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o] El= FAx|eke] M (pairwise) A% ABATE AESIGITh AREAIY
tyt 7P AFBAGTE =2 AN S8R 1,08, 07543 £EoRE 24

At iAoz WRIAELE 718 X1 1 olA 1, 7ER] 2] AT
T2 "otk 7MY AT W WAl A= 4,2 UERLET,
0.52328 ATAIG7L 71 =8 1,9 075433} 0.23112 2 2}o|2 Ko oF
A AR RN HNAR s wolehs A9k HIA|G] AR ol
HAE mofsls 9ol AT FHA0] Ajolrt QS-S mekdh 4= QI
of GRAIY 1] Hlao M= fABHA 17t 7P =2 420 ARRA
(0.7838)5 Hlom, 2o sdahs 1ol 4,79 AAG7E tiA A
OF F2 Holqlth EZh AREAY ¢, 7] vl Th HRAN £, 7] Bl
oA 7P 2 ATAR,; 0.7838)9F 7P W ABAIRt, 4,5 0.4817)
o] 2}0](0.3021)7} © FA| HolA WAAQ] AvbH el el AAH A+
o= 4 Wl weh 2 o7t AT 7hsAdo] e ERIE 4 4

et

e

L e rr =
v b

32

r
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(H V-3) EHIM| AEX|2t FHX|2| ¢t
FHR| HSMA £, EFAIY £y
el =2 At =9
4 0.6679 5 0.7099 3
ly 0.7539 2 0.7834 2
t, 0.7543 07838 1
4 0.7339 3 0.6790 4
ls 0.5521 7 0.5043 9
lg 0.5535 6 0.5054 8
Iy 0.5276 11 0.4822 15
lg 0.5264 12 0.4817 16
Ly 0.5282 10 0.4827 14
o 0.5264 12 0.4817 16
y 0.7023 4 0.6477 5
Lo 0.5483 9 0.5082 7
3 0.5493 8 0.5090 6
by 0.5232 17 0.4850 13
Ls 0.5250 14 0.4875 10
Le 0.5234 16 0.4852 12
by 0.5250 14 0.4875 10
f2: XXt ERY
Lt MSE H|w
H Zloj|A] MSE(mean squared error)= YUFA O 72 EA|Slo|A 3t 7}X]
$Eio] 2ol Ak Pl Holwick 29l A4 HIM] RS
W) glslel, 2 Aol BAlo] wlet 24 1,9 MSES 4] (1)} Lol
Aot
1 &
MSE(t,) = Tv{;(tkftol.ﬁ A1 (11)
A= xpzetol Hlw « 67
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A4z of ol 2 4 (129) Qo] viehd % ot

N
N* MSE tﬁ Z(tkz tk[ )2 +Z(t01 tOz +Z(‘Etkz tOL])Z

-2 Z (t/zz tkz (t()z [t()z ])

A (12) 9] = Wi 2 AA HAAY] 2ikE oujsi, ol= &
Aol ofESHA] k= groltt. mehi 439 e Brkshe & SAF
Oule 2Ato] Ao, A WAl BatE A FEeE, St
o A7)7F A verges A dEpdthe AMde 29I 4 ok

(F V-9 HIA AFZAY 1) DAY 1,3 17784] 422 MSE
S Aelst Aolck. Azl 4 o] ulmo] A9 4, FHX|7} AN 2k
of 7P ZAsHItE oA AF A B0l diiE =2 2 &

W = H3lE 1 0] 7P 2 MSE ghe Hof Fatdh gtiks B0 st
= Afole Aert W& 34 HAYe ST 4= At whde] JE
Al 1,2k BlaoA= ¢ FAA7E FEA|el 7 2
e ol A= 71eeR she Ml

Al
ol tE 4 Qe ARRITAL & 5 Sl
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(7 V—-4) EIM| =FX|e| MSE

(29 2

t, MSE

toy MSE

397,783,364,804,741,627,904

84,941,811,841,336,197,120

320,653,900,241,920,327,680

121,471,391,109,198,315,520

319,441,176,799,764,611,072

120,271,025,122,405,220,352

47,522,546,788,813,905,920

433,750,175,788,495,994,880

216,141,124,692,658,618,368

489,793,270,781,714,432,000

250,067,538,517,011,955,712

523,749,643,5638,420,334,592

269,998,825,297,766,252,544

485,839,653,340,377,645,056

351,472,072,964,970,708,992

291,057,052,477,373,612,032

269,997,024,518,648,299,520

485,838,973,410,240,561,152

351,472,072,964,970,708,992

291,057,052,477,373,612,032

48524,443,259,827,585,024

434,471,737,233,353,932,800

199,418,314,351,661,776,896

472,602,368,322,693,955,584

206,931,085,729,949,581,312

480,214,242,923,324,702,720

227,991,422,936,073,633,792

443,476,077,814,738911,232

319,738,856,615,904,542,720

258,975,885,153,528,741,888

227,990,625,430,402,793,472

443,475,294,137,960,890,368

319,738,856,615,904,542,720

258,975,885,153,528,741,888

Kolmogorov-Smirnov(KS) A& 19331 Kolmogorov7} W3 A4

T ol S Y
b BUTA AHT 4 G W F shfolch o) wof A4 REES g
olm AR o gl shueld o) g AA WHE Tete]

46) Kolmogorov A, “Sulla determinazione empirica di una legge di distribuzione,” G. Ist,
Ital. Attuari. 4, 1933, pp. 83~91.; Smirnov N, “Table for estimating the goodness of fit
of empirical distributions,” Annals of Mathematical Statistics, 19(2), 1948, pp. 279~281.
doi:10.1214/a0oms/1177730250.
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5]

Hol dupt AA| Harof 77k HAo] 7hsdich B At 9o
P AA] HolA| = AF AN Bz FAIEREG
(z), 98 4 WS B3l 42 HAAM & X, ... X, n/le] HEZH

]

X
i
ol

—lr rulm J
O

2

3} El“i:‘ﬂﬁV\(empirical cumulative distribution function) F, (z)+= 4]

133} o] olglc,

—~

1 n
Fy(z) = -3 1x o 2] (13)
i=1

7|4 4] (13) 92 1y . 1= AA[F(indicator function)g o]w|a}hH,
ofeff BZo] Abdo] WSS 4% 19 Fh2 7KW 1 9]9] Z9ofl= 09
G 7 1 B P Sl el i

ot AEAEASERET R Afo] A9 AUt D, A 149} Zo] A
ofgit.
D= F,(2) = Fy(x) A (14)

ERo| A7sh 28| AckE, FRAE g F- FOPIH e £ 3
3t BE3E)Slol| A, D, Glivinko-Cantelli A2]o]| wjg} 002 4= o]—ﬂ] =}
wba] 2 AolE4) Z8t HEE(asymptotic distribution)E 7HA|= AAEA
o Holap] 9ol /o ok ARMEOIN 4] (99 e S B
w2 s go] ekeld 9tk

w
1o
H

PWAD, < 2)—@x), Qz)=1-23 (~1)t 12 4 (15)
k=1

47) AAREAZo] well-defined E]&H bounded in probability, O, (1)—% HkESH e SEHS
2 ok TS oujai
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o714 4] (15)9] 922 Q)= AHBARR BBWS: /D, o) FAR
wh SR o S RsSl meby oY RuE B4 4
T YR BEY 4 9l

A Ol Tl K B AR e $A ey v

=

=
© S S A9 Qe R AIEERAE dell, 1)
Wl BEFRES FHIER

IYnE 2 4 9k

(O3 V-1]1KS M= HAE OllAl: n=5

ecdf(x)

10

08

Frix)
04 06

0.2

0.0

Atz MAF AR
19 W-1lo] LRt AR e ARAeRsiaRmgoly gas

Pl RS EERATFEES| LHIERIFSE Rtk D, =01s52,

p-value= 0,9828=% eERATH
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n=1002%2

=
=

100
o] 74

FHE

o A4t Ao got

3T

=

9]
I

A
Uehdich o] A9 D, =0.0823, p-value:= 0.5091% u}e}

A

=
I=]

]_

Z7MA] p-valueZ}

=A™ WAl n
ecdf(x)
b
].
jui

3
ol

-2l (23 W1 SA

7

St
[e)
RS

3l

pS|
=
S

o=
T=

ulmg A3k 4

1

L

|
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Al

7
o

=
=

i

7HA]

Wk ubRel SRR fe)

[

A= MAF AR
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(# V-5) HIM| =HR|S| KS SAZ

e t, KS to KS
aYSAZ p-value AYSAZ p-value
4 0.06449 : 0.06449
L 0.05436 : 0.06547
[ 0.05408 : 0.06571
4 0.06358 : 0.10006
ls 0.06830 : 0.10609
l 0.06812 : 0.10591
4 0.01832 : 0.06634
[ 0.06784 : 0.10408
ly 0.06776 : 0.10278
Lo 0.06784 : 0.10408
ty 0.05978 : 0.05978
P 0.10739 : 0.10739
s 0.10749 : 0.10749
11 0.10749 : 0.10749
hs 0.10749 : 0.10749
L 0.10749 : 0.10749
L 0.10749 : 0.10749

- 2 pvalue ( 0.00012 2ojst
[=SPSINEES o

(F V-5 = WA A2AY 1 B GFAIY 1,30 17784 34219 £
£ ¥]aLslk= Komogorov-Smimov A gha ARt Zloltk. FA%S 2
7|2 vl A9 A 12 1 FEATE SRR gl 7P sk
AN 0 #y FEAZE A 7 2 RS UERR
53] vl a3 TS 1,0l 5 E 1, 7EA S FAIRR] AL frAkst
Al %_‘Jélil‘}i—t—ﬂ], ole 2w olETAE M= AdEa olduAl

l e FAANE olsfd 4= Utk = MM = AR

R0l S V|FOR MALES ST ofF WIS, AATAES 1
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Ao, 1, oNRE s THEE B A 24T BAS nP
oA710] 1, o ARE 1,,0] Aol BAlA HelHuIEE Akt o ek
2 Holo] olgt AlREIE Tefale] o]ARIARML} o] lIA A
RORRE] 40 238 A S, ol ol ol
QAR ol E3 ojF AF 7Kl that Mol whgo] wet o]
o) 71k - 7|9l QFHolX] $RE AFAE 1Y 4 ole. Edk o]
wet ojolo] 2xh 154 Eak ok dAHoe] BX ot AAEA o
2w BHA50) F4o] F o olele 4 glekh olg} HEol 1,043
olNE 2ET BAE TEs) i) s A= ohe) og o
of ZAE TALSOIY THEES FATol, 54 BEAL olo] x4

&

K

>~l
i

olr

0.9, FIO

50] o9 oAVt BEHUS W LT FAS LA gk H9ot
OS] 4 BUSE oxe] Frt aEo] 2 g WA 4 9
on, ofo] wet Bxo] GAkE ERlolx mrt WA 249 4 gk E
Ks SAwe] SAA olgxe] At 24 Yok sl ool B3 4
7hEe A9 A Uebd 4= 9la, 4 (4)9} ol Azle] Huighue e

SIAL Il (3 N-5)9} 2o R FA7} o e 4= 9

theo® Hrh Ut B MRS Sl TR A FARE
Z~(empirical cumulative distribution function)S A EQIT) H 1A EEFo]
Aoz AdEa 34 a8 RN Aol U= 4 B 4,3 A ¢ 2
A AR G 40-75%, T5-90%, 90-95% 7] ofE (1% -3
B} (2 V-dlo]l Fesiiehe Aubgos ¢ mr) 4,0 40~95% o)A
L 18] HE o ke RS el 5 ek Wb (E N-5)olH A
H OAA Frof] tigt 1,9] KS BA5H0.10749)0] ¢,2] KS FA|%H0.00812)
urh 2 23E AS FAIA oA Qg mehy 233
ATt
S 1,0] A9 40-75% TN 1,9] FHREF wep e vh, 1,

4

49) FA SEoH B2 WES] e $E0) Aelsiaon], Aot dmEat
Lukl HES Fx|S Hk,
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Hod Ao olafg 4 olu}. ol 9] A 467 B T
o) o} 400 S9N 1] AR A4 ol ORI 2
o9l 479] Wal| FrlelAl HAThA] Qg Ago] Foldl AR
2l QAL Qlol AtAom S F3Ee] 1,9 RAEEYSR} A3t
o Mol 2 BRIE 4 gk THelE BTSkR A2ko] FRHAOT,
75~90%, 90-9500)elAle] FARIIE 712717 10] to BTt rol AR
Gzzollo] Aubdo BRAR) ARHE At BAe|AL 1 0] wr}

d9) WAe] o] FAR ARFIIA, oleid S 1, oNRE 4,014 FARPA B
Clck. AL ARYE $8E HEapIE i
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[T V-3] 7,9t t; T2 IE(cdl) T2 Hw

40~75% 2

75~90% &4

90~95% =%

ecdf(tc)

Fn(x)

040 045 050 055 060 065 070 0.75

T T T T
200000000 400000000

X

Fn(x)

0.90

0.85

0.80

[=]

400000000

ecdf(tc)

X

1000000000

Fn(x)

0.91 0.92 0.93 0.94 0.95

0.90

15

ecdf(tc)

00000000

25000

X

T
00000

A2 MO| £, 2HEE ojolgt

K= A=y
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[O3 V4] ¢,2} ¢, FREES(cdf) T2z W

40~75% 2

75~90% &4

90~95% =%

Fn(x)
040 045 050 055 060 065 070 075

ecdf(tc)

T T
200000000

X

T
400000000

Fn(x)

0.90

0.85

0.80

[=]

400000000

ecdf(tc)

T T T T
1000000000

X

Fn(x)

0.92 0.93 0.94 0.95

0.91

o
bt}
o

1500000000

ecdf(tc)

T T T
2500000000

X

= 20
T AT

PSE=MPSING

Ao] ¢, Z22H=E ojojgt

Xt
10
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O PV e RAES HSLOm, 51 17} THEOR AT AE IR

T A FEAEY 2 S SOl AEEE MSEQ AL ¢,

tyy ty 2R FAMO] w3 53] ARAleE MSEQ] APyt 2 AolE
Holz e o & %l ol AdAeR AHue AR #AIE
(t), t,, 1)) FAYO] Arp= AMIREE 7|903ithal & 4= Qloh. oo meh
AN AEANY 1S FEHo] Fil FHAE SHHFR Fof 1]
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(B V—6) LHEMIAM(, )t HRlM TR = Hale Hlw &2

=
. 45 288 | Jgw | B | goge
B | B | AmAL | MSE | KS
4 16 8 5 17 6 10.4
R b 5 4 2 14 3 56
1, 2 3 1 11 2 38
t, 1 7 3 1 5 34
ts 15 12 7 11 10
ts 17 11 6 8 10 10.4
t, 13 1 11 10 1 7.2
t 7 5 12 1 8 94
t, 14 2 10 9 7 8.4
_— to 7 5 12 15 8 9.4
f 6 15 4 2 4 6.2
ty 9 10 9 3 12 86
ty 12 9 8 4 13 9.2
t, 3 17 17 7 13 1.4
ts 10 13 14 12 13 124
te 4 16 16 6 13 11
ty 10 13 14 12 13 12.4

V-7 ol M= A 1,3 FEASTe] vl 915 Al
AR 4ol TP w4, 1;0] FE oI SXRES 4]
SAOH, 4, tu TR £ FAEE Btk A 0] 7t
AWAS How, ¢, 1, <072 ALY} =9kt MSEE ¢ 9] t}
Ha5oll vls) o Xﬁlovﬂ NS FARH #4sks Ao Ue
At sl B2 A, £)o] FARETE 2] FEEHA
- KS ] A 0] 7P HRANT fARE ZEE Holes ZleR
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t by By UERATE A2 AFSAINY] B9 ¢, HRAINY A 4 1y
2 yepdth A7k AR A 4, AN e 2
uepdth A4 Ao A 4, FRAINY] B ¢, 4, 2 UERITH
T AREAIN O] - 1y, HRAINY] A = UERdTh A AkEA|
HO| AL 1, HRAINY AP 1, = UERdth SA5Ee] AREAe] A9
tys AN A 1, 82 VERdth RAa1EAIY ARSI A 1,
AN A 1,2 vEhdth S8RAY AN A 4, A
89 1,2 Uepdth B5ake] A A 4, WA e 4=
et MBS AREAINO] B b, 1, ERAIN B 1 2 HERS
ot 7E 4% AREAIHO] e ¢, FRAINS A9 4 &2 HEpdTh 20159
ARSI A 4y, HRAIN AL 1,02 UERTE 20161 AFEA] 9
S by, AEAINO] A 1, B UERdth 20179 ARSAINO] A 4, HE
Aol H$- 1, 2 vepdth 2018 AEAIS] 9 4, FEA 9] F¢-
th = UERdTh 20199 AREAINS] B9 4, 1y, HRAINY AP 4 2 UE
Tk 20209 AREA|NS] B 1y, ERAINY] B 1, 1,2 LERDTE 2021
d AREAHO] AL 4, FRAINY] A 42 HEhdth

N

2| HEA HE AR HM FE 7™ FXiete] 2|

719 & 2ol MAAE FEtke 8 54 T shue T A%
= 2831 e 71 - Al ko] BAIE Tefshe Hl St olERt
A SHolM F4E Ravh AR FAREs S welld AAl
U e 2| Aol wet AAEE Aol o 23] AAIgt
I FAgre] Aot ARl 2AjoleAler o Headke] dwdol A
S| Lrehf=Alel whet 4] Aot wrhal & 4 qlth

B AolAE A Zuold Aluli weld kS SAHES ulolst

50) AR ATk eetel HES FuslylE ek,
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Y;;:BO+[’;1T +Xt7+0 +#1+€ .‘_'3,_‘/_\_‘} E‘S‘é‘ (1)

04 1A Y= 719 i7F t7]0] 7H agAkke] 2agks onlditt 7=
A1) =agks e, SR €](2023)0 4= HIAH]E-2] lelfe‘

/\}%OP%EP X, = AR AsAtola] 719 FAReF WAE $8 W
52 et 0= A= AT 4= 7Y 1HETNE HLEMU#
e RS ofnjgith

IAFHoR G AFoA BAES x, = B vlg, njEe] 23k
51}4—4 =gk wiEN AE 29 7Y AdYS ZRih B vl

7199] AFA A|eKFinancial Constraints)S UER= %21 X|HE=Z,

XW e RA7E Al w2 A S AL 2] ofH YA 79
T4} ofgo] AshE 4= e} miEd} FAMEE 719 7HXeE A B
2 7|99 FAE AWshs $adt AxR AHEn dutder 7Y 7HA]
7h Avke 2 s 71ge] AAshe Agtel golut 7HAo] g2 oulst
H, ojgfgt AsE BAabstal Fush] YsiAle agAktel gt &AL
sZolct, ufeba] wiEdnt FAE FE7F 2 71GYeE THRAE Tl
B2 AHE g 7heAol Erh E3E ofRl =29 °EVW°1W Bl
=Y ST W SV et AT BAe] digt o E SUHAIE
E}h oA 719 FAele] A wefdh 4~ SQlrk UW”*—E 7]

9] Aol 71U AT & diElshe Haer 7Y FAeE A
EP dutyog A 719 27) dAA AR frs AR
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tax17)9] Aol exp7t A o2 ©f IA AEEon, 1 o]Q]9]
Aools AR 07t BolSqt ATHom $7A ©2023)004
A ax1 e AMEE 2AAGe] 2o)(92.25%7F 7 FA) LRk A

(# V-8) 3724 2 dlu: S3xH 2/(2023)2] 241 =& (1)
(UM 250 EXjoil 0|Rl= SE)

- 8, : EfA : AEAH
HSH|m 48, 48,(%) | BSH|x 48, A48,(%)
geMey 003772 sE | s | aE w 0.01302| —25.66642
AEMO |-005075] 1 |-001302| 3452870| 7iE Il Il
tax1(SJS) |-0.00393 1 0.03379| —89.56942 1 0.04681| —92.24657
tax2  |-0.00775 1 0.02997| —79.45351 1 0.04300| —84.72706
tax3  |-0.00775 1 0.02997| —79.46040 1 0.04300| —84.73218
taxd  |-0.03604 1 0.00168| —4.46677 1 0.01471| —28.98672
taxd  |-0.04313 1 —0.00541| 14.34461 1 0.00761| —15.00356
tax6  |—0.04560 1 —0.00788| 20.89457 1 0.00514| =10.13473
tax7 -0.05117 1 —0.01345| 35.64585 1 —0.00042| 0.83042
tax8  |-0.04560 1 —0.00788| ?20.89431 1 0.00514| —10.13493
tax9  |-0.04007 1 —0.00235| 6.21832 1 0.01068| —21.04412
tax10  |-0.04560 1 —0.00788| 20.89431 1 0.00514| —10.13493
tax11  [-0.02175 1 0.01597| —42.33712 1 0.02899| —57.13711
tax12  [-0.02882 1 0.00890| —23.58805 1 0.02192| —43.20026
tax13  |-0.03153 1 0.00619| —16.40077 1 0.01921| =37.85769
tax14  |-0.04013 1 —0.00241 6.37712 1 0.01062| —20.92608
tax15  |-0.03153 1 0.00619| —16.40103 1 0.01921| —37.85789
tax16  |-0.04942 1 -0.01170| 31.01101 1 0.00133| —2.61482
tax17  |-0.03153 1 0.00619| —16.40103 1 0.01921| —37.85789
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(# V-9) 31724 2 Hlu: $3x] 2/(2023)2] =4 =Y (2) 8,
(RelM o] £xtofl 0lX[= S, 2a0HEH 7|F)

L LAY L
s A HaHm| 48, 48, (%) | RSH|Im| 48 48,(%)
M |-006618] 7= | 000000| 000000 1 0.21987| —76.86423
AEEAY |-028605| 1 | —0.21987| 332.23109| 7I& | 000000  0.00000
tex1(SJ9) | 0.04706| 0 0.11324/-171.10133] 0 | 0.33311|-116.44984
tax2 | 028750] 0 0.35368|-534.41649| 0 | 057355|-200.50561
tax3 | 028744] 0 0.35362|-534.32749| 0 | 057349|-200.48502
taxd | 044989 0 051607|-779.80091| 0 | 0.73595|-257.27719
x5 | 009332] 0O 0.15950|—241.00516| 0 | 0.37937|-132.62263
fax6 | 002019] 0O 0.08637|-13050399| 0 | 0.30624|-107.05733
tax7 | 008418] 0 0.15036|—227.19968| 0 | 0.37023|-129.42863
x8 | 001701] 0O 008319|-12569953| 0 | 0.30306|-10594578
tx9  [-0.00494 1 0.06124| 9253689 1 0.28111| -9827335
tax10 | 001701] 0O 008319|-12569953| 0 | 0.30306|-10594578
taxit | 0.11724] 0 0.18342|-277.15147| 0 | 0.40329|—14098536
texi2  |-0.02675 1 003943 -5058686| 1 0.25931| —90.65011
tax13  [-0.07746 1 —0.01128| 17.04226 1 0.20859| —72.92137
tax14  |-0.01441 1 0.05177| —78.22642 1 0.27164| —94.96251
tax15 |-0.14819] 1 | —0.08201| 12391783| 1 0.13786| —48,19487
tax16  |-003017| 1 0.03601| —54.41250| 1 0.25588| —89.45298
tax17 |-0.14819] 1 | —008201| 12391783| 1 0.13786| —48,19487
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22 Ao ZAE 18dE HolN| 22X S(taxl1~tax17)9] X Honl =
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tax17)& AREE 790l Xd‘%}@i?i QA7) X—i% 75?% S Bt A

BAZ T HO) RPN - A8 2YALT Ao
2 420 AR O SR AU HGow, Welg T

A (tax1~tax3)2} HOIMRFEA40]0]S vlglo 2 Al&st H
(tax4~tax10)9] A 0] Fo7p B v2A] 4w, FatAQl
A 2 B HAh

(B V-10) 3|HEAM 2g Hlm: &38R 2/(2023)2 BA 2% (2) 4,
(H2IM| 2Efo| EXjof| 0X|= F&, 2a0EN JIF)

At AbEAH
7= B, -
HSHm| 48, 48,(%) | HSHm| 48, 48,(%)

HEARE [0001216] 7% 1= 71z 1 |-000872| -87.76028
AEMH 10.009932] 1 000872 717.01218| 7%= 7= VIES
tax1(8J9) [-0.00245| 0 [-0.00367| —301.53833| 0 |-0.01238|-124.66773
tax2  [-001265] 0 |-001386] —1140.44093| 0 |-0.02258|-227.34705
tax3  [-001265] 0 |-001386| —1140.22705| 0 |-0.02258|-227.32087
taxd | 00205 0 |-002172|-1786.36887| O  |-0.03043|-306.40682
x5  |-000578] 0 |-000699| 57520566 O |-0.01571|-15816384
tax6  [-000279] 0  |-000401| —32990293| 0 |-001273|-12813947
tax7  |-000579] 0 |-000700| —57592958| 0 |-001572|-15825245
tax8 |-000266] O |-000388| —31879730| 0 |-0.01259|-126.78018
tax9  [-000149] 0 |-000270| —222.26061| O |-0.01142|-114.96436
tax10  [-0.00266| 0 |-0.00388| —31879730| 0 [-001259|-126.78018
tax11 |-000550| 0 |-0.00671| —552.12241| 0O |-0.01543|-15533852
tax12 | 000054| 1 |-000067| -5537183| 1  |-000939| —9453764
tax13 | 0.00266| 1 000144 11878908 1  |-0.00727| —73.22083
tax14 |-000098| 0 [-0.00219| —180.39651| O |-0.01091|-109.84031
tex15  [0.005021] 1 000380 31300592 1 |-0.00491| —49.44923
tax16 |-0.00064| 0 |-0.00186| —15304376| O |-0.01058|-106.49241
tax17 [0.005021] 1 000380 31300592 1  |-0.00491| —49.44923
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(E V-11) 3|7H2M 28 H|w: £31K) 2/(2023)2] 2A 28 (2) 8,
(H2IM| 20| EXfof| 0|Xl= F&F, 2aXMM J71F)

- | 5 == KEN
S U [sswm| 48 | 480 |Ssum| 48, | 48,%)
=E=BN (Sl 0.36728| 71& & Jl& 1 —0.45958| —55.58096

A M| 0.82686 0.45958| 125.,12870| 7|& =S 7l&=

tax1(8JS) | 0.12767 —0.23961| —65.23918 —0.69919| —84.55958

tax14 0.10660
tax15 |[-0.11173
tax16 0.02203
tax17 | —0.11173

—0.26069| —70.97675
—0.47901| —130.41942
—0.34526| —94.00329
—0.47901| —130.41942

—0.72027| —87.10815
—0.93859| —113.51201
—0.80484| —97.33632
—0.93859| —113.51201

1
1 1
tax2 0.60704 1 0.23976|  65.27896 1 —0.21982| —26.58468
tax3 0.60701 1 0.23973|  65.27057 1 —0.21985| —26.58840
tax4 0.30622 1 —0.06107| —16.62644 1 —0.52065| —62.96627
taxd 0.01034 1 —0.35694| —97.18453 1 —0.81652| —98.74939
tax6 0.10437 1 —0.26292| —71.58363 1 —0.72249| —87.37772
tax7 0.06999 1 —0.29729| -80.94304 1 —0.75687| —91.53508
tax8 0.09438 1 —0.27291| —74.30381 1 —0.73249| —88.58600
tax9 0.02690 1 —0.34038| —92.67577 1 —0.79996| —96.74665
tax10 0.09438 1 —0.27291| —74.30381 1 —0.73249| —88.58600
tax11 0.14792 1 —0.21937| —59,72676 1 —0.67895| —-82.11101
tax12 0.01716 1 —0.35012| —95.32722 1 —0.80970| —97.92440
tax13 0.08783 1 —0.27946| —76.08714 1 —0.73904| -89.37814
1 1
0 0
1 1
0 0
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(H V-12) 3|H2M 28 H|m: £31KY 2/(2023)2] 2A 2& (2) 8,
(H2IM| 20| EXjof| 0|xl= F&F, ZaXpA 7IF)

L et Aot AE Aot
= % legum| 2, 48,(%) |SBHIm| 48, | 46,(%)
HEAMH |-0.01665| 71 71E & 1 0.01929| —53.67218
AEM | -003594| 1 -0.01929| 11585304| 7|& ES WES
tax1(SJS) |—0.00576 1 0.01089| —65.38672 1 0.03018| —83.96442
tax2 —0.02565 1 —0.00900| 54.02511 1 0.01030| —28.64353
tax3 —0.02565 1 —0.00899| 54.01731 1 0.01030| —28.64714
tax4d -0.01412 1 0.00253| —15,19785 1 0.02182| —60.71301
taxb —0.00221 1 0.01445| —86.75751 1 0.03374| —93.86504
taxb —0.00618 1 0.01047| —62.86745 1 0.02976| —82.79730
tax7 —0.00500 1 0.01166| —69.99586 1 0.03095| —86.09974
tax8 —0.00577 1 0.01088| —65.34168 1 0.03017| —83.94356
tax9 —0.00276 1 0.01390| —83.44674 1 0.03319| —92.33123
tax10  |-0.00577 1 0.01088| —65.34168 1 0.03017| —83.94356
tax11 —0.00660 1 0.01005| —60.36020 1 0.02934| —81.63575
tax12  [-0.00130 1 0.01535| —92.20860 1 0.03465| —96.39042
tax13  |-0.00429 1 0.01236| —74.25368 1 0.03166| —88.07229
tax14  [-0.00593 1 0.01072| —64.37000 1 0.03001| —83.49340
tax15  10.003359 0 0.02001|—=120.17031 0 0.03930(—109.34447
tax16  |-0.00276 1 0.01389| —83.40530 1 0.03318| —92.31204
tax17 10.003359 0 0.02001|—=120.17031 0 0.03930(—109.34447
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(F T-14) LD 37124 2ot 22—

Panel A: 2 AoH

=M 29 (1)

=4 29 (2) (Ra0iE)

=4 29 (2) (RaxH

H=

-3 o2 |2y
tstat. (8,) |t-stat. (8) | t-stat. (8,) | t=stat. (8,) | t=stat. (8,) | LRI | T
25 [ 29 [25[29 (85 [a9 |85 (a9 |85 (a9 07| 7"
tex1(8JS)| © 5 | x |12 x|11]lo]ls]o]| 5| x]|76
tex2 0 1 X |15 x 1] 0] 1 |0] 1| X|66
tax3 0 1 X |15 x |15 0] 1|01 1| X |66
taxd 0 3 [ x| 17| x|1w7w]lo]3]o]| 3] x]|ss
tax5 O | 13| x| 13| x|122]0]|158]0]13]Xx [132
tex6 0 6 | x| 8| x| 6|0]|7]0]| 6| X]|66
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A3. 2=

M HE A H2lMt 7 [HEARe] 2|

(BE 1) 32N 2 dlw: S8l 2/(2023)2 24 = (1)

o t—stat. EfE A AEEA[H
= (8) | ssH@ at (%) | BEH|@ | 4 At(%)

A —1.53 1 0.00 0.00 1 038 | —32.18

AN -1.91 1 —0.38 47.46 1 0.00 0.00

tax1(SJS) —0.29 1 124 | —60.17 1 162 | —72.99
fax2 -0.64 1 089 | 1525 1 127 | —21.84
tax3 -0.64 1 089 | 1525 1 127 | —21.84
taxd -2.36 1 083 | —27.97 1 045 | —51.15
taxb —2.54 1 —1.01 —88.98 1 -0.63 | —9253
taxb —2.55 1 -1.02 | =70.34 1 —0.64 | —79.89
tax7 —2.29 1 —0.76 | —79.66 1 -0.38 | —86.21
tax8 —2.55 1 —-1.02 | —=72.03 1 —0.64 | -81.03
tax9 —2.55 1 —-1.02 | 8475 1 —0.64 | —89.66
tax10 —2.55 1 —1.02 | 7203 1 064 | —81.03
tax11 -1.29 1 024 | —56.78 1 062 | —70.69
tax1?2 ~1.67 1 -0.14 | 9153 1 024 | 9425
tax13 —1.74 1 021 | 7203 1 017 | -81.03
tax14 17 1 017 | -7458 1 021 | -8276
tax15 —1.74 1 021 |-117.80 1 017 | -112.07
tax16 —1.81 1 —-0.28 | —8898 1 0.10 | —9253
tax17 —1.74 1 021 |-117.80 1 017 | -112.07
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(R 2) 3|HEM 2 Hlw: S3IR 2/(2023)

(20KEM 7|F)

o 2N =Y (2) A,

) t—stat. A4 A=Al
= () | s2sHm at (%) | BEH@ | & 2t(%)
el | 023 1 0.00 0.00 1 039 | —62.90
MEMH | 062 1 —0.39 | 16957 1 0.00 0.00
tax1(SJ9) 0.25 0 048 | —20870| 0 087 |-140.32
fax2 1.03 0 126 | -54783| 0 165 |—266.13
ax3 1.03 0 126 | -54783| 0 165 |—266.13
texd 1.21 0 144 | -62609| 0 183 |—295.16
x5 0.27 0 050 | —217.39| 0 089 |-14355
{ax6 0.06 0 029 | -12609| © 068 | —109.68
tax7 0.24 0 047 | —20435| 0 086 |—13871
1ax8 0.05 0 028 | 12174 0 067 | —10806
{ax9 0,02 1 021 | —91.30 1 060 | —96.77
tex10 0.05 0 028 |-12174| 0 067 |-10806
tex11 0.68 0 091 | -39565| O 130 |—200.68
tex12 -0.12 ! 011 | —47.83 1 050 | -80.65
tax13 0,34 1 0,11 47.83 1 028 | —45.16
taxi4 ~0.05 1 018 | -7826 1 057 | —91.94
tex15 -06 1 -0.37 | 16087 1 0.02 -323
tax16 0.1 1 013 | -5652 1 052 | -8387
tax17 -06 1 -037 | 16087 1 0.02 323
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(RH 3) 3H2M 2 Hluw: S8idf 2/(2023)2] 24 2 (2) 8,
(20KEM 7|F)

o t—stat. A AEEAH
= (8) | msHm | (%) | BEH@ | 4 2t(%)
Al 0.10 1 0.00 0.00 1 043 | -81.13
Aot 053 1 0.43 430,00 1 0.00 0.00
fax1(SU9) | —0.31 0 041 | 41000 0 —0.84 | —158.49
fax2 —1.07 0 ~1.17 | —1170.00 0 ~160 | —301.89
ax3 —1.07 0 ~1.17 | —1170.00 0 ~160 | —301.89
taxd -132 0 —1.42 | —1420,00 0 —185 | —349.06
x5 -0.39 0 049 | —490.00 0 092 | —17358
{ax6 —0.19 0 029 | —290.00 0 072 | 13585
tax7 —0.40 0 050 | —500.00 0 093 | —175.47
{ax8 —0.19 0 029 | —290.00 0 072 | 13585
tax9 —0.11 0 —021 | —21000 0 064 | —120.75
tex10 —0.19 0 029 | —290.00 0 072 | 13585
tex11 -0.74 0 084 | —840.00 0 —127 | —239.62
tex12 0.06 1 —0.04 ~40,00 1 047 | -8368
tex13 0.28 1 0.18 180.00 1 025 | —47.17
tx14 -0.08 0 018 | -180.00 0 —061 | —115.09
tex15 0.50 1 0.40 400,00 1 —003| -566
tex16 ~0.05 0 015 | —15000 0 —0.58 | —109.43
tax17 0.50 1 0.40 400,00 1 003 | -566
Xtz MXF AR
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(RH 4) 32N 2 Hlw: S8id 2/(2023)2] 24 2 (2) 4,
(2AXP 71E)

Qs t—stat, A4 A=Al
= (8) | =sHm at (%) | BEH@m | & A1(%)
ECYIl 1.09 1 0.00 0.00 1 056 | —33.94
A Aot 1.65 1 056 51.38 1 0.00 0.00
tax1(SJ9) 0.42 1 067 | -61.47 1 —123| —7455
tax2 1.34 1 0.25 2294 1 —-031| —1879
ax3 1.34 1 0.25 2294 1 —-031| —1879
taxd 0.75 1 034 | -31.19 1 —-090| -5455
x5 003 1 106 | -97.25 1 ~162| -0818
tax6 0.24 1 085 | —77.98 1 —1.41| -8545
tax7 0.14 1 095 | -87.16 1 —151| -9152
ax8 0.22 1 087 | 7982 1 —1.43| -8667
1ax9 007 1 102 | -9358 1 ~158| -9576
tax10 0.22 1 087 | 7982 ! —1.43| -8667
tex1 1 0.48 1 —0.61 ~55.96 1 —1.17| —70.91
tex12 0.06 1 103 | -9450 1 —159| -96.36
tax13 0.28 1 —0.81 ~74.31 1 —137| -8303
tax14 0.22 1 087 | 7982 ! —1.43| -8667
tex15 -0.29 0 -138 | —12661 0 —1.94 | 11758
tax16 0.04 1 105 | -96.33 1 —161| —9758
tex17 —0.29 0 -138 | —12661 0 194 | 11758
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(R 5) 3HEM 2 Hlw: S3IA 2(2023)2] 24 2 (2) 4,
(2AXp 71F)

o t—stat, EFEAH ARE Y
= () | msHm at 2(%) | BSHIm | 2H(%)
HEHH | -1.18 1 0.00 0.00 1 0.56 -32.18
AEM | -174 1 -0.56 47.46 1 0.00 0.00
tax1(8JS) | —-0.47 1 071 | -6017 1 1.27 ~72.99
tax2 -1.36 1 -0.18 15.25 1 0.38 —21.84
tax3d -1.36 1 -0.18 15.25 1 0.38 -21.84
taxd -085 1 033 | -27.97 1 0.89 -51.15
tax5 -0.13 1 105 | -8898 1 1.61 -92.53
tax6 -0.35 1 083 | -70.34 1 1.39 —79.89
tax7 -0.24 1 094 | -79.66 1 1.50 -86.21
tax8 -0.33 1 085 | -7203 1 1.41 -81.03
tax9 -0.18 1 100 | -8475 1 1.56 -80.66
tax10 -0.33 1 085 | -72.03 1 1.41 -81.03
tax11 -0.51 0 067 | -56.78 0 1.23 —70.69
tax12 -0.10 0 108 | -9153 0 1.64 -94.25
tax13 -0.33 0 085 | -7203 0 1.41 -81.03
tax14 -0.30 0 088 | -7458 0 1.44 -82.76
tax15 0.21 0 139 | —117.80 0 195 | —112.07
tax16 -0.13 0 105 | -8898 0 1.61 -9253
tax17 0.21 0 139 | —117.80 0 195 | —112.07
NS IESES|
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Abstract

A Study on the Estimation of Corporate Taxes
Using Financial Data

Byungjin Hong and Jeonghwan Kim

This study systematically compares and analyzes the accuracy of
existing financial-data-based estimates of corporate taxes — a factor widely
recognized as a key element in corporate and economic policy
decision-making in Korea — against the actual measured values. First, a
direct comparison of the actual values and the estimates through various
methods shows that the “direct method,” which relies on ‘corporate tax
expenses from the income statement frequently used in previous research,
exhibits a high degree of similarity with the actual values. Next, we
examine whether the relationship between the actual values and other
variables also appears similarly in the estimates. To do this, we replicate
the regression model of Song et al. (2023) and analyze the similarity of
the estimated coefficients, The results confirm that one of the estimation
methods proposed in this study demonstrates the highest similarity. In
contrast, some frequently used existing estimation methods sometimes
yield regression coefficients with opposite signs, implying the need to
re-examine related prior studies,

The significance of this study is that it provides valuable reference
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material for a broad range of stakeholders — such as corporations, investor
s, and policymakers — in making important decisions. While the ideal scen
ario would be allowing free access to corporate tax data, numerous obsta
cles remain, and achieving this in the short term is difficult. Therefore, unti
| the environment for corporate tax research improves, the findings and an
alyses of this study can serve as a stepping stone, offering a direction and s

upport for related research,
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