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Abstract

There have an significant impact on financial industry resulted from
the COVID-19 epidemic breaking Since the end of 2019. Many studies in
the past have proposed that the impact came from financia crisis has
influenced the capital adequacy ratio and operating performance of
Taiwan's financial industry before-and-after financial tsunami. We
examine the impact of the overdue loan ratio and capital adequacy ratio
on Taiwan public-listed banks on operating performance before and after
the pneumonia epidemic, and the response measures to the pneumonia
epidemic. This research uses the quarterly data of the overdue loan ratio,
capital adequacy ratio, return on assets, return on shareholders' equity,
and earnings per share selected from the five large-sized banks in Taiwan
from January 2007 to December 2022. Panel data is cited from Taiwan
Economic News Database (TEJ) and the publicly disclosed financial
statements of various banks, and uses cross-sectional time series analysis
to explore the impact of overdue loan ratios and capital adequacy ratios

on the operating performance of Taiwan public-listed banks.

Based on our statistical analysis, the empirical results show that
capital adequacy ratio has a significant impact on return on assets(ROA)
before the COVID-19 pneumonia epidemic, though the capital adequacy
ratio has no significant impact on return on assets(ROA) after the
COVID-19 pneumonia epidemic. Furthermore, capital adequacy ratio has
no significant impact on earnings per share(EPS), though after the
COVID-19 pneumonia epidemic, capital adequacy ratio has a significant
impact on earnings per share. In addition, ratio of overdue loans before
and after the COVID-19 epidemic has a significant impact on Banks’

operating performance. The empirical results show that capital adequacy
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ratio has some significant differences in financial performance
before-and-after the pneumonia epidemic, and the results shown in this
research also have differences in financial performance to some extent.
We expect that this study could provide important operating methods to
Taiwan financial institutions as a reference in revising management

methods to more efficient market operations in the future.

Keywords: Non-Performing Loans Ratio, Capital Adequacy Ratio,
Return on Assets, Return on Shareholders' Equity, Earnings
Per Share (EPS)
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- 8 g A

%4 L HRITT G 4ok B
wim [ mesc | 2018 [ 2019 | 2020 | 2021 | 2022
A [ROAC%) 0.56| 0.61| 0.52] 0.57| 0.58
ROE(%) 1.2] 1.32]  6.35| 1.4 7.9
EPS 1.63] 1.65] .42 1.76] 1.73
B |ROAC%) L1924 Lol Lol 114
ROE(%) 10.32] 10.22] 8.78| 9.48] 11.36
EPS 2.11|  2.14| 1.84] 2.01| 2.5
C  [ROACW) 0.86| 0.93] 0.73] 0.62] 0.77
ROE(%) 8.84[ 871 6.93] 6.22] 8.2l
EPS 2.83] 2,89 2.37T| 2.16| 2.83
D [ROAC%) 0.8 0.82] 0.62] 0.66] 0.68
ROE(%) 8.83] 8.97| T.16] 7.97] 8.9
EPS 197 214 L7694 215
E |[ROAC%) 0.93] 0.99] 0.94] 0.92] 0.94
ROE(%) 11.08] 10.17 9.3  9.55| 10.39
EPS 2.3  2.25] 2.04] 2.18]  2.36
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305 i B §d2 Aot At A 49(2007~2022 &)

3B S TiaEg | ¢ ik | L | S E | B
% 8 22t % (NPL)% 0.5203 0.32 | 0.4825 0.02 2.44
F A~ i % (BIS) % 12.84| 13.04| 1.676 9.74| 16.91

@ T A3 (ROA)% | 05422 050| 0309 002] 1.75

A F 37 Y 5 (ROE) % 5.938 5.59| 3.393 -096| 19.95

& 9 2 4 (EPS) 1286| 122| 0722 -015| 386
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L6 P REHFT AT 2 A% % (2007 #~2018 &)

~
" F.*g_ 3R i % & . : i}
T % H (ROA) B ¥ 1 2007~2018
Bk % #c t i@ p-value
-0.162973 -3.475 0.0006%**

é‘ P—g;;:k-»;L S

0.0459644 2.740 0.0068***

TR
TR KR AR R
TRk LR LR n 4 0000 ~ 950 ~ 90%:ri oK B TR F I R AT T
BiK -
PO T AR F 2 A 7% % (2007 £ ~2018 &

[ |Léﬁgp%;:fﬁ”

&)@
CF A ESHN T AP S (ROA)T HEFLHE -

LL _‘_%.\

F 7 pREEFFTAFPFZ A 7.5 5 (2019 £~2022 #)

. F AR { \ ~

T % B (ROA) iy & 2019~2022
PRk ZE t & p-value
b e -1.3376 -1.908 0.0654*
= : 1.4 1
F ki £ 0.0689 50 0.1569

FH kR AR
S p Rk kKX 2% 0006 ~ 9506 ~ 90%:N1E ok BT R F A
B

B BCH T AR 2 A 478 5 (2019 #~2022 &) 2134 B 2k

W E T AFAF(ROA)T BEF 2 B o
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o B;ﬁ\*g;';ﬂ;ﬁmj: ; . )
T % dic (ROE) # ¥ : 2007~2018
Bk % #c t i@ p—Value
é‘ P‘%;Q*—» AN :“2: '13991 '2656 0.0084***
F A EF 0.1444 0.8544 0.3937
S A f R

TR KR MR ORI

Tpoookkk | kk k3 = 4 0004 ~ 950 \QO%E'—jjfg,;;,kzg.'r &F‘:g‘ﬂ:. %k’ﬁ‘;z

=

B .
B8 BCE I R X 2R Sk 2 A 49 4 5 (2007 £ ~2018 £)17 21 8
e F LA F S (ROE) G B ¥ 2 B8 o
200 P ORECHE K EE WP S 2 A 4752 % (2019 £ ~2022 &)

) IRC T ALY NI

T %  (ROE) B 2019~2022
PR e t i p-value
b Hp et -16.8477 -3.316 0.0014***
% ki -0.2698 -0.8103 0.4204

TR kiR AT IR
T RRR KK Lk R 4 0006 ~ 950 ~ 90%: i s R BT R E e R AT F
Bk o

BB LB F IR R 2 A 452 % (2019 £~2022 #)1F 4134 Hp

A SR AR LR (ROE)F MF LB
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9 BB } .

s # FF : 2007~2018
Rk (EPS) '

Bk % Hc t i@ p-value
W% 2L & -0.4393 -4.082 0.0061***

2 S =

F A S 0.0258 0.7477 0.4554
N 3 2 _._1\

T kR AR R

FLoLREE AR AL T B 99% ~ 95% ~ 90% i R BT R F R AT
Bk o

PR BCHEF R P A2 4 7.2 % (2007 £~2018 #)1F
F g E L PA(EPS)T B EFEL B o

[Z]

R VRES

2 11 f SEHI NP2 A 475 % (2019 £~2022 #)

S I S

&% #H R 2019~2022

&%k (EPS) J

PRk EE t & p-value

b B L & -4.6673 -3.859 0.0002***

e -0.1571 -1, . *

F ki B 0.15 983 0.0512

TR KR AFT R
LoD RRE LR AL T A 99% ~ 95% ~ 90% i K BT R F R LAY
B3X e
BB F R P A2 A 1758 % (2019 £ ~2022 & )17 O Hp A ok

FAFTAMFESFHELFIHAEPS) Y EF BT
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% 12 77 %% 4 5 (COVID-19 #)
=y ik g BRK Rp T ERFL
HI | NPL 4177 5% % »c2 ROA £ & % [+ §/ & £
H2 NPL 427 5% % »c2. ROE £ & % 4 84 2
H3 NPL %4427 (& 4 % »c2. EPS £ A8 ¥ B/ R 4
H4 | BIS #1417 '5 % % »c2 ROA L B 5 £ 3/ 5 £
H5 BIS 44427 4 % »c2. ROE £ Bg ¥ 4 85 F
H6 BIS #4427 o ¥ % »c2. EPS & B ¥ 1B %% F:d
% 13 =7 &% 4 5 (COVID-19 &
g Bk g Bk L FERFM
H1 NPL $+42(7 554 4 »22. ROA & & ¥ |4 8 &8 (30 17)
H2 | NPL %1427 54 4 »c2 ROE & & ¥ |1/ & i
H3 NPL 44217 554 4 »22. EPS E B ¥ |4 8/ &8 L.
H4 BIS 1427 55 ¥ ¥ 222 ROA £ & ¥ {4 2 48 #
H5 BIS #4237 /= % % »c2 ROE £ &8 % 14 82 % F:d
H6 BIS ¥4 {7 /o 4 % »c2. EPS £ B8 % 4 2 %0 2 (316)
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EBENEEET (VIF)

B/ BlafE = 1.0

VIF { > 10.0 Bf, ETARARENY (collinearity) [
v3 1. 643
BIS 1.643

SEA: VIF() = 1/(1 - R(j)72), Ed R(j) &% ; AEHNECEENT
18 1ERA{% %Y (multiple correlation coefficient)

Belsley-Kuh-Welsch collinearity diagnostics:
variance proportions

lambda cond const v3 BIS
2. 606 1.000 0.001 0.030 0.001
0.389 2.589 0.002 0.517 0.005
0.005 23.382 0.997 0.453 0.993

lambda = eigenvalues of inverse covariance matrix (smallest is 0.00476763)

cond = condition index
note: variance proportions columns sum to 1.0

According to BKW, cond >= 30 indicates “strong” near linear dependence,
and cond between 10 and 30 “moderately strong”. Parameter estimates whose
variance 1is mostly associated with problematic cond values may themselves
be considered problematic.

Count of condition indices »>= 30: 0

Count of condition indices >= 10: 1
Variance proportions >= 0.5 associated with cond >= 10:

const BIS
0.997 0.993

Bl 3 st F A L2 [ ens ik %(2007~2022 &)
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ﬁ
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F2 B 54 E A2 K AE(VIF=1.643<10) -
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M- 0 A AT & % 2. B (2007~2022 &)

FIH RO ANDL) B R BIS) A EE SR (ROA) B IR ROR) SRR (EPS)

2007/03 22) 11.14 0.13 219 0.52
2007106 2.09 1041 0.27 457 1.03
2007/09 244 1123 0.37 6.29 1.5
2007112 167 11.09 0.5 8.61 204
2008/03 174 1131 0.15 258 0.56
2008/06 177 112 0.28 476 1.08
2008/09 178 1098 0.3 6.2 1.25
2008/12 1.5 10.59 0.42 6.9 1.38
2000103 179 10.79 0.1 1.67 0.36
2009106 173 10.39 0.18 3.03 0.62
2009/09 1.59 10.74 0.3 5.05 1.06
2000112 1.43 10.58 0.38 6.1 1.28
2010003 1.3 10.8 0.1 1.67 0.34
2010006 1.25 1076 0.2 3.36 0.7
201009 1.06 10.79 0.3 5.08 0.97
201012 0.89 11.06 0.38 6.93 1.28
2011103 0.8 11.02 0.1 173 0.34
2011106 0.71 10.74 0.21 3.601 0.72
2011/09 0.73 106 0.32 5.34 |
201112 0.71 10.23 0.38 6.51 119
2012103 0.76 104 0.1 1.88 0.35
2012106 1.08 10.67 0.2 .84 0.69
2012/09 1.03 12.04 0.31 5.21 107
2012112 0.72 12.63 0.35 0.04 L1l
2013103 0.72 12.63 - 1.69 0.33
2013/06 0.7 1232 0.19 3.14 0.04
201309 0.73 12.23 - 471 0.95
201312 0.65 1226 0.36 3.7 117
2014103 0.6 1222 - 118 0.35
2014106 0.52 1244 0.2 3l 0.76
2014109 0.48 1225 - 3.59 117
2014/12 0.38 12,74 0.33 4.834 1.46
2015003 0.41 13.69 - 1.52 0.36
2015006 0.37 125 0.24 34 0.73
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ek = B AT & % ez #dy (2007~2022 )

IR REIHEELROPL) B AERE(BIS) SEAERIFERON B EHIFE ROR) S R EPS)

2007/03
2007/06
2007/09
2007712
2008/03
2008/06
2008/09
2008/12
2009/03
2009/06
2009/09
2000112
2010/03
2010/06
2010/09
201012
2011103
2011106
2011009
201112
2012003
2012006
2012/09
201212
2013/03
2013106
2013/09
201312
2014103
2014106
2014/09
2014112
2015003
2015106

1.6
142
1.6
143
142
1.24
1.09
1.06
1.08
l
0.83
0.7
0.58
0.1
0.1
0.43
0.38
0.38
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0.2
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0.38
0.36
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0.1
04
0.3
0.22
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10.58
10.39
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FIREERERNPL) BB BLS) AR

2007103
2007106
2007/09
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2008/03
2008/06
2008/09
2008/12
2009/03
2009106
2009/09
2000712
2010/03
2010006
201009
2010/12
2011103
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1.29
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1
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1.27
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T E 411 4 % ficz 9k (2007~2022 &)

FIEHIHELRNPL) AR RBIS) AR AR ROA) RS AS BMIEEROR) BB EPS)

2007/03 171 12.24 0.24 2.85 0.45
2007/06 1.5 118 0.49 5.3 0.9
2007/09 147 1242 0.78 89 145
2007/12 148 1113 0.74 8.16 1.31
2008/03 1.19 10.83 0.15 1.08 0.18
2008/06 0.8 10.02 0.4 3.60 0.62
2008/09 0.34 10 0.6 5.59 0.93
2008/12 0.93 11.03 0.58 5.32 0.92
2009/03 0.92 11.56 0.14 1.46 0.25
2009/06 0.34 11.65 0.42 438 0.6
2009/09 0.75 11.95 0.66 1.55 1.26
2000712 0.55 12.1 0.85 9.8 1.65
2010/03 0.43 1241 0.22 275 0.49
2010006 0.34 11.2 0.49 0.8 1.24
2010/09 (.34 1131 0.75 10.25 1.34
2010/12 0.28 1117 0.86 118 2.16
2011/03 0.39 1217 0.25 332 0.61
2011106 0.37 11.92 0.48 0.61 1.19
2011/09 0.3 1167 0.7 9.71 179
201112 0.28 1178 0.84 1133 213
201203 0.26 1157 0.24 34 .66
2012106 0.33 10.96 0.48 6.91 1.09
2012109 0.3 11.94 0.72 1042 1.98
201212 (.34 12.38 0.81 11.33 2.5
2013003 0.35 1165 - 3.39 0.68
2013/06 0.35 13.06 0.1 1.2 1.26
2013109 0.3 1472 - 10.11 19
201312 0.29 13.46 0.94 12.46 2.34
2014/03 0.3 132- 405 0.83
2014106 0.18 13.94 0.62 7.94 1.57
2014109 0.27 1391 - 1117 2.25
2014112 0.29 16.19 1.02 12.86 2.63
2015003 0.23 16.33 - 3.74 0.82
2015/06 0.16 159 0.59 1.7 1.61
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B 4
(R4 47~

Model 1:

Missing or incomplete observations dropped: 40

PRBEHT AR S 2 7 HE % (2007 £~2018 &)
> p. 34 % 6 PR T AR S 2 A 455 % (2007 £-2018 £))

OLS, #HEdzFHEFEE: 2019:1-2037:3 (T = 35)

s BB R T RS
Model 1: OLS, #MAHzFHAEZB: 2007 1-2066:4 (T = 180)
Missing or incomplete observations dropped: 60
fELEE®) (Dependent variable): ROACcaaaaea
coefficient std. error t-18 p—value

const 0. 0978440 0.224420 0.4360 0.6634

v3 -0. 162973 0. 0468959 -3.475 0.0006 *xx

BIS 0. 0459644 0.0167782 2. 740 0. 0068 *xx
Mean dependent var  0.533833 S.D. dependent var 0.314844
Sum squared resid 14. 16704 S.E. of regression 0.282913
R-squared 0.201572 Adjusted R-squared 0. 192550
F(2, 177) 22.34275 P-value(F) 2.23e-09
Log-likelihood -26. 62544  Akaike criterion 59, 26088
Schwarz criterion 68. 82975 Hannan—-Quinn 63. 13470

FELEE®) (Dependent variable): ROACcaaaaea
coefficient std. error t-{8 p-value

const -0.118953 0. 759672 -0.1566 0.8766

v3 -1. 33763 0.701160 -1.908 0.0654 *

BIS 0. 0689211 0.0475398 1. 450 0. 1569
Mean dependent wvar  0.585429 S.D. dependent var 0. 258074
Sum squared resid 1.702568 S.E. of regression 0.230663
R-squared 0.248138 Adjusted R-squared 0.201147
F(2, 32) 5.280502 P-value(F) 0.010428
Log-likelihood 3.243335 Akaike criterion -0. 486670
Schwarz criterion 4.179374 Hannan—-Quinn 1. 124048

B S

PRBEHT AT 2 F %% (2019 £~2022 #)

(BO¥R*%H> p.34 4 7Tp FEHEFTAFHMIF2Z L7585 52019 £-~2022 %))
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Model 1: OLS, ##AdzFHEHE: 2007 1-2066:4 (T = 240)
L) (Dependent variable): ROEBiacac

coefficient std. error t-18 p—value
const 5.24210 2. 30398 2.275 0.0238 *x*
v3 -1.39908 0. 526667 -2. 656 0.0084 *xx
BIS 0. 144395 0. 168994 0.8544  0.3937

Mean dependent var 6.167792 S.D. dependent var 3.b33713
Sum squared resid 2800.943 S.E. of regression 3.437779

R-zquared 0.061480 Adjusted R-squared 0. 053560
F(2, 237) 7. 762563 P-value(F) 0.000543
Log-likelihood -635.3939  Akaike criterion 1276. 788
Schwarz criterion 1287.230 Hannan-Quinn 1280. 995
rho 0.367497 Durbin-Watson 1. 263972

Bl 6 p REHLAIEIEM T2 FHELE S (2007 £~2018 #)
(Bl6 %P A%~ D304 8 f SHBH LA BIFPIZAPES

(2007 #-~2018 #))

Model 2: OLS, #EPzFHEEHB: 2019:1-2037:3 (T = 75)
FELEE®) (Dependent variable): ROEBiacac

coefficient std. error t-18 p-value
const 12. 6962 5.41910 2.343 0.0219 *x
v3 -16.8477 5.08089 -3.316 0.0014 *%x*
BIS -0. 269821 0. 332997 -0.8103 0. 4204

Mean dependent var  5.203067 S.D. dependent var 2.570752
Sum squared resid 419.1316 S.E. of regression 2.412731

R-squared 0.142966  Adjusted R-squared 0.119159
F(2, 72) 6.005320 P-value(F) 0.003872
Log-likelihood -170. 9465  Akaike criterion 347.8930
Schwarz criterion 354. 8455 Hannan-Quinn 350. 6691
rho 0.673322 Durbin-Watson 0. 645719

B 7 pREHEAEIFMI L FES* (2019 £~2022 &)
(MTHPEAH? D35 & 0 f REHRAELIFPF 221785

(2019 #~2022 £ ))
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Model 2: OLS, AP zFHEEIB: 2007 1-2066:4 (T = 240)
FELE®Y (Dependent variable): vé

coefficient std. error t-{8 p-value
const 1.24384 0.470790 2.642 0. 0088 *okok
v3 -0. 439272 0. 107618 -4.082 6. 11e—-05 **x
BIS 0. 0258206 0.0345319 0. 7477 0. 4554

Mean dependent var 1.292958 S.D. dependent var  0.743804
Sum squared resid 116.9504 S.E. of regression 0.702468

R-squared 0.115523 Adjusted R-squared 0.108059
F(2, 237) 15.47743 P-value(F) 4. 81e-07
Log-likelihood -254. 2785  Akaike criterion 514. 5571
Schwarz criterion 524.9990 Hannan—Quinn 518. 7644
rho 0.414293 Durbin-Watson 1. 169822

Bl 8 § WEHT LA F LS (2007 £~2018 &)
(B84 A% 0364 10 p PBHF P2 A 455 % (2007 £~2018 £))

Model 3: OLS, fiﬁanhz%bﬂiiﬁ 2019:1-2037:3 (T = 75)
EES) (Dependent variable):
coefficient std. error t-18 p-value
const 4, 51937 1.28982 3.504 0.0008 xx
v3 -4, 66732 1.20932 -3.859 0.0002 *xx
BIS =0. 167131 0. 0792580 -1.983 0.0512 «*

Mean dependent var 1.262000 S.D. dependent var  0.622295
Sum squared resid 23. 74407 S5.E. of regression 0.574264

R-zquared 0.171427 Adjusted R-squared 0.148412
F(2, 72) 7.448217 P-value(F) 0.001148
Log-likelihood -63. 28957  Akaike criterion 132.5791
Schwarz criterion 139.5316 Hannan-Quinn 135. 3662
rho 0.736089 Durbin-Watson 0.520494

B O f RBHEI L P2 P ELE (2019 £~2022 &)
(FIOHPE A% p.36 % 11 f SBHS L o2 2155 % (2019 £-2022 #))
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Vhite’s EEEERTE (OSFHE)
OLS, ﬁm*z%ﬁz&ﬁl 2007: 1-2066:4 (T = 180)

Missing or incomplete observations dropped: 60
fELE®) (Dependent wvariable): uhat 2

coefficient std. error t-8 p-value
const -0. 694752 0.593464 =111 0.2433
v3 0. 0850106 0.0671711 1. 266 0.2073
BIS 0. 104501 0.0922928 1.132 0. 2591
sq v3 -0. 0354566 0.0318012 -1.1156 0. 2664
sq BIS -0. 00351455 0.00358664 -0,9799 0. 3285

Unadjusted R-squared = 0.028507

Test statistic: TR'2 = 5.131305,
with p-value = P(EARDE (Chi-square) (4) > 5.1313058) = 0.274088

B 10 p S#EHFT A FFF 2 White # %4 $7(2007~2018 =)

RESE (Frequency distribution) for residual, obs 1-240
number of bins = 13, mean = -1.85037e-017, =d = 0.282913

interval midpt frequency rel. cum.
< -0.49226 -0.55975 2 1.11% 1.11%
-0.49226 - -0.35729 -0.42478 9 5. 00% 6.11% *
-0.35729 - -0.22232 -0.28980 30 16.67% 22, TB% *kkokkk
-0.22232 - -0.087345 -0. 15483 41 22.78%  45.56% *kxkkkkk
-0.087345 - 0.047628 -0.019858 24 13.33%  58.89% *¥¥k
0.047628 - 0.18260 0.11512 34 18.89%  T7.78% *¥kkkk
0.18260 - 0.31757  0.25009 15 8.33%  86. 11% *kx
0.31757 - 0.45255  0.38506 12 6.67%  92.78% *x
0.45255 - 0.58752  0.52003 6 3.33%  96.11% *
0.58752 - 0.72249 0.65501 6 3.33% 00, 44% *
0.72249 - 0.85747 0.78998 0 0.00% 99, 44%
0.85747 - 0.99244  0.92495 0 0.00% 99, 44%
>= 0.99244 1.0599 1 0.56% 100.00%

BAEPEERE = 60 (25.00%)

WEESA FRESE NEERS:
H§.3 (Chi-square) (2) = 19.821 with p-value 0.00005

Feies @mi&) P ' T ‘5‘%55—
FHSE (Chi-square) (2 - 19. 821

Density

0.5 0 0.5 1
residual

B 11-1-11-2 p REHTAFPI 2 ALY BB LSS
(2007~20018 )

57



Vhite’ s BEEERTE (OSFH@E)

OLS, ﬁﬁi EPES > %l 2007: 1-2066:4 (T = 240)
3:35! {Dependent variable): uhat 2

coefficient std. error t-{8 p—value

const -51. 6800 73.5710 -0.7024 0.4831
v3 6. 17862 9.16914 0.6738 0.5011
BIS 7.91754 11. 2501 0.7038  0.4823
sq v3 -2. 03906 4, 46621 -0. 4566 0.6484
=sq BIS -0. 238394 0.430383 -0.5539  0.5802
Unadjusted R-squared = 0.016106

Test statistic: TR'2 = 3. 865441,

with p-value =

Bl 12 p REFUABZFP I 2

P{(EFHDE (Chi-square) (4) > 3.865441) = 0.424523

White # z_%4 17(2007~2018 &)

REDE (Frequency distribution) for residual, obs 1-240
number of bins = 15,

mean = 2.64233e-015,

interval midpt  frequency
< -6.2410 -6.9555 2
-6.2410 - -4.8119 -5.5264 8
-4.8119 - -3.3828 -4.0974 35
-3.3828 - -1.9538 -2.6683 30
-1.9538 - -0.52469 -1,2392 39
-0.52469 - 0.90438 0.18984 36
0.90438 - 2.3334 1.6189 34
2.3334 - 3.7625 3.0480 17
3.7625 - 5.1916 4, 4771 23
5.1916 - 6.6207 5. 9061 8
6. 6207 - 8.0487 7.3352 3
8.0497 - 09,4788 8. 7643 3
9.4788 - 10.908 10. 193 0
10.908 - 12,337 11.622 1
>= 12.337 13. 051 1

oA TEREDE) MERRR

WEE D
£H 78 (Chi-square) (2) =

0.12

rel.

0.83%
3.33%
14.58%
12.50%
16. 25%
15. 00%
14.17%
7.08%
9.58%
3.33%
1. 25%
1.25%
0.00%
0. 42%
0.42%

sd = 3.43778

18. 75% Akkdok
31, 25% xkkx
47, 50% #kkkk
(2. 50% #okkokk
Th. BTH *dkkk
83. 76% **

93. 33% *kk

100. 00%

17. 260 with p-value 0.00018

0.1

0.081

0.06

Density

0.041

0021

B 13-1 - 13-2

&

FRERE (ormlic) SEEE:

FH4E (Chi-square) (2) = 17.260 [0.

i % ¥c$t ROE 2.

0
residusl

7 A ¥

58

relative fx'euuencY ]
N(2.6423¢-15

(EA S

478 —

i % (2007~2018 &)



Vhite’s EEFEERE (BEFHIE)
OLS, fEFPzFHRFFE: 2007: 1-2066:4 (T = 240)
fEEE®) (Dependent wvariable): uhat’ 2

coefficient std. error t-18 p-value
const -1. 60221 2. 79643 -0.5729 0.5672
v3 -0.517592 0. 348518 -1.485 0.1389
BIS 0.313804 0.427616 0.7341 0.4636
sq v3 0. 2539855 0. 169760 1. 496 0. 1360
sq BIS -0.0106323 0.0163588 -0.6438 0.5203

Unadjusted R-squared = 0.032809

Test statistic: TR"2 = 7.874193,
with p-value = P(EFH S E (Chi-square) (4) > 7.874193) = 0.096297

Bl 14 p S#c¥5 % @ 42 White th 4 +7(2007~2018 #)

RSB (Frequency distribution) for residual, obs 1-240
number of bins = 15, mean = 1.60057e-015, =sd = 0.702468

interval midpt frequency rel. cum.
< -1.2414 -1.3749 2 0.83% 0.83%
-1.2414 - -0.97433 -1.1078 7 2.92% 3.75% *
-0.97433 - -0.70731 -0.84082 37 15.42% 19, 17% *¥kkx
-0.70731 - -0.44029 -0.57380 26 10.83%  30.00% *%x*
-0.44029 - -0.17327 -0.30678 34 14.17% 44, 17% *kkkk
-0.17327 - 0.093755 -0. 039756 36 15.00% 59, 17% *kkkx
0.093755 - 0.36078 0.22727 27 11.26%  70.42% *%*x
0.36078 - 0.62780 0. 49429 28 11.67% 82, 08% x¥xx
0.62780 - 0.89482 0.76131 15 6.25%  B88.33% *x*
0.89482 - 1.1618 1.0283 156 6.25%  04.58% *x
1.1618 - 1.4289 1. 2954 6 2.50%  97.08%
1.4289 - 1.6959 1.65624 1 0.42%  97.50%
1.6959 - 1.9629 1.8294 4 1.67%  99.17%
1.9629 - 2,2299 2.0964 1 0.42%  99.58%
>= 2.2299 2.3634 1 0.42% 100.00%
WERDA FRESER) MEERR:
FHADE (Chi-square) (2) = 17.507 with p-value 0.00016

AEERE ({\unllity) HFEE. .\'(L"htiv;:'n,fae%f')y-
FHHE (Chi-square) (2 = _

041

Density
o
w

021

2 -5 =% -0.5 0 0.5 1 15 2
residusl

Bl 15-1-15-2 f SBHF m Pz A L ¥ GIH LES
(2007~2018 )
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Vhite’s BEEBRKTE (RESFHE)

OLS, #MdzFHEEHME: 2019:1-2037:3 (T = 35)
Missing or incomplete observations dropped: 40
FESE®) (Dependent variable): uhat 2

coefficient std. error t-{8 p-value
const -2. 56705 2. 48050 -1.035 0. 3090
v3 -0. 0665365 0.968184 -0.06872 0.9457
BIS 0. 375371 0.338155 1.110 0.2758
sq v3 -0. 688427 2.11159 -0. 3260 0. 7467
sq BIS -0.0131738 0.0114872 -1.147 0. 2605

Unadjusted R-squared = 0. 135971

Test statistic: TR'2 = 4, 7580992,
with p-value = P(EF DB (Chi-square) (4) > 4.758992) = 0.312932

B 16 p % #3474 R 5 5 2 White # 2.4 17(2019~2022 &)

RESE (Frequency distribution) for residual, obs 1-75
number of bins = 7, mean = -3.64788e-016, =d = 0. 230663

interval midpt  frequency rel. Ccum.
< -0.24899 -0.32705 5 14.29% 14, 29% *okkokk
-0.24899 - -0.092855 -0. 17092 7 20.00% 34, 20% *xkockkk
-0.092855 - 0.063277 -0.014789 10 28.57% 62, BE% *kkkokkokkk
0.063277 - 0.21941 0.14134 7 20.00%  82.86% »kkkkkk
0.21941 - 0.37554  0.29747 4 11.43% 94, 20% *xkx
0.37554 - 0.53167 0.45361 1 2.86%  97.14% *
>= 0.53167 0.60974 1 2.86% 100.00% *

BEREERE = 40 (53.33%)

ﬁ%%gﬁ TERSE ) MEERR:
EADE (Chi-square) (2) = 3.229 with p-value 0.19896

2

REERE (hormlity) HFEE: s(_lra?g\:;s’faoquncy_

FHSE (Chi-square) (2 - 3.229 [0.1990]

18

L6

141

12}

1k

Density

0.8F

0.6

0.4

0.2F

0
0.8 -0.4 -0.2 0 0.2 0.4 0.8

residual

Bl 17-1-17-2 f RBHTAFP I 2 AL F LB L%
(2019~2022 &)
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Vhite’s BEEEERTE (BESFHE)
OLS, (BFR th 7 74 A B 2010 1- 2037:3 (T = 75)
&8 (Dependent variable): uhat 2

coefficient std. error t-{8 p—value
const 41.6825 125. 150 0.3331 0.7401
v3 34. 0766 51.7736 0.6582 0.5126
BIS -6. 18676 17.0792 -0.3622 0.7183
sq v3 -110. 137 112.215 -0.9815 0. 3297
sq BIS 0. 246073 0.578470 0.4254 0.6719

Unadjusted R-squared = 0. 112367

Test statistic: TR'2 = 8. 427550,
with p-value = P(EH 7B (Chi-square) (4) > 8.427550) = 0.077114

B 18 f SdcHin &8 £ 27 9 % 2. White # %4 45 (2019~2022 )

REAE (Frequency distribution) for residual, obs 1-75
number of bins = 9, mean = 2.03689e-015, =d = 2.41273

interval midpt frequency rel. cum.
< -3.5873 -4.1072 5 6. 67% 6. 67% **
-3.5873 - -2.5475 -3.0674 9 12.00%  18.67% **xx
-2.5475 - -1.5077 -2.0276 10 13.33% 32, 00% #kkx
-1.5077 - -0.46790 -0.98781 9 12.00% 44, 00% *%xx
-0.46790 - 0.57190 0.051999 11 14. 67% B8, 6TH *¥xkk
0.57190 - 1.6117 1.0918 9 12.00%  70.67% *¥xx
1.6117 - 2.6515 2.1316 10 13.33% 84, 00% *¥xx
2.6515 - 3.6913 3.1714 8 10.67% 94, 67% **x
>= 3.6913 4,2112 4 5.33% 100.00% *
REEDA 'FRESE) NEEMRR
A58 (Chi-square) (2) = 5. 873 with p-value 0.05305

0.18

BEERE (normlity) SEEEHE: . 036?‘:1 r;m‘xlag’c_)y_

FH4E (Chi-square) (2) = 5873 [0.0531]

016

0141

0121

Density

residual

B 19-1~19-2 p %% ROE 2.7 £ # iu M4 T % % (2019~2022 #)
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Vhite’'s EEEERTE (OSEAHE)
OLS, LT s ] 2019:1-2037:3 (T = 75)
FELE®) (Dependent variable): uhat 2

coefficient std. error t-{8 p-value
const -2. 95923 T7.41605 -0. 3990 0.6911
v3 0. 984378 3. 06797 0.3209 0. 7493
BIS 0.414399 1.01207 0. 4095 0. 6835
sq v3 -4, 183256 6. 64959 -0. 6291 0.5313
sq BIS -0.0129156 0. 0342786 -0.3768 0.7075

Unadjusted R-squared = 0. 068772

Test statistic: TR'2 = 5. 157898,
with p-value = P(EFDE (Chi-square) (4) > 5.157898) = 0.271476

B 20 p % #c¥= % F 42 White # 24 7(2019~2022 &)

REDE (Frequency distribution) for residual, obs 1-75
number of bins = 9, mean = 1.9007e-015, =d = 0.574264

interval midpt  frequency rel. cum.
< -0.79863 -0.93263 6 8. 00% 8. 00% *x
-0.79863 - -0.53064 -0.66464 9 12.00% 20, 00% *%kx
-0.53064 - -0.26265 -0.39664 14 18.67%  38. 67X #kkkkk
-0. 26265 - 0.0053447-0. 12865 10 13.33% 52, 00% *x¥x
0.0053447 - 0.27334 0.13934 10 13.33% 65, 33% *kkx
0.27334 - 0.54133  0.40733 8 10, 67%  76.00% *xx
0.54133 - 0.80932 0.67533 14 18.67% 94, 67% *kkkk
0.80832 - 1.0773 0.94332 3 4.00% 98.67% *
>= 1.0773 1.2113 1 1.33% 100.00%

12??% MERESER) NEERSR:
baYld (Chl—square)(Z) 5.893 with p-value 0.05253

0.7

y i) B i relative frequency Emmm
BEERTE (hormlity) RIFETE: .\‘(LI&DT::S, B‘?Tl:;)y

FHHE (Chi-square) (20 - 5.893 [0,

0.6

0.5F

0.4

Density

03f

02r

-15 -1 0.5 0 0.5 1 15
residusl

B 21-1-212 p o lciHE m Pz AL ¥ Lk g
(2019~2022 )
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