)9] 714 Ap7px|oF B3 5] #AE W
g 17| ARAEE ongitt. 1dolehe 7Rk
A A F719 A B
< 7FsstA @t} DTD sloped® < 453 DTD
#el WgkE Uehlle Ygxzeltt. o]= Duffie and
Lando(2001)7} 7223 DTDY] &2 ¥t 29l
TV FQsithe o4 A3 7|vkeitt

I3 A9 24

=

o o

| 5 s

Al

&

¢

o
=

487
3]
h=

offt

rSL'd
ol
!

e

o

b

T
g

=)

3
=i

o,

i

offt

7

P{Closure]-_”_,, = 1)
= f{DTD_ly_costj_t, DTD_sloped; ;. cnst_smre,-_t}
(6)

Lok

=
wm e )

9 R 7] HZ SR ot 2
& ez 5@ 5 A} (Closure ., = 1)
A Ald 12 45 F H4 oS Ui
olg W (1=#4d, 0=A&)°|", f(- )& Random
Forest, XGBoost, Logistic Regression ¢ &/

dueFoR ggHE Y gt

fr rlo

4.2 Rolling Window &3} & A 4H
DTD 714414 rolling window 27]% 23]
37 v 2t trade-offE A et UF &
windowte UA1A W] siA wzsia, U
7 windowe A4 98 As2 LA 7 e)

4

=
ATE A2 470 o) 527714 45 WAee

ol
o i 3 rlo &
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24301 WX ofS: Distance-to-Default 21} AH|X} HE Cf|o[E{2] E3tX X2

187 77+ AAste] H A windows B3} 7t
window Z71¥ & 5-fold AlAIE w52 AA8)

of 574 oy & og A4 ZHE A gt
T8 4% AREE AUCE AHEs, Hx AR
Precision, Recall, Fl-score= 37 a3t of
A int oy} oy 248, AN 384, 27
15 7Fsd & AFA Al 37 B7Hi, =3
35 window®} 24 window 7+ AUC zkele] &
AR f2d A% A3l DeLong test(DeLong et
al., 1988)% sds3itt. DeLong teste €43
H2E A9 A€ F ROC 349 AUCE Hlu
ohe vl A% WlolH, foeE a = 0.058
7o ® At 2y FAA FolAd

AR 5e4% FPHoR nde 4ey 94

2

fl

i

(parsimony principle)& &8t} Bharath and
Shumway (2008) 7} A|Al gk ve} o] m|A| g 4d5
ol F7H4Ql Hlole 4 HlE, AN B3, <
A 59 v &2 et E THHE HUt

ot

o

RO\

oA # )& FAAEY. DTD 719 W4 3
(DTD_Basic) 23k DTD A3 (DTD_ly cost,
DTD sloped) 9} B4 EAM<=(cost,_score) & T4
Hr}, Y3 dolEe 9} FYe oS dug]FE A3t
of ¥ HIYS A4 vludezi, DTDY ¢4

] W A xe] @ G 94

A A5 4 stk DTD ¥Ee 542 133t

2
=
i)

7HA % vl wsl9ith. Random Forest
T 2t AeAE 23 gAY A FeAel A%
3, XGBoost® #Hi A5 B4< A3t nx=slid
PdE 7ot} Logistic Regressione 31471
S 71 AY 89 g9E fEl], SVME e
A gg 94 wo g yetelett. 72t duelE
U2 FQ sto|favE s HAgeta, FHgx &
8L 12k class weight 232 &3t}

AL wAHSS S8 FAEE AT, 27
2HA e AEES} AdEY] d30] 8
SRR Fl-Score ozt WL Agaict. A&
291 0.5 1 YA Y EdFol vE 2}
ol mEslA] gornw F1 HZHIE Ed A4 u

e ESSENEE AL A [
2~

-
e =

o

Y

6.1 7= % Hiole &4

(E 2) 434 Z2 2% ¥ HE

4T #3K | WE %) |F9E%)
=44 135,915 85.3 3.52
& 19,408 12.2 3.39
W& S 2,354 1.5 3.74
s 1,051 0.7 3.79
% 459 0.3 2.95
A AR S 175 0.1 3.59

HZF A oS 153,291 #54(3,00870 4

1159



AE T 78 g doEn 1:1 miAE
A deRE HHH AEo] S o|FEF A
gout, HAH dAle AFL7AR #35E 1 AE o
Ae A AT 713 st BSHEE A5 &
Ae Fq B #5A] HlEo] o 3.5%=E YENT
deHZE 44 85.3%, v8Y 12.2%,
T 1.5%, 590 0.7%2 F3=en, 454 94
& S99 3.79%, nS-E 3.74%, =24
3.52% o E e GF 1t Afo|7} =4 Wit
£ DTD W] 71357412 A Ed DTD 1y cost

ER
]O—l

o] it 14.943(FFAA 13.086) 2 $9 2
£ B3t} o= tHPrE— AFRle] Aoz kA

[o

=

gk Aol AT e 1%’464 qAZE A
Uepdtt, DTD_slope49l B 0.13(FF

>1-> o
_>‘J_<l

8.742) % AR ¢ter WslE EOW o Hs
-320.37314 HHgk 246.8067149 STk 4

T QAN 54 DTD Wsht S AlARIT)

(8 3) F2 DTD #

0.149(%=¥=} 0.372) % v
Hyow perf scoreE it
58) =

23% 3 BEE F

cost_scorev Hit 1
3| o]-7é;<4L B2IE
20.525(FFHA} 4.2
Tkt

5.2 DTD 249 &3

(& 5)& DTD_Basic?} Traditional ¥4 3 ge
d3 4o duelSHE Hud A%RE AAgT
Random Forest E4lo]A DTD Basic AUCZ}
0.671°14 0.8712 Skt Adigk 71 0.200<]

WAES Helom F1-Score 9A] 0.39794 0.614
2 ket 8] AdE-S 0.585904 0.8032.
Astel AA 04 GAE AHee o] A3ty

Atk XGBoostlA = DTD BasicE AUC 0.721
thH] 0.811, F1-Score 0.429 thH] 0.560L.2 A4t

7.9]0] HE'. /H‘* ‘61:/\1-0] -14-7LE]Oi‘:]' E12%] Logistic

T2l 7lz S

Variable Mean Std. Dev. Min Max Obs
DTD_ly_cost 14.943 13.086 -1 383.541 153,291
DTD_sloped 0.13 8.742 -320.373 246.806 153,291

cost_score 10.149 0.372 9.186 11.305 153,291

perf score 20.525 4.258 4.913 37.345 153,291

(E 4) 5 7|gnt M&E 7|Y¥e| F wig= Hlw

Variable HA7I9 Ht AEZSY B TH% pak Cohens_d
DTD 1y cost 12.843 15.019 0 -0.166
DTD_sloped 0.044 0.133 0.3774 -0.01
cost,_score 10.156 10.148 0.1363 0.021
perf_score 19.451 20.564 0 -0.262
log review_score 0.207 0.486 0 -0.338
log click score 4.403 4.781 0 -0.224
log dwell_score 14.842 15.297 0 -0.214
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AMZ0l HE oS Distance-to-Default 23} 24X} #E Ho[E{e] &

=

Bx m

(Z b) DTD_Basic vs Traditional == 2§t M5 H|n
e HER R AUC L= A& F1 Score A
Logistic Regression Traditional 0.557 0.213 0.787 0.335 0.409
DTD Basic 0.533 0.196 0.918 0.324 0.273
Random Forest Traditional 0.671 0.301 0.585 0.397 0.664
DTD Basic 0.871 0.497 0.803 0.614 0.808
VM Traditional 0.524 0.191 1 0.321 0.198
DTD Basic 0.577 0.237 0.541 0.329 0.583
XCGBoost Traditional 0.721 0.326 0.628 0.429 0.683
DTD Basic 0.811 0.502 0.634 0.56 0.812

23 1. ROC Curve H|&: DTD_Basic vs Traditional
Best DTDAUC = 0,871 | Best Traditional AUC =0.721

True: Posilive Rate (Sensilivity)
- 4 o

050
False Positive Rate (1 - Specificity)

= Logisic Regression = SVM
A
m— Ramdom Forest - XGBoOS!
B4 LY — DTD_Basc = Trachional

(3@ 1) ROC Curve H|m: DTD Basic vs Traditional

Regression®lAl+ DTD Basic® AUC7} 0.5332
2 Traditional(0.557) ti¥] &Z 7Asigion,
F1-Score 94 AR & AT SVME
74 DTD_Basic A4 Al AUC7}0.524¢l14 0.577
2 Z7kete AT A B3t

(£ 6)& o¥ad ZaE due|Fdz Qs
DTD A9 A% ado] v4dd ¢aelE(Random
Forest, XGBoost)ellA ZA| UYehhs vhd, Ay =
3 (Logistic Regression)olX= AlgHdE

=
o ol2ig duelFE s Afole 724 299 7

AYSIATT Hp5A M35 20269 6¥

SZ(DTD sloped)’, ‘A
= AR o

p
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18
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ofo
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Sty g]= Traditional AUC | DTD Basic AUC | Traditional F1 Score | DTD Basic F1 Score
Logistic Regression 0.557 0.533 0.335 0.324
Random Forest 0.671 0.871 0.397 0.614
SVM 0.524 0.577 0.321 0.329
XGBoost 0.721 0.811 0.429 0.56

e
hiipd
lm

gel wet g2}t Random Forestt
XGBoost= ¥4 7+ HIHE dsaes Ao
¥ 5 9lom DTD 1y cost®t DTD slope4,
cost_score 7re] ZAF #AE gFFo=ZH DTD
ZYdHAe] JEE Hrp anHor &gt} v
A Logistic Regression< W2 A8 AguHE 3
ote 724 AR &, HAEA AV EA
& 9le
gt} o] <&l DTD Basice] 224 #3o
© o] HdyA] gerh e, DT
= 22 PF HolHE 724 28918
Cae A7 71 & AU, 1 8Fe

¢ 5EE 2E LudIn 29 W Y

W)

=
(e
0

5.3 DTD Basic 2 &z} & ofF ojALE

(& 7)< DTD_Basic ¥ gl digt gl
d g vwd Zelth. Random Forest’} AUC
0.871, F1-Score 0.614% 7% 58 455 29
o, XGBoost+= AUC 0.811, F1-Score 0.5602
Z FHAZ 22 4% B9t Random Forest
= XGBoost 8] AUCZF 0.81114 0.871% 57}
a19em | F1-Score 94| 0.560914 0.614% &

A9t} F duelE BE A wAE g5 5
Qe GHE JHolAR, E Aol DID WFEL
1162

ofn] ZAA efwle] wet FEA 0 HolEo] glof &
A oaF HARthe w34 Bes §3 ol ¢
FHHor AEd Ao gAEtt w& Random
Forest® W $8% a4l Arjzez Fgzolzt
= AellA (Breiman, 2001) 27|75 A|xHe] A
7Fs/8 FHAME A& 7HT olef et & A

+ Random ForestE #3 2d = Mgt}

(¥ 7) DTD_Basic 22| ¢12|5Y 4= H|uw
Rk AUC [#H% |A&8£ |F1_Score
Random Forest |0.871(0.497|0.803| 0.614
XGBoost 0.811]0.502]0.634| 0.56
SVM 0.577]0.237]0.541| 0.329
Logistic Regression|0.533]0.196(0.918| 0.324

(£ 8) i 3L % oY

=9 W TR AT LE(%)
1 |DTD_ly cost| 232.931 36.2
2 DTD_sloped | 219.4374 34.1
3 cost_score | 190.4377 29.6

(% 8)2 Random Forest ZdojA 2&d ¥4
FOEE AR DTD 1y cost7} 36.2%% 3
Aoz Vg e $2EE Bom, DTD sloped
(34.1%), cost_score(29.6%)7} H& <At Al
o] Fowt HlwA #3e olFe e dAl 9
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2AZ0l HE 0% Distance-to-Default

ZYI} AH[A}F #E Hlo[Eo] SRA H2

Rolling Window 37|0]| 2 0% 45 A3t

065
-
Klo
RO 063

059

057

Fa AUC (5-Fold m X}

055
0 10 20

061 m

30 40 50

Rolling Window 37| (F)

(a& 2) Rolling Window 37|of| 2 AUC 3} 30|

7, 919

045—7@&

HSE Al A1 HE gdo] Ja R
A& AJARRIEE DTD 1y cost
S8 5E Merton(1974) 23<] a4
] 948 o]l 243 HA o S
AUEeR 25ds ofn|g
7S SEG Adrs FYE
A ool A, ulzbA ofF
s8] Ere HE Wity DTD slope4<]
v APEY T4 W3}t 27|14 BAA Fag
< HoFH ol& Duffie and Lando
z3 T4 99 349 T4 94X

=3 U}X] 1O 2 cost _scorew 2k}l AIoe EH
zqoi 7‘]‘5@ FGHEo] HY AR frowlgt
Fa, DTD_Basic 29

< @?H -‘H@ *’?‘%(DTD 1y cost), 918 W} &=
(DTD_sloped), A9 274 (cost_score) o2k Al 7}
2 BaEgd ale FAlel xAgTE Random
ForestelAl AUC 0.871, F1-Score 0.614, Ad&
80.3%% 273t A4 A4 98 949 < 80%

2 2709 AL 4 9eT FAAT

=
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ox, M

N o lo i ot
W e

.31
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e
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5.4 Rolling Window s}

(% 9)= DTD At AHEE rolling window
S AAB A B 5-fold Al
3 & 35]"*0‘31 7} window 2
= 33t AUC, 2234, A &, Holy &4
A= T window”7} 31t
AUC 0.626°0.2 7V =& Aes H9oH, 8%
window?] AUCE 0.6042 Adigk 715 0.022 &
stk 3679 85 window {F AUC #Fe]&= DeLong
testellAl BAACRE fFofstgiork(p = 0.0001),
Wilcoxon Signed-Rank TestollA= A4S &
JdE A (p = 0.063). olgg Avtel A% 4
Zhek AL AUC Aol 274 fatdH A o
= A% 99 89 I 13 E oS AAkei
T3 85 windowe wAHE A o R EF
AAE B (0.011 vs. 0.014) B2l Hgdol %4
Ao g2 =gkth,

a8y o= Ao HZ windows 2 cE
e AFA Ade FE] WA 1 vk
(£ PellA 365 windows= Hlo|H &-8-E0] 41.1%
| B3 WA 83 windowe 91.8%9 #AZAE

l°°
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(% 9) Rolling Window 37| 0% d5 % Hlo|e| 284
Window=7]_F FTAUC #EHA AEF ERLE

4 0.599 0.006 142598 100

6 0.602 0.004 136709 95.9

8 0.604 0.011 130874 91.8

10 0.605 0.01 125095 87.7

12 0.607 0.009 119419 83.7

14 0.608 0.009 113866 79.9

16 0.609 0.012 108392 76

18 0.611 0.011 103030 72.3

20 0.61 0.009 97765 68.6

22 0.614 0.007 92577 64.9

24 0.614 0.004 87463 61.3

26 0.613 0.009 82430 57.8

28 0.616 0.011 77487 54.3

30 0.617 0.006 72629 50.9

32 0.619 0.01 67869 47.6

34 0.622 0.009 63197 44.3

36 0.626 0.014 58621 41.1

52 0.611 0.002 25994 18.2
e 4 glo] o 2.20) W AT BES HE | AR U AAA
& 4 ot B¢ 367 windowe /M F A 71kt
o] ZsfoF A= B717t 7FsstA R, 8F window
= A 271 SAMTE B7t 7hsste] 271 9 AT Sl 249 HAYgEe] 53] Sl
@ Ag GAl frelslth. Wang et al.(2016)2 & ol& g /N2 AdAte] QoS dol A9 349
Aoz gL 85 710E AHEetglem, Zhang and oStk w8 e, A7 Aike] JAR olojA 1L
Luo(2023)& 271 d39] $e4& Fxailtt. ol Sivh. olgd 3% &Kol 2439 A& 7Hede
¥ 3= Bharath and Shumway (2008)9] A& 3R] Y 1Y AES AR Adsta o
g Al met, At 715 0.0228] AUC zbels $8 F e AAA dSo] Aot 22y 71&
#Aeske tal dold 8843 7] B4 7Fede ATES ATAR 71N 724 29 2HA g
FHslE Qo] 27|14H Alzgle] B2 o Fggt F Elo[E ZRte] AR o] BelHof Sl 3
o At 8% rolling windows HFACR A Al Zept FEG 2419 AUS Fie] st
glskitt. A Zgek, oo & AFe 2430 A AES B

o AdAelu FRACR Hrkep] fel, Lvjat 3
& HlolHE FAMI7IA 2 A efeta o5 99 W
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24301 WX ofS: Distance-to-Default 21} AH|X} HE Cf|o[E{2] E3tX X2

& A E 4 9+ Distance-to-Default (DTD)
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g ok AHA} PF BAE BT
AFsATt. Merton(1974)¢] Distance-to-Default
(DTD) B3 Hg 473391 et s A4t
1, Keller(1993)¢] &w]#} 7wk Bl =2+HCBBE)
o|E5 Afste] 2kl Bt 1A Fo T LM
g tolHE A Hder Selsith o5
Bl AFg R eEehd 71E DTD ¢AE S5
atal, AFAE GE7} ol AFUAdAE AE
7Feek Bl 719k 91 57 AAE kel =
& DTD2] g2 oiv] 137 o] Teek Azt
YT AR 2FHT L 58I o]EF
= Adths A& A3, 724 2898 o2
g HelE H

FIR

. =
i
onl
|o
ot
ol
<
9
fuj
<o
£
N
- r

9 99E 207
4 Hyoz WPFo A, Aug a9l 243
z|

o 39 Y A% R v F2A 9F

& TRedch WHES SUAAE 207 % v
olElE B8 DIDSI 94 FHLLHIH, ¥E
A, SR E 29ea, £U BRI 8% 20

3, 27 A 59, A%
dgon, 1 4% 363 e MY B A5,
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S5 AL 2 ARH 47 1EE AN
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