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{Table 1) Unit root test

Table 1 shows the results of unit root test that is for testing stationarity. The figures in
parenthesis represent p-values. For this testing, we set up the null hypothesis that each time
series have unit root. If the null hypothesis is rejected in each case, it is concluded that the
time-series are stationary.,

Panel A : ADF Test

Korea market Japan market

Level 1% Difference Level 1 Difference
Stock index -1.3051 -42.7196 -1,5293 32,6025
(10.6293) (0.0000) ( 0.5186) (0.0000)
Volatility index -3.3132 -9.0714 -2,6235 30,9432
(0.0145) (0.0000) ( 0.0883) (0.0000)
5 -1.9718 -8.9150 -1,7953 -8.4243
oY obs (10.2996) (0.0000) ( 0.3832) (0.0000)

Panel B : Philips Perron Test

Korea market

Japan market

Level 1% Difference Level 1% Difference
Stock index -1.3045 -42.7139 -1.5191 -44 4711
(1 0.6290) (0.0000) (1 0.5239) (0.0001)
Volatility index -3.3836 51,5315 -3.0404 514742
( 0.0117) (0.0001) ( 0.0315) (0.0001)
SY CDS -2,3400 -30.2811 -1,0936 40,2823
(0.1575) (0.0000) ( 0.7205) (0.0000)

(Table 2)-& @0 ALgE A W42] MBto] T3 2F 5

A RS\ 7ke) DA A4 S0l E Wk WE
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(Table 2) Summary statistics

Table 2 shows the summary statistics of stock index, sovereign CDS spread and volatility index.,
It is analyzed for three sub-sample periods based on financial crisis,

Panel A : Korean market

AlnS AVOL(%) | ACDS(bps)
mean 0.0006 -0.03 -0.02
. , stdev 0.0155 1.80 8.85
Entire sample period
max 0.1128 23.00 137.00
min -0.1117 -13.92 -147.11
mean 0.0009 -0.04 -0.07
Before financial crisis stdev 0.0135 1.08 2.62
(Before the year 20006) max 0.0488 7.48 30.04
min -0.0590 -3.69 -16.43
) ) ) . mean 0.0000 0.03 0.36
During financial crisis
stdev 0.0201 2,93 15.24
(Between the year 2007
max 0.1128 23.00 137.00
and 2008) -
min -0.1117 -13.92 -147.11
mean 0.0009 -0.07 -0.33
After financial crisis stdev 0.0134 1.35 8.12
(After the year 2009) max 0.0421 8.49 40.26
min -0.0622 -3.89 -30.03
Panel B : Japanese market
AlnS AVOL(%) | ACDS(bps)
mean 0.0000 0.00 0.04
Entire sampl diod stdev 0.0158 1.94 1.71
© Satpie peno max 0.1136 17.67 28.14
min -0.1126 -14,15 -17.59
mean 0.0007 -0.01 -0.02
Before financial crisis stdev 0.0114 1.30 0.44
(Before the year 2006) max 0.0326 15.77 2.67
min -0.0569 -14.15 -2.460
During financial crisis mean -0,0013 0.06 0.08




Bt U= AIOIA F7IRIS, 37} ODS AmEle U HSAe 2ol o - 3 2 [EE
stdev 0.0218 2.73 1.42
(Between the year 2007
max 0.1136 17.67 13,12
and 2008) - -
min -0,1126 -10.78 -17.59
mean 0.0001 -0.06 0.15
After financial crisis (After stdev 0.0158 1.95 323
the year 2009) max 0.0591 9.99 28.14
min -0.0525 -7.08 -15.82
2, 97 2

ACDS, = oy + 3,675 « Aln (), +E%CC’S - ACDS,, ;) (1)

J
+ 330"« AVOL,_j + ey,
J

Aln (s —a2+§]5<mk .« Aln(9) (t—1)+272(d5 - ACDS,, ;) )

+25<“”> AVOL;_ j+ey,
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+ 253' oD e AVOL; j+ey,
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2] 3L €, = tA| O] ARk gt

HE 7S A o] AHEEE A s HHshe AEE= AlC(Akaike
Information Criterion), SC(Schwarz Information Criterion) 18] 31 HQ(Hnnan-Quinn
Information Criterion) ©] AF&-E T 2 =& Al = SCeHHQ & & 4k &9l g1
2RI, o] & A& BT JY = 7= Aol slo] AIC A3
Ao & gt

B

£ o83k



EHZ8ET M7 M=

14

T

i

=73

il ) Ej2}7] 2] 7] 2o

[

o

g

7 2WA ATBA A

i AIg el A Akm EA o=

KX
=

Aol &

AAALE 7] BAlA ek

.ﬂo

].

= Ao g etste] A4

2} A 25

S

A

2e 7

gau

A Al gel Af

)

0
;OT
T
o|

)

&R

¥

wl

FAlol
2 o\ W Al WA W A 4ES

]
e

__00
go

A

1:

)
X

o

w4 Bel

)

c}

3

3|

lv_Alo

ol AAE 777l thgt wald 4

o qlon, ofEl Aol ThE Aol visy

f set

Aol s

o

3

jo-

§E e ol g3 %, okl AAE vt

2 A4 98

ojuf, ZLsHA kA
oF o], VAR(p) L o A EA

S
T

e 7ol gt F-

K

(4)

/p\l/
=
3

w%
A |
&
SR
N R
)

2R
I
&,

Foll A 2] HAA|

71438

1
.

o714, SSE,-& B4 Aguse] A4t mE o]}

3+, SSE,+ Aok

Sl

718 B o] AL =& 2y

olch ot AEA 7% me HA #H1

2 Wald 4= o1&

Xeie]
o —

t}



B2 U= AN F7IKKY, 27F CDS ATRS U HEAXK Zio] A -

0%
el

Al

-IOII

£o] Wsks T7h DS AZA =] MRS AAshA] o
19] A& A9 2] (Do]lA] giriet) o] mE oJo] kS FhAH 4](5)
Z, A0 W37t 27t Chs AZY Eo] HIlE

Hy=pi" = =p"* =0 5)

=7} CDS A3ZH E9] Moy} A=) Mols Adagrtvhal g 71 200 o3y
A A @04 35 & ol83te] ofefel o] A(6)9] FHE7HIE vrekd 4= 9l

HO _ 5gk{)51,, — Jnkosm =0 (7)

2,m

RE7RA R, FA 0l E e Mg Ao HekE A3ttt o 7 4=

A 3)0ll A 659" & o] gto] RIS HrIsh ohgat Pt
Hy =" == p* =0 ®)

H54 A4=0] Wsl7L 7} cDs WBHE AR aehs 714 st 4] ()] 7] 25}l

Hy =850 == g7 = 0 ©)

upx|ufo R 7} CDs A o] Wkl MEAX|40] Weks Aadths 71
A 60l g FIFALL A Gol A 755 e ol g5te] SalgeE T} 2.



B =sizses xera mus

Hy=q55 = .= =0 (10)

AN RAL of W40 3 The] WSlo] w2 F7o] ThE W] ulAE

A7} Aufh S Ao Bt AR Ae) 2ok = e R 37w
EEEL AN A oAk %3 MSHE A7} oA o By

£ Wig5o] Agte] S| wet o] 7 F o] gHertE ek 5
Jo] hule

AR(Autoregressive)

Yyy=pt Py e 6+ Pp o6+ Py 06yt an

v
7| A WEY A ¢ 0] o olnjghy 2Ee & 9t = BE AlHA

TP BE 2ol UHT ul, @, oA vl Bk A Do Ui A |
WA gl AgsHs ke, )0 B THS] B7E sl lA] A wAe] g

i,
(i 90 BIAHE BRE hebih so] Beha B 4 s — ol MR %
t

43R0 LHsiehs e, g, 7t 7heks o wel Sl jal y,, . 7
719 W45 F2o] BASHES W) FFoIA Mol ks HE

oo
Ol
o
FIF
ol
1
N
R

SAst7] S8l dlSeate] A Eefishe WS o83tttk =



BT} Qi AJOIA F7IRK, B} ODS ATHE U HSARK: 210l A - 38 b

Sh Bl &2 HESH Alolth. o] 2 o] gate] 3 wse] WatkE Myl glo] B

Uk A (DE &3l v, 4,2 o] Lt

AR ASAE 242 A (122 13) = Vet A of33 Ao
Yirp =0T Py » €4, TP o€y 1+Dy 0 6,0 ot (12)
Ely L] =p+@, « e, +®, 1« ¢, + .. (13)
9] A 12)3 (13)= 2Rtshd p7] 39| oS3t 4] 149 -2 4= v
(14)

>\t+p\t :Z/Hp*E[prUt}
=Dy €6, TP 6, T D, 6y

®i11 iz Pins

7|4 &, = [@,21 ®i,22 ‘15125]?4‘31 Aolsta, InS,, VOL,, CDS; o gk P7] 9]
®i,31 Pi32 Pi33

t+ plt> A VOL,t+ plt >‘(*Db ot + plt E}—L O}Z]' 1‘3 D:] oﬂﬁix}—J

= Alns,t
HAabo] ohgat z;% How wHE 4 o,
Var[}‘lnS,terIt] = [¢(2JA,11 +ot @2;7 1,11} + [¢(2),12 +..t ¢1277 1,12] (15)
+[¢3,13+~~+¢f}71,13]

VC”’[)\ VOL.,t+p|t] = [%,21 +...+ ¢;2;f 1,21] + [¢g,22 +.t ¢;2;7 1,22] (16)
+ [%,23 T+t ¢12;— 1,23)

Var[}‘CDS,t-Fp\t] = [¢(2Jsl T+t ¢;277 1,31] + [¢§52 +...+ (1512;7 1,32] 17)
+ [¢(2135 +ot ¢;27— 133]
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(Table 3) Results of Granger—causality test in the Korean market

Table 3 shows the results of Granger-Causality Test in the Korean market, It is analyzed for

three sub-sample periods based on financial crisis. The first row in each panel represents

outcome variables and the second shows causal variables,

Panel A : Entire sample period

AlnS AVOL ACDS
AVOL ACDS AlnS ACDS AlnS AVOL
Chi-Square 69.36 61.09 24.76 188.54 24.88 230.24
P-Value { .0001 ( .0001 0.0017 { .0001 0.0016 ( .0001
Panel B : Before financial crisis(Before the year 2006)
AlnS AVOL ACDS
AVOL ACDS AlnS ACDS AlnS AVOL
Chi-Square 2.83 3.09 4,48 4.25 21.53 6.84
P-Value 0.0925 0.0786 0.0343 0.0392 {_.0001 0.0089
Panel C : During financial crisis(Between the year 2007 and 2008)
AlnS AVOL ACDS
AVOL ACDS AlnS ACDS AlnS AVOL
Chi-Square 4316 42.62 21.04 91.96 25 142,13
P-Value ( .0001 ( .0001 0.0008 { .0001 0.0001 ( .0001
Panel D : After financial crisis(After the year 2009)
AlnS AVOL ACDS
AVOL ACDS AlnS ACDS AlnS AVOL
Chi-Square 7.37 3.22 0.86 0.5 5.85 19.46
P-Value 0.0066 0.0727 0.3534 0.4791 0.0241 { .0001

(Table 4) Results of Granger—causality test in the Japanese market

Table 4 shows the results of Granger-Causality Test in the Japanese market, It is analyzed for

three sub-sample periods based on financial crisis. The first row in each panel represents

outcome variables and the second shows causal variables,

Panel A : Entire sample period

AlnS AVOL ACDS
AVOL ACDS AlnS ACDS AlnS AVOL
Chi-Square 21.78 5.38 33.38 19.18 32.29 5.75
P-Value 0.0002 0.2502 {_.0001 0.0007 {_.0001 0.2183
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Panel B : Before financial crisis(Before the year 2006)

AlnS AVOL ACDS
AVOL ACDS AlnS ACDS AlnS AVOL
Chi-Square 5.39 3.34 2.68 0.55 2.66 0.19
P-Value 0.0677 0.1886 0.2624 0.7583 0.2643 0.9072
Panel C : During financial crisis(Between the year 2007 and 2008)
AlnS AVOL ACDS
AVOL ACDS AlnS ACDS AlnS AVOL
Chi-Square 17.57 12,29 39.27 42 43 33.08 20.55
P-Value 0.0015 0.0153 ( .0001 { .0001 { .0001 0.0004
Panel D : After financial crisis(After the year 2009)
AlnS AVOL ACDS
AVOL ACDS AlnS ACDS AlnS AVOL
Chi-Square 0.01 1.02 0.05 2.38 7.78 0
P-Value 0.9298 0.3117 0.8222 0.1228 0.0053 0.9704
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{Figure 1) Results of impulse response analysis during entire sample period in
Korean and Japanese markets

Figure 1 shows the results of impulse response analysis among stock index, sovereign CDS
spread and volatility index, Each graph represents 95% confidence intervals during entire
sample period (from January 2003 to August 2010). To be specific, each figure in the first,
second, third rows shows impulse response of stock index, volatility index and sovereign CDS
spread, respectively, X-axis of each graph indicates how may days have been passed on after
the impulse reached. The symbol of STOCK, VOL and CDS stands for the change of logged
stock index, volatility index and sovereign CDS spread, respectively. The nine graphs on the left

side are for the Korean market and the other nine graphs on the right side are for the Japanese

market,
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{Figure 2) Results of impulse response analysis during financial crisis period
in Korean and Japanese markets

Figure 2 shows the results of impulse response analysis among stock index, sovereign CDS
spread and volatility index. Each graph represents 95% confidence intervals during the financial
crisis period (between the year 2007 and 2008). To be specific, each figure in th first, second,
third row shows impulse response of stock index, volatility index and sovereign CDS spread,
respectively. X-axis of each graph indicates how may days have been passed on after the
impulse reached. The symbol of STOCK, VOL and CDS stands for the change of logged stock
index, volatility index and sovereign CDS spread, respectively. The nine graphs on the left side
are for the Korean market and the other nine graphs on the right side are for the Japanese
market,
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Abstract

This study investigates the lead-lag relationships among stock index,
sovereign CDS spread, and volatility index in Korean and Japanese
markets. The methodologies we used for clarifying the links among
variables include Granger-causality test, the impulse response analysis
and the variance decomposition analysis based on vector autoregressive
model. In order to expand the research scope and overcome the
limitation of previous researches that have focused on the lead-lag
linkages only in the ordinary economic environment, our research takes
into consideration the distinctive role of financial crisis by splitting the
aggregate time horizon into three sub-periods. Our main finding is that
lead-lag relationships are more pronounced during financial crisis. The
presumable reason would be the speed of transmitting information as
well as the market inefficiency during the crisis. Put it differently, in
inefficient markets where it is hard for any information to be reflected
as fast as possible, one variable can have a predictive power for another
variable. On the contrary, any lead-lag relationship between those three
variables is not found in efficient markets where it is allowed for any
news to be simultaneously transmitted to every markets. The empirical
results exhibit the consistency of links among three variables both in the

Korean and Japanese markets.

* Key words: lead-lag relationships, Granger-causality test, impulse response
analysis, variance decomposition analysis
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(Table 1) Summary statistics for the household data(as of 2009)

This table shows the household characteristics as of 2009, which is the starting year of the panel
data we use for the analysis. Age denotes the average age of household heads, and Married
denotes the proportion of the married households, Single (Female or Male) denotes the
proportion of the single (male or female) households. Education (Undergraduate or Graduate)
denotes the education level of household heads, and Number of Kids denotes the average
number of kids in the households.

Education
. Single | Single Education | Number .
Age s (Female) | (Male) (Undergrad (Graduate) | of kids UasEieien
uate)
51.15 75% 15% 9% 35% 4% 1.13 5039

Bt 67.1%0 A 78. 7%= SISt PHAMEe R BRE = ol AEAR4)
HHH]E2 0.4~0.5% 5 FAISHL lom F8A4bol| Al 2 Ho] 2pA|eh= A
-2 0.1~0.3% <=0l L2 L Qlt,

olof wtaf], thEA QI AR F41& B-J3 7HEH]E-2 20001 10.6%0] 4]
2013 6.8%= 7FAdHs 24| Hol

Kl
s
s
N
flo
i
_ﬁ
cqo
)

~
2
=

N

>,
o
_>|~1_‘
N

Sk A E ESF Hat 5.2%01 A 3.4%

2 st glok Aol B o
Ab} SIRARAR] B7HA A A S AU Qi

= T o v
2009\ 18.0%0114] 2013\ 7.8%= A skl om g-gAHE W HEZF ZA|5)
= AR 8.5%0 A 2. 7%= ZFashgich o]9F e AR & uf, 2009d o] F £
2utah 71e] QbR Ba] 54 At gt 4871 S Qs 2AI1E

o O A<
Holi Q152 & 4= Tt



2Nt TP 38aM BeSele ZEd) oixis 9 on [

(Table 2) Household asset allocations and portfolio shares

This table reports the average amounts of asset holdings in each asset class and the portfolio
shares of the households from 2009 to 2013, Financial assets include deposits in checking and
savings accounts, investments in stocks, bonds, and mutual funds, holdings in endowment and

annuity, and money lended, Non-financial assets include holdings in real estates and other

assets,
(Units: 10,000 won)
Variable 2009 2010 2011 2012 2013
Financial assets 2549.1 2888.7 3196.0 3288.0 34443
Non-financial assets 20618.8 20828.5 23203.2 23157.1 23393.5
Ratio of households
. . 0.673 0.689 0.750 0.724 0.798
holding savings
Ratio of savings in
) ) 0.671 0.699 0.735 0.733 0.787
financial Assets
Ratio of households
) 0.106 0.099 0.093 0.077 0.068
holding stocks
Ratio of stocks i
Ao O SIocks i 0.052 0.047 0.044 0.038 0.034
financial assets
Ratio of households
4
holding bonds 0.00 0.006 0.005 0.005 0.005
Ratio of bonds in
) . 0.001 0.003 0.002 0.002 0.002
financial assets
Ratio of households 0.180 0142 0.123 0.092 0.078
holding mutual funds ’ ’ ’ ’ ’
Ratio of mutual funds _
o . 0.085 0.063 0.049 0.035 0.027
in Financial Assets

(Table 3) > 7HAIE ot Fol 78] W JHH] A& &S et ek 59
2] 22N 0] AL 2000d-S A Q5 Ht 1500 Y& 2T 3]s 2228 7]
E5kaL Qlom AAud 7HE] 90% ool mid o= uB|E A &5kl et o]
H|3)], Q1] A QAW 7172] 16~17%7F UYL 3 Adlo] Qo Fit A
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ol 3 3

2 uf A APA 7FE 1A e 7] v
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(Table 3) Average total medical and hospitalization expenditure

This table reports the average amounts of total medical and hospitalization expenditure and the
ratio of households who spent medical expenses or experienced hospitalizations in previous
year from 2009 to 2013, Total medical expenses include household expenditure on medicines
and traditional medical herbs, cosmetic surgery, dental clinic, outpatient treatments and
hospitalizations,

(Units: 10,000 won)

Variable 2009 2010 2011 2012 2013
Avg. Total medical

. 139.1 152.1 153.4 1547 1529
expenditure
Ratio of households
with medical 0.927 0.933 0.928 0.927 0.918
expenditure
Avg. Hospitalization
222.5 207.9 221.0 2342 230.3

expenditure

Ratio of households
experiencing 0.161 0.173 0.162 0.163 0.168
hospitalization

(Table 4) = ZAFAE 7417} A &3 Fo) = u|of = Aol A A7 el < o=
T8 At FomH] i) YA 28] HSS 7|22 HA AR 7Hed|
Hopd S8 AMES BG3E 7HEo) vlEa) ZF AH4e] gt x| RH| g0l ol B A et
A=Al HolF=an Qlnk, Fo|=u| 9] A o mH] A&g o] & 7kt vl =
& 77 A A, EE RG] wobdS Kol glom S5kt
W =243 A, HES Al B3 Wol BAskal QleS Hofal Qloh ol

AL FolRult Aol w8 BHOR % RS Este] Ko avt

31‘,

= YEZ3H= Ao| 7]018F 2= 9l o T Love and Smith(2010)0]| A 91535} 50]
FTYRH|7F F T =2 o EAJH|2of tigt A& 8] AKwillingness to pay)& W 3£ 5}

< Aol 7190 4= ik
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(Table 4) Risky asset allocation and ownership by medical expenditure

This table reports average portfolio allocations and ownership by our various health measures.
Allocation measures the share of financial assets allocated to stocks, bonds or mutual funds,
Ownership measures the ratio of households owning any stock, bond or mutual fund,

Stock Stock Bond Bond Fund Fund
allocation |ownership| allocation |ownership| allocation |ownership

Total medical expenditure

Lower third 0.058 0.032 0.002 0.001 0.087 0.040
Middle third 0.088 0.040 0.005 0.002 0.128 0.054
Upper third 0.116 0.054 0.007 0.002 0.152 0.059

Hospitalization costs / Total medical expenditure

Lower third 0.126 0.055 0.008 0.001 0.187 0.068

Middle third 0.087 0.036 0.004 0.003 0.115 0.046

Upper third 0.087 0.043 0.005 0.002 0.120 0.051




B =sizses xera ks

1. AZES
& Aol e AEE Yetdle JdLAER7E 7 S84 U At
Hpoll oju ek F&E mA AL JeA SAH LR 245 Sl HEARE ol

g AFEAS AAISHIT HA, 7]EAFoA AR S wheh 7
7b2F 7FER stolg SIFAME Bfol RS A4t oW S = A Yot
®B7] 9Jate] Jo)F T} L& H] K F (Randome-effect Probit Models) S 3'd A& o] 2]
Goto] ASEAS AAsET o9} HEo], e 2 7Y |56
EZYQE 4%k H ol 1AM A EH]Eof o' kS v
oo}r 7] 9]5to] EHl B F(Tobit Models)2 ©]-§8}o] AZH AL A5}
2] 31 upz] 9k O & Fan and Zhao(2009)2} Love and Smith(2010) 0] 4] A A3}

ﬁ
'l

2
>In = rr +

A]

i

—

L1
o] 1
A2 BA5H] 190 CRE TR B3 CRE £9 B9 gt

A, 7472] 1AM Mol B2 AASHE B4l Rt 2

. = X' B+ ~,Healthstatus + ¢; + u, , ¢))

OI71H B2 Y, 710 IR Mol Agek B
(latent variable)S 2Ju|s} Healthstatus= A7 S Ve
B X of w2} 7bel ABAA WRol o] 9

AE} ex 3 error term)S 8= 9t ;= M R BV N
=
=

r{r

2

of.

g

4>
4E

o
=)
A
rr
e
of.
rE
T
illy
Hu

Am
o,

i
I
g
o
2
1L

A YHindividual-specific effect) @} IL-f- 2 XH(idiosyncratic error)
Y, >0 o i) 7te QAR B Haly,, = 1), ¥, <0
ol SRS Bk A FEk(Y, = 0).

S, AR A RH] 8-S Aot A A A ()9 FHHS ¥, E
7h70] IR R0l SR A g} e, i Asene e 9
FAe] BRI Y, =03} 1 Aolo] oA E|=E Y, , = max(0,min(Y,,1))

e
E=)

I

f



ZYNEH b SBA EESBale BEo| DXl Y B

mpEre R me Yl nyah Byl Byl BEE M5} RS USE 7t
o] KA H ] TS EAF] 918 Chamberlain(1984)0] A A3HAE CRE 919]
A} B A AGRTh CRE QIR HATHES A (elA 2 7he) ml
B AR ¢S RS WSER AT AYUSEe R theal o) vt

c;, =+ Zz\-&-ai, ai|Xi ~ N(0,0’i), 2)
A1 ()04 X, = A7) whe} ¥sk=(time-varying) A HH5E50] HHFZHS oln
SHAL = A, o 31714 (9] @AFF-S ofu]gte), ThA] “*oHH el ol aat

Mo <
o
1o
ko
i)
[
fru
lI
E
H
S
H
ottt
=2
R
A
2
=)
I
g
ol
FIF
oﬂ
rE n
+
i
1o

5) AFlolas mg ol9o] 1A E.L} E?ﬂ(leed Effects Model)& A8t A4S 5
Azt 4= glow o] AL BaHol wyj¥ls EA|(incidental parameter problem)°1]/\1 A
28 4 Utk Aol Aok 1311'} —’HE—‘—} 2 AR A TS5 tish
S FoH Hed AReE A7 A 7Y AT Ew"ﬂ—rﬂ Al bl uf
2t WgkehA] b AS7F dif-EololA faMESTE AASHA BolAl= #AIZE A
ek wEbd, & dAtollAs A AT R aeshA] ¢l Stk



(Table 5= AX| 2H] W= thelste] ebdl 710) A7) Aelrt SIEAHAL

HGol NS AYSHe o o] W e XA Loby] 9iste] Qo ey
29& ol §ate] 243 AnkhS Uehiith 23 ()7 el AE Wole) 9194
AboL B 2= Qi 4] MfolRE ARel: 2950 JTe AvnL
59 @} @Ak 34} Aukel QAAbel AW Bfol R AR sk 29l

1o l
do
ot
)
22
o
i

o FEF= AW ET. vpAgre 2 1Y (5)9F (0= F2

=
=

AS 1. = Z I [e] H = =L 1-
T S Qe AT 4E HES) Hgolng Ak

80059 ES AR
Atk 53], 2 SIAAMPE R 23 (2), (4), (0)0llM= BALET Y] 7ol fEs A
gl AR BaE HojFal k. whef RIRFER Yol TRt AU K
7 ol Sefol ARl ZE o] 9le A 4 F ol A=
HAAES o= Q7] wizoll AR =u] AA|of thgk Fehe] Ao gltkal & 4= Qlek
uteba] JLR=u7E 74 e Eote A5 digh o Ak s At
Hipo o] d&& 7= Aolehd ERAARY 7Ho 78 AT & A HE

e ghEo] IR 82 7htell BIsl ZH2f oF 0.4%2F 1.1%% HolX|= o=



AZEZE 7 S8 M ZEE2|Q ZHo| njxl= IgF S+

Azl 75k Ato|thCampbell, 2006), 7175 AM] AL ol majol 2

(ife-cycle) o 2] TEW FUAXE SRR BaH|Fo] Z7HsE7E 1 o]
Fasts HES Bol7] the] /A1F Lole] AR Ause] EaAZL
o5 M40 Rt A3 IR Ale] T o] 24 AAlSHE Azt U
Sh A0 hehbAe I RkAel el A Lolo] g B4 X7t BA A 0.
= o5t 2 el 9ot

A fo13 ARFE trehfa glom, S3] 309 SEAAL A0 B s
Al 0152 106 oA 013 A0S trehfn gk, ol AU RS A=

go] A& HFASE F4] Bl AL BeY 2HEo| Yol
o Aol A= B ohE SRS Y] e X o
2051 QLo BELAL U 27] gRo] EA

i)

<
o

=
Yy o
S
2

to =

)
o
fu
Jo
1o
ol
R
5%
flo
it
oy
0

3

1o

oM,

o

=2

1

[

N

s

Bul

rE

iy

1o

H

N

y

o

ill

2
£ o
,l oﬁ
5 G
b
U
=W
2 ok
N>
et EL' 1o Y
do (B H
2o o

S~

>,

He

m

I

o

to

i

o

—~

10

ox

rJ

rJ

)

=2

o2

ook

filo

Ha

=3

i)

A=)

offt

=

ox, =

o

5 O

o o

gy
N

o =2
o

e do

ot
i)
H
fr
g
n
a
=)
oy
=)
Q.
g
=
o
o
E
2
s
g
o
ot
>~
>
i
=
o
R
of
ol

‘l> o
o
rE
).
2
124
N
N
U
s
s
4
o,
N
-
[e]
o,
o3l
oZ: fl
Eu)
e
o g
o,

J o] 20104 0] 5| AZFeju]ol] gt BpFY A 7}
T $EE 2t A0 ehton] ik BAMCRE RE AR
ehdeh oS 22 FE97] oF SelLket F Tl AEALS HAT I

>ln



BN =sizses xera mus

(Table 5) Risky asset ownership estimates: Random—effect Probit Model

This table reports the baseline random-effect estimates for holding risky assets, The dependent
variable is the probability of owning particular types of assets. Standard errors are in
parentheses, Statistical significance for coefticient estimates is indicated as follows: * for p (
0.10, ** for p € 0.05, ** for p € 0.01.

Explanatory Stocks Bonds Risky assets
variable | Model (1) | Model (2) | Model (3) | Model (4) | Model (5) | Model (6)
Health status | -0.553** -0.550™* -0.505 -0.424 -0.679% | -0,662**
(0.229) (0.230) (0.745) (0.801) (0.190) (0.189)
Age 0.031 0.034 -0.114 -0.143 0.037 0.055
(0.052) (0.053) (0.154) 0.177) (0.040) (0.041)
Age’ -0.0006 | -0,0006 0.0006 0.0008 | -0.0009** | -0,0010**
(0.0005) | (0.0005) | (0.0014) (0.0015) | (0.0004) | (0.0004)
Education 0.499% | 0.542** 0.004 -0.150 0.558** | 0,588+
(College) (0.172) (0.175) (0.496) (0.579) (0.140) (0.141)
Education 0.452 0.459 1,002 0.999 0.620"* 0.6727*
(Graduate) (0.283) (0.285) (0.709) (0.796) (0.246) (0.246)
Financial 0.668* | 0,666 0,722* 0.765 0.594% | (,582%
assets (0.072) (0.073) (0.387) (0.475) (0.055) (0.055)
Real estate | 0,180+ | 0,186* 0.349 0.398 0.269%* | 0,262%*
assets (0.065) (0.067) (0.318) (0.403) (0.055) (0.055)
Total income | 0,255* 0.272* 0.006 0.045 0.246** | 0,228
(0.108) (0.111) (0.278) (0.303) (0.086) (0.087)
Kids 0.043 0.032 -0.210 -0.278 -0.133* -0.147*
(0.092) (0.093) (0.297) (0.356) (0.075) (0.075)
Marriage 0.718* 0.672 -0.030 0.022 0.454 0.384
(0.406) (0.415) (1.016) (1.079) (0.279) (0.283)
Female -0.315 -0.281 -10.054 -10.588 -0.256 -0.280
(0.356) (0.381) | (5931.602) | (4490.703) | (0.263) (0.279)
Year: 2010 -0.183 -0.226 -0.372 -0.388 -0.351% | -0.365%*
(0.167) (0.169) (0.570) (0.597) (0.138) (0.139)
Year: 2011 -0.295* -0.331* -0.271 -0.286 -0.633%* | -0.693%*
(0.172) (0.175) (0.572) (0.601) (0.149) (0.151)
Year: 2012 | -0.642%** | -0.703** 0,201 0.028 21,2274 | -1, 246
(0.185) (0.189) (0.503) (0.549) (0.170) (0.172)
Year: 2013 | -0.675** | -0.772%* 0.156 0.162 21,3674 | -1,397%*
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(0.184) (0.190) (0.521) (0.550) 0.177) (0.180)

Private 0.180 -0.151 0.092
insurance (0.163) (0.509) (0.129)
Intercept | -11,064** | -11.378"* | -9.647 10,012 | -8.858 | -8.975"

(1.592) (1.640) (6.640) (7.896) (1.2006) (1.227)

Average marginal effects

Health status | -0.041** | -0.042" | -0.0004 -0.0003 | -0.107*** | -0.107**
(0.017) | (0.018) 0.001 0.001 0.029 0.030
Log
likelihood 790 758 96 91 149 | -1113
Observations 2931 2814 2931 2814 2931 2814
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Sh= o ol BAE AT QA Yobuy] giste] elazt Byl Ry 3
& A9E Ho31 It} (Table 5) 0] Aut7} 7479] AZA o] ube} thed] 3
o7 SIFAY HAE AYTH= Bmrt FebArle Al Flolat of7]4
= 7bro] Aol wheh S AARS Aupih B X AR Aol qhop
A mE ST Q0] AR A%

Asset Pricing ModeD ol A 7lj21¢] 2|23t Bx} ZEED S AT uf Ao H=
913 8lm o] Tt AL =23 5 9

o

L

WA FE AT SEAAL, 7H F A5 A9 (Table ) o] A&
5 Ao} o] $HApre] A £l &7t EAA 0 o o] ATAE 7
A3 G AR Ureheth %, Aol 5o B ZFPASE FEALAe A
91 A Ako] AA|BHE o] oAl A

T2} et 20 weS ke A
on] ofakel o4 gL e 4

3 A B go] obx| i 2o ety



o~
N

EHZ8ET M7 M=

W30 SHAE A EH] &L 0,30 sk ek 2] el AdaEe B
G272 ALY B Bt Go] A AOR Lehtn £
@7k 27 o] BAHORE FofakA] ghe. WA HFL] B9 (Table 5
of Aot MM R BEFAAF FARNOR GelshA] ghon] gAY B
SEAAOIE 2 YL FA Foke A0 ekt gt

ARE Bl B3 R A AT B A Rl 3t S0 HRUAS
bl gick 58] F0]Re A A7kl AY4E oS SIPAAE that
Sagae] Arigke] Z7bta glowl BAH feNE AL T ek, uehA), &
gubel he] SIRAME ARl ge 22 5917 o] F WA ZolET 98D

o 4= qlom 71e] 91 2)5] ol F7Heka 92 AlAkstar ik

(Table 6) Risky asset allocation estimates: Random—effect Tobit Model

This table reports the baseline random-effect estimates for allocating household financial wealth
over different risky assets. The dependent variable is the share of financial wealth held in a
particular asset. Tobit regressions are left-censored at zero, Standard errors are in parentheses.
Statistical significance for coefficient estimates is indicated as follows: * for p < 0.10, ** for p ¢
0.05, ** for p { 0.01.

Explanatory Stocks Bonds Risky assets
variable | Model (1) | Model (2) | Model (1) | Model (2) | Model (1) | Model (2)
Health -0.161* | -0,158* -0.080 -0.050 0,186 | -0,185%=*
status (0.074) (0.073) (0.183) (0.250) (0.052) (0.053)
Age 0.010 0.012 -0.032 -0.055 0.015 0.022*
(0.017) (0.017) (0.037) (0.051) (0.011) (0.012)
Age’ -0.0002 -0.0002 0.0002 0.0003 -0.0003* | -0.0003**
(0.0002) | (0.0002) | (0.0004) (0.0005) (0.0001) | (0.0001)
Education | 0,185 | 0.200%* 0.035 -0.068 0.195%* | 0,204
(College) (0.056) (0.056) (0.127) (0.176) (0.039) (0.039)
Education 0.145 0.141 0.273* 0.291 0.146* 0.150%
(Graduate) (0.094) (0.093) (0.163) (0.221) (0.067) (0.067)
Financial 0.191%* | 0.190™* | 0.206** 0.264" 0.129*= | (0,128
assets (0.020) (0.020) (0.060) (0.085) (0.012) (0.013)
Real estate | 0.039%* | 0,058 0.073 0.149* 0.072%+* | 0,073*
assets (0.021) (0.021) (0.051) (0.077) (0.015) (0.015)
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Total Income| 0.062* 0.068* -0.020 -0.003 0.054* 0.050**
(0.034) (0.035) (0.073) (0.102) (0.024) (0.024)

Kids 0.019 0.016 -0.048 -0.097 -0.038* -0.043*
(0.031) (0.031) (0.069) (0.098) (0.021) (0.021)

Marraige 0.198 0.179 0.049 0.083 0,089 0.063
(0.133) (0.134) (0.277) (0.383) (0.080) (0.082)

Female -0.149 -0.124 -2.269 -3.683 -0.091 -0.100
(0.119) (0.125) | (136.060) | (2058.597) | (0.076) (0.081)

Year: 2010 -0.033 -0,051 -0.107 -0.127 -0.071* -0.078**
(0.053) (0.053) (0.165) (0.212) (0.037) (0.038)
Year: 2011 -0.087 -0.105* -0.082 -0.066 -0,162% -0.178**
(0.055) (0.056) (0.165) (0.213) (0.039) (0.040)
Year: 2012 -0.147* | -0.165** 0.070 0.0004 -0.293** | -0.303***
(0.058) (0.059) (0.144) (0.198) (0.042) (0.043)
Year: 2013 -0,183™* -0,214%* 0.038 0.080 -0.345%* -0.354"*
(0.059) (0.059) (0.150) (0.194) (0.042) (0.043)

Private 0.052 0.048 0.008
insurance (0.054) (0.176) (0.037)
Intercept -3.200%* | -3,392%* -2.429%* -3.447% -2,195%% | 22,257
(0.468) (0.475) (1.057) (1.540) (0.310) (0.317)

Average marginal effects

Health -0.019** -0.019* -0.006 -0.004 -0,031%* | -0,031***
status (0.009) (0.009) 0.016 0.019 0.009 0.009
Log likelihood| — -822 -783 -112 -86 -1259 -1212
Observations 2931 2814 2931 2814 2931 2814
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(Table 7) Risky asset ownership estimates: Correlated Random—effect Probit Model

This table reports the estimation results for holding risky assets with employing the correlated

random-effects model to correct for the bias due to correlation between the random effects and

observables, The dependent variable is the probability of owning particular types of assets,

Standard errors are in parentheses, Statistical significance for coefficient estimates is indicated
as follows: * for p € 0.10, ** for p € 0.05, ** for p € 0.01.

Explanatory Stocks Bonds Risky assets
variable | Model (1) | Model (2) | Model (1) | Model (2) | Model (1) | Model (2)
Health -0.359 -0.213 -1.150 -1.265 -0.451 -0.360
status (0.342) (0.348) (1.459) (1.539) (0.279) (0.280)

Age 0.041 0.045 -0.076 -0.115 0.004 0.015
(0.067) (0.069) (0.195) (0.210) (0.047) (0.048)
Age’ -0.0004 | -0.0004 0.0003 0.0005 -0.0007* | -0.0009*
(0.0005) | (0.0006) | (0.0015) | (0.0016) (0.0004) (0.0004)

Education 0.421% 0.462% 0.141 0.019 0,474+ 0.505*
(College) (0.181) (0.185) (0.514) (0.557) (0.144) (0.144)
Education 0.287 0.280 1.236 1,312 0.454* 0.509*

(Graduate) (0.300) (0.305) (0.867) (0.911) (0.253) (0.252)
Financial 04584+ | 0,436* 0.686 0.829* 0. 4274 0,409
assets (0.085) (0.087) (0.430) (0.488) (0.065) (0.065)

Real estate 0.030 0.029 1.026 1.157 0.146 0.142
assets (0.117) (0.120) (0.688) (0.742) (0.096) (0.096)

Total income 0.143 0.136 0.681 0.678 0.094 0.079

(0.166) (0.174) (0.580) (0.607) (0.132) (0.134)

Kids 0.048 0.031 -0.176 -0.247 -0.118 -0.131*
(0.097) (0.099) (0.311) (0.340) (0.078) (0.078)

Marriage 0.677 0.626 0.421 0.475 0.481* 0.436
(0.423) (0.430) (1.135) (1.216) (0.291) (0.296)

Female -0.314 -0.273 -10.256 -11.740 -0.234 -0.265
(0.373) (0.404) | (5511.02) | (15808.12) (0.270) (0.287)

Year: 2010 -0.175 -0.214 -0.426 -0.444 -0.318* -0.320%
(0.176) (0.179) (0.628) (0.652) (0.141) (0.141)
Year: 2011 -0.269 -0.290 -0,607 -0.655 -0.531% -0.567*
(0.192) (0.197) (0.731) 0.771) (0.156) (0.158)
Year: 2012 | -0.604** | -0.653** | -0.072 -0.287 -1,001% | -1,077*
(0.218) (0.224) (0.623) (0.697) (0.182) (0.183)
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Year: 2013 | -0.680" | 078" | -0315 | -0.363 | -1.230"* | -1.227%
(0.239) (0.248) (0.739) (0.785) (0.196) (0.198)
Private -0.197 0.218 -0.095
insurace 0.171) (0.557) (0.131)
Intercept -12,217%% | -12, 379" -8.444 -8.974 -10,159%** -10, 157

(1.811) (1,907) (6.107) (6.433) (1.358) (1.394)

Average marginal effects

Health -0.026 -0.015 -0.001 -0.001 -0.069 -0.056
Status 0.025 0.025 0.002 0.002 0.042 0.044

Log likelihood|  -780 -746 -92 -87 -1138 -1101
Observations 2931 2814 2931 2814 2931 2814
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(Table 8) Risky asset allocation estimates: Correlated Random—effect Tobit Model

This table reports the estimation results for allocating household financial wealth over different

risky assets with employing the correlated random-effects model to correct for the bias due to

correlation between the random effects and observables, The dependent variable is the share

of financial wealth held in a particular asset, Tobit regressions are left-censored at zero,

Standard errors are in parentheses. Statistical significance for coefficient estimates is indicated
as follows: * for p € 0.10, ** for p { 0.05, ** for p € 0.01.

Explanatory Stocks Bonds Risky assets

variable | Model (1) | Model (2) | Model (1) | Model (2) | Model (1) | Model (2)
Health -0.120 -0.075 -0.224 -0.219 -0.163* -0.143*
status (0.104) (0.104) (0.340) (0.304) (0.075) (0.076)
Age 0.018 0.021 -0.016 0,023 0.002 0.006
(0.022) (0.022) (0.045) (0,041) (0.013) (0.013)

Age’ -0.0001 -0.0001 0.0001 0.0001 -0.0002* -0.0003**
(0.0002) | (0.0002) | (0.0003) | (0.0003) | (0.0001) (0.0001)

Education | 0,151** | 0.163** 0.057 0.014 0.162%* 0,171%*
(College) (0.058) (0.058) (0.124) (0.110) (0.040) (0.040)
Education 0.076 0.068 0.268* 0.217 0.085 0.090
(Graduate) (0.097) (0.096) (0.160) (0.143) (0.069) (0.068)
Financial 0.116** | 0,108+ | 0,167* 0.163** 0.076** 0.073%
assets (0.024) (0.025) (0.076) (0.071) (0.017) (0.017)
Real estate | 0,022 0.018 | 0.253** | 0.234"* 0.032 0.032
assets (0.035) (0.035) (0.096) (0.084) (0.026) (0.026)
Total income 0.019 0.018 0.178 0.144 -0.006 -0.012
(0.049) (0.051) (0.138) (0.125) (0.035) (0.036)

Kids 0.019 0.014 -0.036 0,045 -0.033 -0.038*
(0.031) (0.031) (0.067) (0.061) (0.022) (0.022)
Marriage 0.168 0.146 0.186 0.175 0.092 0.070
(0.134) (0.135) (0.279) (0.251) (0.082) (0.084)
Female -0.145 -0.117 -2.152 -1.966 -0.088 -0.102
(0.120) (0.127) | (90.817) | (115.941) | (0.077) (0.082)

Year: 2010 | -0.039 -0.054 -0.108 -0.098 -0.060 -0.064*
(0.054) (0.054) (0.159) (0.138) (0.037) (0.038)

Year: 2011 0,094 -0.107* -0.139 0,124 -0, 126%* -0, 136%*
(0.060) (0.060) (0.169) (0.149) (0.041) (0.041)

Year: 2012 | -0.152* | -0.166* -0.008 -0.064 -0, 241% -0, 242%%
(0.067) (0.067) (0.154) (0.141) (0.045) (0.046)
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Year: 2013 -0.211%* | -0,244* -0.093 -0.098 -0,287** -0,289**
(0.074) (0.075) (0.181) (0.162) (0.048) (0.049)
Private -0.057 0.024 -0.010
insurance (0.054) (0.113) (0.037)
Intercept -3,537%% | -3.557** | -2,030** -1.753* 2,634 -2,702%
(0.502) (0.520) (1.024) (0.940) (0.334) (0.348)
Average marginal effects
Health -0.014 -0.009 -0.016 -0.016 -0.027%* -0.024*
Status 0.012 0.012 0.029 0.025 0.012 0.013
Log likelihood| -810 -770 -107 -100 -1245 -1197
Observations 2931 2814 2931 2814 2931 2814
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Abstract

There have been many empirical studies in the United States to find
a linkage between health status and portfolio choice of the individual
households. In particular, it is important to account for the existence of
unobserved characteristics such as risk attitudes, motivation, and
information in the analysis because both health status and portfolio
choice can be influenced by the unobserved heterogeneity. In this
empirical study, we analyze how much the household portfolio decision
is correlated with health status and whether this correlation is causal in
Korea, where they have an obligatory national health care system
different from the one in the United States.

Most korean household panel data do not survey the subjective health
status or, if ever, they do not survey the risky asset holdings of the
households. We use the 2009-2013 waves of the National Survey of Tax
and Benefit panel containing detailed information about the financial
asset holdings of the households. As a proxy for the household’s
underlying health status, we construct a ratio of inpatient hospital costs
over total medical costs of a household that can reflect its “poor” health
status.

Employing the random-effect probit and tobit models, we find that
there is a statistically significant correlation between health status and
portfolio choice. However, once we control for unobserved heterogeneity
by applying the correlated random-effects models, we find that health
status no longer serves as a significant independent variable for the
individual household to decide whether to hold a risky asset or how

much financial assets to be allocated in a risky asset.

% Key words: health risk, health status, household financial assets, portfolio
alocations, risky assets



HF8HT M273 4= (2016, 11) pp. 75-130

The Linkages among Insurance, Banking
Credit and Stock Markets in G7 Countries™ ™

- Evidences from Long- and Short-run Perspectives -
G7=719] HY, 2%, FAAPS 29 B ad &M

*

Guan—Chun Liu™" -

* kK k

Chien—Chiang Lee

This paper investigates the short—run and long—run linkages among insurance
activity, banking development, and stock market for G—7 countries, To examine the
short—run causal nexus, we adopt the Granger causality approach proposed by
Toda and Yamamoto(1995). To explore the long—run relationships, we introduce an
extended nonlinear econometric model with the Jumarie’s fractional derivative
based on the fractional financial model for economic system, and the multiple
stepwise regression technique is employed to explore the optimal regression. Our
empirical results show that there exist various patterns of dynamic relationships
among the three financial sectors. Specifically, their short—run and long—run
relationships are country—specific, and the long—run linkage is stronger than the
short—run linkage. Furthermore, the short—run causal relationship  between
insurance activity and banking credit is the strongest, whereas the long—run
relationship  between stock market and banking credit is the strongest. These
findings offer some useful insights not only for investors to diversity their risk away,
but also for policy makers to realize the synergistic development of the financial
system in the process of economic growth.

Key words: banking development, causal nexus, insurance activity, muliple stepwise
regression, nonlinear relationships, stock market
SIEHFRYEE 27 HFLE0F Z=: BO30600

* Korean title, abstract and keywords of this paper are translated by editors themselves(Any

errors are their responsibility.).

* The authors are grateful to the editor and two anonymous referees for helpful comments
and suggestions,

## School of Economics & China Center for Economic Studies Fudan University(liuguanchun@csu, edu. cn),

The first author

% Department of Finance National Sun Yatsen University(cclee@com nsysu.edu, tw), Corresponding author

= T 2015, 120 09, = FHF L 2016, 08, 26, = AR S 2016, 11,10



HHISAT 27 MUS
I. Introduction

In the past few years, lots of researches particularly focus on the causal nexus
between insurance activity and economic growth(Lee et al., 2013b ; Lee, 2013).
According to previous theoretical and empirical studies, it is easy to find that the
importance insurance markets have on economic performance is quite notable, During
the period 1997-2007, the world’s total written real insurance premiums increased with
an annual growth rate of 55 percent, far exceeding the annual growth rate of the
global economy. The rapid expansion of insurance’s business volume strengthens its
economic role remarkably, Meanwhile, the economic roles of risk transfer and capital
allocation would have a great influence on the development of other financial markets,
Therefore, there exist some interactions between the insurance industry and other
financial sectors in the process of economic development(Webb et al., 2005 ; Tennant,
2010 ; Lee, 2013 ; Liu and Lee, 2014 ; Liu et al., 2014). These ideas prompt the initial
motivation of this article, which will focus on the relationship among insurance
activity, banking credit, and stock market. Note that, taking the different functions of
life and nonlife insurance activities into consideration, we discuss them separately.

As an important component of the financial system, a large body of the theoretical
literature(for example, Skipper, 1997 ; Skipper and Kwon, 2007 ; Haiss and Stimegi,
2008) has discussed the insurance industry's influence on the economy and society.
Meanwhile, the life and nonlife insurance activities affect economic growth in diverse
ways, Specifically, there are more likely to be different effects on economic growth
from life and nonlife insurance markets, implying that these two types of insurance
business protect households and corporations from risk prospective. And, life
insurance companies facilitate long-term investments, rather than short-term
investments, as the case of the nonlife insurance industry.

With respect to bank credit, it has the ability to amplify aggregate fluctuations
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through either their roles in monetary transmission mechanism(Hasin and Majid, 201
1D or their pro-cyclical nature, based on theories that build upon asymmetric
information and capital market imperfections. In addition, stock market can encourage
specialization as well as acquisition and dissemination of information(Greenwood and
Jovanovic, 1990 ; Williamson, 1986), and it may reduce the cost of mobilizing savings
and thereby facilitates investment(Greenwood and Smith, 1997). Well-developed stock
market may enhance corporate control by mitigating the principal-agent problem
through aligning the interests of managers and owners, in which case managers would
strive to maximize firm value(Diamond and Verrecchia, 1982)2),

It is essential to investigate the linkages among insurance activity, banking
development, and stock market. On one hand, investors can diversify their investment
risks away based on the findings of empirical studies, In general, the short-run
relationships among the three financial sectors differ from their long-run relationships
so that short-term and long-term investors should adopt different portfolios strategies.
On the other hand, according to the empirical results, policy makers can implement
macro policies to achieve the co-evolution of the three financial sectors, and then the
stability of financial system is strengthened. More importantly, economic policies can
be implemented to realize their interactive effects on economic growth. In addition,
the financial linkage within the banking sector and the connection between banks and
other financial markets are important while analyzing and forecasting their fragility
(Bernoth and Pick, 2011 ; Billio et al., 2012 ; Liu et al,, 2014). The strong financial
linkage within and between the banking and other financial sectors have important
implications for financial stability. In particular, when forecasting systemic risk linkages
within the financial sectors, it is inevitable to consider whether they are caused by

financial linkages or by common shocks to the financial system,

1) Hasin and Majid(2011) conclude monetary transmission mechanism by several channels in
terms of interest rate, bank lending, asset price, and exchange rate.
2) Asset liquidity and price volatility are both of important characteristics in stock markets.
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To the best of our knowledge, there still have no theoretical and empirical
researches modeling the linkages among insurance activity, banking credit, and stock
markets in a unified framework. Furthermore, the existing researches employ a
conventional linear model to investigate the relationships among different financial
markets, Nevertheless, in the process of economic growth, the financial system
exhibits complex dynamics that attract much attention recently with differential
equations(for example, Lifschitz, 1999 ; Chen, 2008 ; Danca et al., 2013). Most
economic justifications for nonlinearity are the coexistent heterogeneity between
investor's expectations(De Grauwe and Grimaldi, 2005), the presence of different
transaction costs(Anderson, 1997 ; Dumas, 1992), mimetic behaviors, and the existence
of stock market frictions, which may imply some smoothness, persistence,
discontinuities, structural breaks, inertia effects, and asymmetry in the adjustment
dynamics. Such stylized facts also characterize an insurance market, In practice,
Outreville(1990) proves that there is a nonlinear relationship between insurance
activity and financial development, although the quality of the statistical adjustment is
not as good as a linear measure, Jawadi et al. (2009) show that the switching transition
error correction model performs better than a linear error correction model while
investigating the long-term relationship between nonlife insurance activity and other
financial markets, Liu and Lee(2014) and Liu et al.(2014) find that the relationship
between insurance activity and banking credit in different countries is dynamic and
nonlinear, Those ideas convince us that there may be a nonlinear relationship between
insurance activity and other financial markets,

To accomplish these analyses, we focus on a time-series econometric framework3)

for individual G-7 countries(i.e., Canada, France, Germany, Italy, Japan, the United

3) The reason is that, from econometric viewpoint, panel data analysis is not able to explore
the dynamic linkages among the different financial markets in one single country, or not
able to perform multi-country comparisons to study its economic policies, Hence, we use
time-series together with multi-country analysis to examine our perspective,
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Kingdom, and the United States). Note that, our work includes two parts, First, the
Toda and Yamamoto(1995 ; TY-VAR hereafter) approach is employed to examine the
causal nexus among insurance activity, banking credit, and stock markets in the short
run, The TY-VAR method has several advantages. It can be performed safely for
whether the variables are integrated or not, and it does not depend on sample sizes
(Yamada and Toda, 1998). Second, to investigate the nonlinear relationships that
potentially related to growth of insurance premiums, banking credit, and stock returns
in the long run, we extend the fractional order model for the economic system
proposed by Chen(2008) with the interaction terms and quadratic terms into the
differential equations. In fact, the value of current state in the financial system depends
on both recent values and historical values of objective function, which is the unique
property of fractional derivative and previous works neglect the issue, Moreover, to
eliminate the possible multicollinearity problem, we adopt the stepwise regression
technique to get the optimal models.

The reminder of this paper is organized as follows. Section 2 details the interactions
among insurance activity, banking credit, and stock markets, and provides the
theoretical structure and the main hypothesis. Section 3 presents the methodology
used for the empirical research, Section 4 analyzes the empirical results and gives

further discussions and implications. Conclusions are given in the Section 5.

Il. Theoretical Structure and Main Hypotheses

1. The interaction between insurance activity and banking

development

The development of insurance activity covers banks and their customers against a
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range of risks, “underpinning bank lending by protecting customers against risks that
might otherwise leave them unable to repay their debts’(Rule, 2001). The risk
protection offered by insurance companies encourages bank borrowing by reducing
companies market cost of capital(Grace and Rebello, 1993). These economic roles are
critical because this protection could determine whether firms could develop their
activities while having a direct impact on bank credit risk. In this context, for example,
property insurance may facilitate bank intermediation activity by collateralizing credit,
which would reduce a bank’s credit risk exposures, promoting higher levels of lending
(Zou and Adams, 2006), A potential competitive relationship between insurance
activity, particularly life insurance, and banks may be due to the “saving substitution
effect’(Haiss and Sumegi, 2008) because in the market for intermediated saving,
insurance companies compete to one another and could reduce banks market
share(Allen and Santomero, 2001), Insurers, however, may invest(part of) that savings
in bank capital investments(for example, equities) and subordinated debt, so that the
magnitude of the final effect has to be evaluated empirically.

At the same time, the development of the banking sector may reinforce the
development of insurance activity through a much more effective payment system that
allows an improved financial intermediation of serves(Beck and Webb, 2003 ; Webb et
al., 2005). In addition, the development of the banking sector provides liquidity
facilities to insurance companies that enable them to pay their claims(Rule, 2001).
Finally, in the last two decades, the interdependence between banking and insurance
activities has increased strongly because of risk transfer. Given that banks and insurers
have mutual exposures in many areas, banks have unbundled their credit risks to
insurance  providers mainly through both the securitization of credit
portfolios(asset-backed  securities and  collateralized debt obligations) and
derivatives(credit default swaps), On the insurance side, insurers have transferred

credit risk to banks through liquidity facilities and letters and credit(Rule, 2001).
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In practice, few attentions have been paid to the linkage between insurance activity
and banking credit in the literature, Based on the cross-sectional data of different
developing countries, Outreville(1990) explores the determinants of insurance
markets, He finds that nonlife insurance demand is associated positively with a
measure of financial development(M2/GDP) but life insurance demand is not. Using
panel data aggregated at different frequencies for 68 countries from 1961 to 2000, Beck
and Webb(2003) find that development of the banking sector is one of the most
predictors of life insurance consumption. Furthermore, some researches focus on the
interactions between insurance activity and banking credit in the process of economic
growth, Webb et al (2005) examine the effects of financial sectors(bank, life and
nonlife insurance) on economic growth, By employing a cross term constituted of
bank credit and insurance activity(life and nonlife insurance), they investigate the
interaction between bank credit and insurance market, Empirical results indicate that
there exists a cooperated relationship between banking credit and insurance(life and
nonlife insurance) activities, Following Webb et al.(2005), Arena(2008) applies the
generalized methods of moments(GMM) to dynamic models of panel data for 55
countries between 1976 and 2004. He finds that complementary relationships exist
between insurance activities and banking credit. Tennant et al,(2010) develop proxies
for each of Levine's(1997) five functions of the financial sector, and model the
relationship between these functions and economic growth using error correction
models that more accurately conform to theory, Their results show that there exists a
competitive relationship between banking credit and insurance(life and nonlife
insurance) markets, which is opposite to the results of Webb et al.(2005) and Arena
(2008). Employing an advanced bootstrap VAR model with a fixed rolling window, Liu
and Lee(2014) investigate the causal nexus between insurance activities and banking
credit in China, and the results suggest that there is a time-varying causality between

them in various samples,
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Based on the above views, we demonstrate the hypothesis related to insurance
activity and banking credit as follows:
HI1: There is a significant relationship between insurance activity and banking credit,
HI. 1: A complimentary relationship exists between life insurance activity and
banking crediit,
HI.2: A substitutionary relationship exists between life insurance activity and
banking credit.
HI1 3 A complimentary relationship exists between nonlife insurance activity
and banking crediit.
H1.4: A substitutionary relationship exists between nonlife insurance activity
and banking credit,
H2: There is no significant relationship between insurance activity and banking

credit,

2. The interaction between insurance activity and stock market

The development of insurance activity could promote stock and bond markets
development by investing funds raised through contractual saving products in stock
markets and equities(Catalan et al,, 2000 ; Impavido et al., 2003), which is called
capital markets deepening. At the same time, stock markets may also reinforce the
growth of insurance industry because liquid capital markets help insurance companies
invest their resources captured through premium payments. This is especially
important for life insurance companies that want to match long-term liabilities with
long-term assets, Finally, there are inter-linkages between insurance activities and
stock markets for risk transfer. According to Rule(2001), insurance companies transfer
market risk to capital markets not only by hedging of embedded options in life

insurance portfolios but also by its involved natural catastrophes. In contrast, capital
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markets may transfer market risk to insurance companies when the latter write options
and buy bonds with embedded options. Moreover, the saving functions of insurance
companies would develop the stock market and foster a more efficient capital
allocation because the insurance companies would gather significant information to
perform their evaluation of projects and firms, in order to allocate the financial capital
and interesting risk bearing capacity(Skipper, 1997). In addition, it is worth noting that
insurance company is appealing to potential investors because it is uncorrelated with
other types of business activities(Arena, 2008). Hence, a substitutionary relationship
may expectedly exist between insurance activity and stock market,

In empirical studies, a few attentions have been paid to the causal nexus between
insurance activities and stock markets. Based on the panel data of 55 counties during
the period 1976-2004, Arena(2008) shows that there are robust complementary
relationships between both life and nonlife insurance activities and stock markets in
the process of economic growth. Jawadi et al.(2009) test the independence of nonlife
insurance activity to the financial markets in Canada, France, Japan, the UK, and the
US. They find that there exists a significant long-term relationship between nonlife
insurance premiums and stock markets. Using the TY-VAR procedure, Lee et al.
(2013a) investigate the lead-lag relationships among stock markets, insurance markets,
and bond markets in developed countries. Their empirical results show that there is a
unidirectional causality running from life insurance premiums to the stock markets in
Canada, the UK and the US, a unidirectional causality running from nonlife insurance
premiums to the stock markets in France, the UK and the US, and a unidirectional
causality running from the stock market to nonlife insurance premiums in Canada.

Based on the discussion above, we develop a hypothesis related to insurance
activity and stock markets as follows:

H3: There is a significant relationship between insurance activity and stock market,

H3 1: A complimentary relationship exists between life insurance activity and



HET0T K27 A4S

stock market,

H3.2: A substitutionary relationship exists between life insurance activity and
stock market,

H3.3: A complimentary relationship exists between nonlife insurance activity
and stock market,

H3. 4. A substitutionary relationship exists between nonlife insurance activity
and stock market,

H4: There is no significant relationship between insurance activity and stock market,

3. The interaction between banking development and stock market

On one hand, a part of literature stresses that banks, rather than stock markets, play
a critical role in reducing informational friction and transaction costs and the function
of improving the allocation of resources(Boyd and Prescott, 1986 ; Stiglitz, 1985), On
the other hand, Allen and Gale(2000) stress the role of stock markets, in contrast to
banks, due to the competitive nature of the markets in encouraging innovative and
growth-enhancing activities, Finally, within the literature of stressing the
complementary effect, Levine(1997) points out that both banks and stock markets
ameliorate information and transaction costs. Boyd and Smith(1998) model the
increasing importance of equity markets as economy develops, showing that equity
markets complement debt markets by making debt markets operate more efficiently.
Huybens and Smith(1999) present a monetary growth model where banks and
secondary capital markets have a crucial allocative function in the economy that affects
the long-run real performance,

At the empirical level, some existing studies have discussed the causal nexus
between banking credit and stock markets. Applying the VAR model, Kim and Moreno

(1994) focus on whether there are interactions between stock price and bank lending
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in Japan before and after the mid-1980s. The results report that the stock price-bank
lending relation is weak prior to the mid-1980s but is subsequently strengthened
considerably. Estimating a six-variable VAR model and simulating general impulse
response, Ibrahim(2006) assesses interactions between bank loans and stock prices in
Malaysia, He finds that bank loans react positively to the increase of stock markets, but
there seems to be no impact of bank loans on stock prices. Using the vector error
correction model, Ibrahim and Shah(2012) examine the causal nexus among bank
lending, macroeconomic conditions, and financial uncertainty in Malaysia, in which
they find no causality between bank lending and the stock market. Employing
monthly and quarterly data, Karim et al.(2012) use the Granger causality test proposed
by Toda and Yamamoto(1995) to re-examine the interaction between bank loans and
stock prices in Malaysia, Their empirical results show a lack of evidence of causal
linkage between the two sectors, indicating that the stock market and bank loan in
Malaysia are independent,
Based on the above views, we demonstrate the hypothesis related to banking credit
and stock market as follows:
HS5: There is a significant relationship between banking credit and stock market,
H5 1: A complimentary relationship exists between banking credit and stock
market,
H5, 20 A substitutionary relationship exists between banking credit and stock
market,

H6: There is no significant relationship between banking credit and stock market,
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lll. Methodology

In this paper, our econometric models proceed with two steps. The former is to test
the short-run causal linkages among insurance activity, banking credit, and stock
markets, whereas the latter is to find the long-run relationships among the three series.
First, we introduce the advantage of the TY-VAR method developed by Toda and
Yamamoto(1995), and we then give its implementation steps. Second, based on the
traditional fractional order model in the economic system, an extended nonlinear
econometric model proposed by Chen(2008) is reconstructed and the multiple
stepwise regression analysis is used to eliminate the multicollinearity for getting the
optimal regression., In this way, we can detect their long-run nexus with the

significance of the estimated coefficients,

1. The TY—-VAR procedure

Generally speaking, while testing the Granger causality among different variables,
vector autoregression(VAR) and vector error correction model(VECM) are two
well-known methods. To that respect one could conduct a VAR in first-order
differences of the variables if variables are known as £(1)(integrated of order one) with
no cointegration, and one could conduct a VECM if the variables are in a cointegrated
relation, Hence, before conducting the traditional VAR or VECM, it is a prerequisite to
judge whether the variables are integrated, cointegrated, or stationary.

But, Toda(1995) shows that the pre-tests for cointegration rank in Johansen-type
VECM are quite sensitive to the values of the nuisance parameters in finite sample,
Hence causality inference in VECM may suffer from severe pretesting biases.
Furthermore, Sims et al.(1990) and Toda and Phillips(1993) point out that, if the

system contains unit roots, standard Wald statistics, based on ordinary least-squares
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(OLS) estimation of a level VAR model for testing coefficient restrictions, have
non-standard asymptotic distributions, which may involve nuisance parameters,
Therefore, Toda and Yamamoto(1995) propose an augmented VAR approach, which
has much practical appeal because it can be used for any arbitrary level of integratio
n%, Hence, we apply the TY-VAR procedure to examine the short-run linkages among
insurance activity, banking development, and stock markets. The implementation steps
of the TY-VAR procedure are concluded as follows:
Step 1: Determine the maximal order of integration d of variables by conducting
unit root tests,
Step2: Select the optimum lag length & of a VAR, Since the lag length k is rarely
known in practice, we can determine it by several criteria.

Step 3: Estimate the following lag-augmented VAR(k+d) model:
Visat+B Vi (+8,Vi g+t B Vit it BevaVie v a) T & oY)

Where V, ={InSP,InLP,InBC} or V,={InSP,InNLP,InBC} denotes a
vector containing three endogenous variables; « is a vector of constant; 3, is
coefficient matrix, and &, is white noise residuals,

Step 4: In practice, several lag lengths are usually given. Check robustness of the
above estimated augment VA R(k+ d) models by diagnostic tests, and we
can get the final TY-VAR model.

Step 5: A Wald test is conducted on the first parameters instead of all parameters in
the augment VAR(k+d) model, and the statistics follows an asymptotic

Chi-square distribution with & degrees of freedom. If [3;,=0 for

4) Yamada and Toda(1998) show that, the FM-VAR proposed by Phillips(1995) and ECM
procedures are more powerful than the TY-VAR procedure, However, the actual size of
Granger causality test based on the TY-VAR procedure is stable in sample sizes that are
typical for time series, and the FM-VAR and ECM models tend to have larger size

distortion,
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p=1,2,...,k, the jth element of V, does not Granger cause the ith
element of V,. Similarly, if ﬂji‘p =0 for p=1,2,...,k, the ¢th element of

V, does not Granger cause the jth element of V.

2. A new nonlinear econometric model with fractional derivative

In the empirical literature, there are many methodologies(e.g., the Cobb-Douglas
production function, the Logistic function, the quadratic function, and the exponential
function) to investigate the nonlinear relationship among variables, However,
traditional methods neglect the fact that the value of current state depends on both
recent values and historical values of objective function which is the unique property
of fractional derivative, This excellent property is suitable for modeling financial and
economic series mainly due to the fact that the financial and economic variables
always exhibit time-dependent memory effect(Anh and Inoue, 2005).

In the last few years, chaos supports an endogenous explanation of the complexity
observed in economic series with tremendously increasing importance, and represents
a radical change of perspective on business cycles(Chen, 2008). Furthermore, some
scholars report a dynamic model of the financial system(including interest rate,
investment demand, and price index) with three first-order differential equations(Ma
and Chen, 2001a, 2001b). Then, a new fraction order model for financial system based
on the fractional derivative is introduced(Chen, 2008), and some general forms are
reconstructed later(Skovranek et al,, 2012 ; Yue et al., 2013). In this paper, based on
the Jumarie’s(2007) fractional derivative, we reconstruct a new nonlinear econometric
model by extending the fractional order model for economic system proposed by
Chen(2008) to explore the long-run linkages of the financial system consisting of
insurance activity, banking credit, and stock markets.

There exist several definitions of the fractional derivative and integral, while the
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Grunwald-Letnikov(GL), Riemann-Liouville(RL), and Caputo definitions are the three
most frequently used definitions>, In this paper, we choose the modified RL derivative
proposed by Jumarie(2006), The advantage of the Jumarie’s fractional derivative over
others is that it is convenient to remove the limit operation in its definition with a small
step size so that we can depict the discrete from of fractional derivative by multiplying
the classical difference of function with some coefficients, Specifically, the Jumarie’s
fractional derivative of order « for a continuously differentiable function

f:10,+ o0 )—R is defined as:

(m)
DI =M1+ a—m)lim 2L @)

0 RO

) (2

where m = [a], which denotes the integer part of the real number «.
Furthermore, if 0 < o < 1, then

Af()

«

D/f(t)=T(14a)lim 3)

h—0

Recently, there have been several fractional models for financial system. For
instance, Chen(2008) proposes a chaotic fractional order model for the economic
system consisted of investment, interest rate, and price index. The system is expressed
as follows:

thlxt =zt (yt - a)xt
Dy, =1=by, —a; (4)
Dz, = —x,—cz,

where x, y, z denote interest rate, investment, and price index, respectively.

In fact, one financial sector is influenced by its own development and the scale of

other financial sectors®. Not only do we consider their individual impacts, but also

5) More information about the relationships among the three definitions of fractional derivative
can be seen in Podlubny(1999).

6) In traditional methods, they often overlook the own effect of one series on its development
in the long run which is the advantage of the new nonlinear econometric model.
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take their interaction terms and quadratic terms into consideration”), Instead of taking
the same expression in Chen’s fractional chaotic system, we consider a more general

form on the basis of the Jumarie's fractional derivative in Eq,(4) as follows:

xt,,,_xt,,,l
Tty F e Fe AT
n_ tn—1
ytn 7ytn*1
T A .
n_ ln—1
Zt" B ztn—l
W: h($t,yt7 Zis Ag) + &5
n_ lpn—1

with
f('rt’ Yis 245 A1) = ¢y + Biom, + Bioyy + sz T Bramy, + BisTizy
+ Bigyz T 517%2 + 6183/? + ﬂng?
9@y 200 Ay) = o+ By + Bosyy + Pozzy + Bostiyy + oz, 2,
+ Bogyyzy + 52737? + ﬂzsyf + 529%2
h ('rt’ Y Zts As) = ¢y + Bg1@, + Baoyy + B3z, + Baaxyy + Basxy2,
+ Baeyszy T 537%2 + 6383/? + ﬂng?
A; = (c;y Bigs s Big)y 1 =1,2,3
and &;, (i=1,2,3)are the white noise processes. Here, z, denotes stock market,
y; denotes the insurance premiums, and z, denotes the banking credit.
To estimate the above nonlinear econometric model, Yue et al,(2013) derive the
corresponding estimation method with the least squared principle®), In this paper, we

assume the time step At = 0.5, and the multiple stepwise regression analysis is used

to get the optimal regression,

7) Besides the fractional derivative, the interaction terms, and quadratic terms are also the
source of nonlinearity in the new model. Meanwhile, they are also added for selecting the
optimal regression with more precision,

8) Yue et al.(2013) give the optimal fractional orders with different time steps.
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IV. Empirical Results

1. Data source and description

Our empirical application focuses on the linkages among insurance activity, banking
credit, and stock markets for G-7 countries, namely, Canada, France, Germany, Italy,
Japan, the United Kingdom and the United States, All the data are annual and cover
the period from 1979 to 20079, For the proxies of insurance and banking credit
markets, we use real insurance(including life and non-life) premium per capita and
real banking credit per capita. By definition, these variables are also referred to as real
insurance density and real banking credit density, respectively. For simplicity, we use
LP to denote real life insurance density and NLP for real non-life insurance density.
Real insurance density represents the average annual premiums per capita pertinent to
insurance products and real banking credit density(BC) reveals the average annual
domestic credit provided by the banking sector to one inhabitant, The data for
insurance activity can be obtained from the Swiss Reinsurance Company, Simga
database(1980-2008). In addition, we obtain the annual data for banking credit from
the World Development Indicators(WDI, 2008), and stock market indices(SP) are
collected from the Global Financial Databank, Moreover, all variables are calculated in
USD millions and are taken in natural logarithm, Especially, the unit is converted into
the same scale of constant 2000 US dollars. The development trends of the three

financial markets spanning the period from 1979 to 2007 are shown in Fig. 1.

9) Considering the undeniable roles of the 2008 financial crisis in the interactions among
insurance, banking credit and stock markets, we conduct our empirical analyses over the
period 1979-2007.
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{Figure 1) The development trends of the three financial markets during
1979-2007(in logs)
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From Fig. 1, we can find that the development trends of insurance premiums,
banking credit and stock market keep increasing during the period 1979-2007 for G-7
countries, The size of stock market is the smallest, and the size of domestic credit
provided by the banking sector is the largest. The nonlife insurance premiums are
higher than the life insurance premiums in Canada, Germany and the US, while the
latters are higher in Japan and the UK. In addition, the years 1989 and 1998 are two
key structural points for the insurance industries in France and Italy. The nonlife
insurance premiums are higher than the life insurance premiums before 1989 and
1998, while the life insurance premiums catch up with the nonlife insurance premiums
after 1989 and 1998. Generally speaking, the three financial markets in G-7 countries
have the similar growth pattern with tiny individual differences.

Table 1 gives the descriptive statistics and correlation coefficients of insurance
activity, banking credit, and stock market for each country. Panel A shows the

summary descriptive statistics for the mean, standard deviation(S.D.), skewness, and
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kurtosis. In general, the mean of banking credit is the largest, followed by insurance
premiums and stock market indices. This suggests that domestic credit of the banking
sector plays a dominant role in a country’s financial system for promoting its economic
growth, while the insurance activity and stock markets are also significant. According
to the value of natural logarithms of insurance premiums, the G-7 countries can be
divided into three classes: i) the nonlife insurance premiums are larger than the life
insurance premiums in Italy and the US; ii) the life insurance premiums are larger than
the nonlife insurance premiums in Japan and the UK; iii) the life and nonlife insurance
premiums are approximately the same in Canada, France, and Germany. This implies
that studying the linkages among insurance activity, banking credit, and stock markets
in G-7 countries is representative in developed countries, Furthermore, panel B gives
the test results of correlation coefficients among insurance activity, banking credit, and
stock market, These coefficients are positive at the 1% significance level, implying that
there indeed exist interactions among the three main financial markets in G-7
countries, Meanwhile, the correlation coefficients between insurance activity and
banking credit are larger than those coefficients between stock market and the other
two financial sectors, suggesting the possibly existing stronger causality between

insurance premiums and banking credit.

(Table 1) Descriptive statistics and correlation coefficients

| ISP | InLP | InNLP | InBC | InSP | InLP | InNLP | InBC

Panel A

Canada Japan

Mean 8.437 9.588 9.789 13404  7.097 12,188 11.055 15.839
S.D. 0.597 0.605 0.582 0.734 0.446 0.900 0.696 0.726

Skewness 0,201 -0.243 0,187 0.333 -0.544 -0.898 -1.021 -0.848
Kurtosis 1,909 2,352 2.195 2.209 2.841 2.277 2.456 2.107
Panel B

InSP 1.000 1.000

InLP 0.941** 1,000 0.679** 1,000
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InNLP 0.956™**  (,972%= 1.000 0.724**  0,994*** 1.000

InBC 0.939* 0,956** 0,980"* 1,000 0.661*** 0,991** 0,985** 1,000
Panel A

France UK

Mean 7.095 10,532 10,409 13,996 7.143 11.093  10.522  13.796
S.D. 0.904 1.187 0.532 0.477 0.795 1.016 0.758 1.046
Skewness -0.472  -0.537  -0.259  -0.041 -0.650  -0.130  -0.218  -0.405
Kurtosis 2.165 1.883 2.104 2.273 2.303 1.938 1.811 1.967
Panel B

InSP 1.000 1.000

InLP 0,942 1.000 0,951 1.000

InNLP 0.900** 0,982**  1.000 0.928=* 0,982**  1.000

InBC 0.850%* 0,944 (., 966*** 1.000  0.946"* (,985** (),985** 1.000
Panel A

Germany US

Mean 7.477 10.498  10.886  14.420 6.163 6.975 7.284 16,191
S.D. 0.745 0.726 0.579 0.648 0.877 0.338 0.165 0.720
Skewness -0.234 -0.304 -0.457 -0.429 -0.178 -0.541 -0.408 -0.153
Kurtosis 2.062 1.686 1.751 1.605 1.629 2.057 2.465 1.915
Panel B

InSP 1.000 1.000

InLP 0.885**  1.000 0.953** 1,000

InNLP 0.851%*  (,982%** 1.000 0.840%* 0,927+ 1.000

InBC 0.885* 0,997** 0,993** 1,000 0.980*** 0,965** 0,900** 1,000
Panel A

Italy

Mean 6.460 9.180 9.851 13.674

S.D. 0.862 1.629 0.705 0.593

Skewness -0.546  -0.180  -0.467  -0.209

Kurtosis 2.504 1.744 2.032 2.120

Panel B

InSP 1.000

InLP 0.927=+*  1.000

InNLP 0.903** 0,976** 1,000

InBC 0.852**  0,954** (0,986 1.000

Note: Superscript ** represents the statistical significance at the 1% level,
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2. Empirical results of the short—run linkage

It is a prerequisite to determine the maximal integration order of variables before
conducting the TY-VAR procedure. In order to get a more reliable result, we utilize
five different unit root tests, namely augmented Dickey-Fuller(1979; ADF),
Dickey-Fuller GLS(1996; DF-GLS), Kwiatkowski-Phillips-Schmidt-Shin(1992; KPSS),
Phillips-Perron(1988; PP), and Ng-Perron’s MZa(2001; NP). The results of unit root tests
are reported in Table 2,

According to Table 2, it is obvious that the results of the five unit root tests are
slightly contradictory. All of these series are integrated of an order one  process,
except for the series of banking credit in Italy and the series of nonlife insurance
premiums in the US. Then, the traditional VAR and VECM models are not suitable, and
the classical linear cointegration test of Johansen is not appropriate to employ in the
model, Therefore, the Granger causality test of Toda and Yamamoto(1995) should be a

better method,

(Table 2) Unit root test results

Model |Variable| ADF | DF-GLS | PP | KPSS | Mza

Canada

Levels InSP -3.088(0) -3.241*#(0) -3.113(1) 0.096(1) -11.466(0)
InLP -1.822(0)  -1.723(0)  -2.063(3)  0.112(4)  -4.336(0)
InNLP -2.119(0) -2.300(0) -2.283(2) 0.087(2) -8.268(0)
LnBC -2.100(0) -2.181(0) -2.100(0) 0.107(3) -7.125(0)

First InSP -6.480"*(0)  -5.756***(0) -6.539**(2)  0.199(7)  -13.038"*(0)

difference  InLP  -4.425"%(0) -4.337**(0) -4.414"*(1)  0.135(2)  -13.100**(0)
InNLP  -5.877"%(0)  -5.978"*(0) -5.872*(1)  0.183(9)  -13.151**(0)
LnBC  -4.758%*(0) -4.819***(0) -4.758**(0)  0.076(4)  -13.379**(0)

France

Levels InSP -2.202(0) -2.287(0) -2.298(1)  0.128%(3) -7.591(0)
InLP -2.070(1) -2.205(1) -1.431(2)  0.140%(4)  -11.076(1)
InNLP -2,507(1) -2.595(1) -1.713(0) 0.096(3)  -14.437*(1)
LnBC -1.887(0) -1,980(0) -1.972(1) 0.065(3) -6.196(0)

First InSP -5.0274+(0)  -5.117*+(0) -5.031*+(3)  0.091(2) -13.500*(0)

difference InLP -2.664*(0) -2.634*(0) -2.664*(0) 0.121(2) -8.870"(0)
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Germany
Levels

First
difference

Italy
Levels

First
difference

Japan

Levels

First
difference

Levels

First
difference

Us
Levels

InNLP
LnBC

InSP
InLP
InNLP
LnBC
InSP
InLP
InNLP
LnBC

InSP
InLP
InNLP
LnBC
InSP
InLP
InNLP
LnBC

InSP
InLP
InNLP
LnBC
InSP
InLP
InNLP
LnBC

InSP
InLP
InNLP
LnBC
InSP
InLP
InNLP
LnBC

InSP
InLP
InNLP
LnBC

-3.607*(0)
-4.692**(0)

-2.411(0)
-1.512(0)
-2,198(1)
-1.269(0)
-5.074**(0)
-3.748"*(0)
-3.321*(0)
-4,061**(0)

-2,604(1)
-3.208(1)
-2.314(1)
-3.379%(4)
-4,772%*(0)
-2.643*(0)
-3.311%(0)
-3.592*(0)

-1.972(0)
-0.335(4)
-0.852(0)
-0.926(3)
-4.545%+(0)
-3.124*(0)
-3.263**(0)
-3.122"(0)

-1.826(0)
-2.497(1)
-2.048(0)
-2.437(1)
-4.597*+(0)
-4,136¥(0)
-4,432%+(0)
-2,936%(0)

-1.576(0)
-4.893**(4)
-4,319*(1)

-3.372%(2)

-3.670"*(0)
-4.568"+(0)

-2.485(0)
-2.235(1)
-2.268(1)
-1.362(0)
-5.093**(0)
-3.763**(0)
-3.369"*(0)
-4.091**%(0)

-2.509(1)
-3.383"(1)
2.405(1)
-3.556"(4)
-3.392"(0)
-2,502(0)
-3.375"(0)
3.514°(0)

-1.725(0)
-0.978(1)
-1,229(1)
-1.279(1)
-4,638°*(0)
-3.030%*(0)
-3.034"+(0)
-3.188**(0)

-1.564(0)
-2.697(1)
-2.111(0)
-2.544(1)
-4.336**(0)
-3.9024*(0)
-3.950%*(0)
-2.811*%(0)

-1.741(0)
-2,627(1)
4,632°%(1)
-1.793(0)

-3.578"(2)
-4,692%+(0)

-2.534(2)
-1.771(2)
-1.603(1)
-1.509(2)
-5.074**(1)
-3.697*(3)
-3.322*(2)
-4,085"%(1)

-2.965(5)
-2,2003(1)
-1.691(1)
-1.665(2)
-4.804**(3)
-2.692%(2)
-3.128*(4)
-3.592*(0)

-1.939(4)
0.082(8)
-0.973(3)
-0.296(6)
-4.543%*%(1)
-3.233*(2)
-3.263**(0)
-3.173*(1)

-1,711(6)
-1.898(0)
-2.234(1)
-1,728(1)
-4,596**(1)
-4,150%*(1)
-4,458*(1)
-2.936%(0)

-1.690(1)
-1.629(1)
-2.289(1)
-2,110(3)

0.088(1)
0.157(0)

0.099(2)
0.116(4)
0.120%(4)
-0.129*(4)
0.090(5)
0.125(0)
0.098(1)
0.127(1)

0.095(3)
0.102(2)
0.124%(4)
0.091(4)
0.245(5)
0.165(0)
0.097(3)
0.125(1)

0.140*(4)
0.180*(4)
0.175**(4)
0.177%%(4)
0.226(1)
0.568*(1)
0.441*(2)
0.498*(1)

0.165**(4)
0.095(2)
0.095(2)
0.119(4)
0.421*(0)
0.072(2)
0.061(3)
0.103(1)

0.120*(3)
0.120%(3)
0.074(3)
0.131%*(4)

-12,161*(0)
-13.332(0)

-8.387(0)
-9.958(1)
-11.057(1)
-3.540(0)
-13.430"(0)
-12.280%(0)
-11.423*(0)
-12.832*(0)

-11.232(1)
-33.680"%(1)
-12.282(1)
-19.486*(4)
-10,191°%(0)
8.3717(0)
-11,434°*(0)
-12.059°%(0)

-3.657(0)
-4,986(1)
-4,665(1)
-5.174(1)
-13.905*+(0)
-10.369**(0)
-9.493*(0)
-11.420%(0)

-2.892(0)
-15.542*(1)
-6.754(0)
-13.833(1)
-12.452*(0)
-12.082*(0)
-11,265*(0)
-9.418*(0)

-5.510(0)
-14,362%(1)
-25.248*%(1)
-3.917(0)
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First InSP -4,935"*(0) -4.687***(0) -4.941*+(1)  0.137(1)  -13.587**(0)

difference  InLP  -3.512*(0)  -3.466**(0)  -3.534*(1)  0.132(1)  -11.646**(0)
InNLP ~ -3.818"*(1)  -2.166*(0)  -2.825*(0)  0.118(0)  -5.767*(0)
LnBC  -4,604**(0) -4,589***(0) -4.660***(2) 0.227(1)  -13.577**(0)

Note: The regressors include intercept term and time trend for the original series, while only include
intercept term for the first differences. The ADF, DF-GLS, PP and MZa tests hold the hypothesis that
the series has a unit root, while the KPSS test assumes that the series is stationary. The lag lengths
determined via SIC for the four unit root tests(including ADF, DF-GLS and MZa) are in parentheses,
and the Newey-West bandwidths determined by Bartlett kernel for the other two methods also are in

EreY

parentheses. Superscripts *, ** and *** denote the statistical significance at the 10%, 5% and 1% levels,

To apply the TY-VAR approach, the optimum lag length of a VAR model has to be
decided firstly. Here, we use five different lag length criteria to select the lag length,
namely sequential modified LR test statistic(LR), Final prediction error(FPE), Akaike
information criterion(AIC), Schwarz information criterion(SC), and Hannan-Quinn
information criterion(HQ). The results show that different VAR models hold various
optimum lag lengths, 19 By employing diagnostic tests, it is appropriate to estimate the
TY-VAR procedure with lag length 2(including the maximum integration order 1) for
most cases. For the US, the TY-VAR model with lag length 3 is stable, which is also
suitable for the nonlife insurance premiums in Germany and the UK. Then, we
conduct the TY-VAR procedure to investigate the linkages among insurance activity,
banking credit, and stock markets in G-7 countries, Table 3 provides the results of

Granger causality test,

(Table 3) Granger causality test of TY=VAR approach

Life insurance premiums Nonlife insurance premiums
ISP | intP | InBC | nsp | imNLP [ InBC
Canada
1.050  6.017* B 0.026 4,693
InSP (0.306)  (0.014)  mSP 0.871)  (0.030)
3.727* _ 0.238 0.340 B 2.270
InlP (5 054) ©0.620 MNP (07560) (0.132)
InBC 0.390 0.300 npe  LO013 0.002

(0.533) (0.584) (0.314)  (0.969)

10) The results of lag length selection for the TY-VAR procedure are not listed in the paper,
and it is available from the authors upon request.
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parentheses. Superscripts *, ** and *** denote the statistical significance at the 10%, 5% and 1% levels.
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For Canada, there is a unidirectional causality running from stock market to life
insurance premiums and a unidirectional causality also running from banking credit to
the stock market. The results suggest that the domestic credit provided by the banking
sector serves as a leading index in the financial system in Canada. Indeed, banking
sector can impact life insurance activity indirectly through the stock market. As for
France and Japan, a unidirectional causality running from life and nonlife insurance
premiums to banking credit exists, This supports our hypothesis H1 and indicates that
insurance activities affect domestic credit provided by the banking sector, Moreover,
there is a bi-directional Granger causality between nonlife insurance premiums and
banking credit in Germany and the US. These results suggest that insurance activity
and banking credit do not influence the development of the stock markets. In
addition, it demonstrates that Germany and the US have the similar financial system,
Finally, in Italy and the UK, it holds the opposite conclusions approximately.
Specifically, the nonlife insurance premiums Granger cause banking credit in Italy,
while there is a bi-directional causality in the UK, Meanwhile, a unidirectional causality
runs from the life insurance premiums to stock market in Italy, but it is contrary in the
UK. This phenomenon shows the notable difference between the financial systems of
Italy and the UK. Generally speaking, the results of Granger causality test reveal
diverse function mechanisms in the financial systems of G-7 countries, Among the
financial sectors of insurance activity, banking credit, and stock markets, various
Granger causal relationships are existed.

Table 4 summarizes the empirical findings of Table 3 and concludes our hypothesis

according to the coefficients of the estimated TY-VAR models!D, The results report

11) When we conduct the TY-VAR procedure, various lag lengths are selected for G-7
countries, Here, following the Granger causality test of Toda and Yamamoto(1995), it is
appropriate to use the cumulative values of the first &k parameters to detect the
substitutionary or complementary relationship among insurance activity, banking credit,
and stock markets,
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that the linkages among insurance activity, banking credit, and stock market exhibit a

substitutionary relationship in some countries, while there is a complementary

relationship in another countries, and no causal effect in the other countries,

(Table 4) The summary of null hypothesis based on the short—run causal relationships

Null hypothesis Insurance activity is lead Insurance activity is lag

H1 France, Germany, Italy, Japan,|Germany, UK
us

H1.1 France, Japan -

H1.2 - -

H1.3 France, Germany, Italy, Japan,| UK
UK

H1.4 Us Germany

H2 Canada, UK Canada, France, Italy, Japan,

US

Null hypothesis Stock market is lead Stock market is lag

H3 Canada, UK Italy

H3.1 Canada, UK Italy

H3.2 - -

H3.3 - -

H3.4 - -

H4 France, Germany, Italy, Japan,|Canada, France, Germany,
Us Japan, UK, US

Null hypothesis Banking credit is lead Banking credit is lag

H5 Canada, US UsS

H5.1 US _

H5.2 Canada usS

H6 France, Germany, Italy, Japan,|Canada, France, Germany,
UK Italy, Japan, UK

For the linkage between insurance activity and banking credit in the lead insurance

activity model, we find a complementary effect between the life insurance premiums

and banking credit in France and Japan, which provides empirical evidence supporting

the hypothesis H1.1. That is the development of life insurance industries can increase
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the demand for banking credit in France and Japan, In France, Germany, Italy, Japan,
and the UK, a complementary effect exists between the nonlife insurance premiums
and banking credit supporting the hypothesis H1.3, and a substitutionary effect exists
in the US supporting the hypothesis H1.4. The results show that banking credit is
increasing with nonlife insurance premiums growth in France, Germany, Italy, and
Japan, while in the US it holds the opposite way. In the lag insurance activity model,
there is a complementary effect between the nonlife insurance activity and banking
credit in the UK, supporting the hypothesis H1.3, while a substitutionary effect in
Germany supporting the hypothesis H1.4. The results suggest a positive effect of
banking credit on the nonlife insurance activity in the UK and a negative effect existing
in Germany.

For the linkage between insurance activity and stock market, a complementary
causal relationship between the life insurance activity and stock market exists in
Canada and the UK when the stock market is lead, whereas a complementary effect
exists in Italy when the stock market is lag. The results support the hypothesis H3.1.
This means that the life insurance premiums growth is increasing with a more
developed stock market in Canada and the UK, and the stock market will be more
attractive along with the development of life insurance industries in Italy,

For the linkage between banking credit and stock market in the lead banking credit
model, there is a complementary relationship in the US, supporting the hypothesis
H5.1, and a substitutionary relationship in Canada, supporting the hypothesis H5.2. In
addition, the result of a substitutionary effect in the US for banking credit lagged
supports the hypothesis H5.2, That is to say, the development of banking credit can
increase the demand of stock market in the US, while the stock market growth inhibits
the demand of banking credit. And, the banking credit restricts the expansion of the
stock market in Canada.,

By applying the Granger causality test proposed by Toda and Yamamoto(1995), the
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results of the short-run linkages among insurance activity, banking credit, and stock
markets imply five major conclusions.

First, there are various causal nexus among insurance activity, banking credit, and
the stock markets in G-7 countries. For example, there is a unidirectional causality
running from insurance premiums to banking credit in France, Italy and Japan, a
unidirectional causality running from banking credit to insurance premiums in the UK
and the US, a bi-directional causality between the two series in Germany, and no
causality in Canada.

Second, the causal relationships in the financial system are diverse across G-7
countries, For example, a substitutionary effect exists between banking credit and
stock market in Canada, while a complementary effect exists in the US,

Third, the linkage between two series may be different in one country. For the
causal nexus in the US, there is a unidirectional causality running from banking credit
to stock market with the life insurance activity, and no causality with the nonlife
insurance activity. For the causal relationship between two financial sectors in one
country, there may be opposite effects of one on another, In Germany, the growth of
the nonlife insurance premiums promotes the development of banking credit, but in
turn banking credit has a negative effect on the nonlife insurance premiums. In the US,
the development of banking credit can increase the demand of the stock market, and
the stock market restricts the domestic credit provided by the banking sector.

Forth, owing to the fact that life and nonlife insurance sectors have different
economic roles, hence we get the different linkages between them and other financial
markets(including banking credit and stock market). For example, there is a
unidirectional causality between the life insurance premiums and the stock markets in
Canada, Ttaly and UK, while there has no causality between the nonlife insurance
premiums and other financial markets,

Fifth, as a whole, the linkage between insurance activity and banking credit in G-7
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countries is stronger than the linkage between insurance activity and stock market or
than the linkage between banking credit and stock markets. There are six countries
(France, Germany, Italy, Japan, the UK, and the US) with significant causal
relationships between insurance premiums and banking credit, three countries
(Canada, Italy, and the UK) with significant causal relationships between insurance
premiums and stock markets, and only two countries(Canada and the US) with
significant causal relationships between banking credit and stock markets, However, in
terms of individual heterogeneity, it has a different conclusion, For example, in

Canada, there is no causality between insurance activity and banking credit.

3. Empirical results of the long—run nonlinear linkage

Employing the multiple stepwise regression method, we estimate the nonlinear
econometric model with fraction derivative for exploring the long-run relationships
among insurance activity, banking credit, and stock markets in G-7 countries, Model 1
represents the stock market equation, model 2 represents the life or nonlife insurance
premiums equation, and model 3 represents the banking credit equation, Tables A1-A7
in Appendix report the multiple stepwise regression results for each country, The
results show that there indeed exist nonlinear relationships among insurance activity,
banking credit, and stock markets in the long run. Hence we can get more reliable
results about the long-run relationship than the traditional methods. In this paper, we
detect the long-run relationships among the three financial sectors according to the
coefficients of the individual effects!2),

Table 5 summarizes the long-run nexus among insurance activity, banking credit,

12) In fact, the interaction terms and quadratic terms may also affect their long-run
relationships. However, it is difficult to analyze the longrun nexus owing to the
complexity, so we only detect the long-run linkages among insurance activity, banking
credit, and stock market based on their individual effects, In this paper, we take their
interaction terms and quadratic terms into regression models for more precision.
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and stock market in each G-7 country,

(Table 5) The impact directions of the long—run linkages

Country Life insurance premiums Nonlife insurance premiums
Canada InSP—InBC InSP—InBC
InLP<InBC InNLP—InSP
InLP—InSP InNLP—InBC
France InSP—InBC InBC—InNLP
InLP—InSP
InBC—InLP
Germany InSP—InLP InSPInNLP
InLP—InBC InSP<>InBC
InNLP—InBC
Italy InSP—InBC InNLP—InSP
InLP—InSP InBC—InSP
InBC—InLP InBC—InNLP
Japan InSP<>InLP InSP<>InBC
InSP—InBC InNLP<>InBC
InLPInBC
UK InBC—InSP InSP—InNLP
InBC—InSP
InBC—InNLP
us InSP—InLP InSP<=>InNLP
InBC—InLP InSP<>InBC
InNLP<>InBC

For Canada, there is a unidirectional effect of stock market on banking credit when
the proxy of insurance activity is life or nonlife insurance premiums. The result
indicates that the stock market impacts the social demand of the domestic credit
provided by the banking sector. When investors suffer from the severe volatility in the
stock market, they will turn to the banking sector for financial support. Meanwhile,
unidirectional effects of both life and nonlife insurance activities on stock market exist.
The development of insurance industries ensures someone more confident to invest
stock markets. In addition, there is a bi-directional relationship between life insurance
activity and banking credit, and a unidirectional effect between nonlife insurance

activity and banking credit. This shows that the relationship between banking credit
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and life insurance premiums is stronger than that between banking credit and nonlife
insurance premiums,

For France, there exists a unidirectional impact of stock market on banking credit
and a unidirectional impact of life premiums on stock market, Furthermore, banking
credit affects life and nonlife insurance activities, while the opposite direction does not
exist, The results suggest that the development of life insurance industries may impact
banking credit business through stock markets, and banking credit can affect the
demand of life insurance product directly. Also, the wide range of business outlets and
effective payment system of banking credit may be conductive to the development of
nonlife insurance industries.

For Germany, there is a bi-directional relationship between stock market and
banking credit, and a bi-directional relationship between stock market and nonlife
insurance premiums, Moreover, unidirectional effects of life and nonlife insurance
activities on banking credit exist at the same time, while a unidirectional effect of stock
market on life insurance premiums also exists. These results show that the linkage
between stock market and nonlife insurance premiums is stronger than the linkage
between stock market and life insurance premiums. Meanwhile, the linkages between
both life and nonlife insurance activities and banking credit are the same.

For Ttaly, unidirectional effects of both life and nonlife insurance premiums on stock
market and unidirectional effects of banking credit on life and nonlife insurance
premiums exist, which reveals that the linkage between life insurance activity and
stock market or banking credit is the same with that between nonlife insurance activity
and stock market or banking credit, Furthermore, there is a unidirectional effect of
stock market on banking credit when the proxy of insurance activity is life insurance
premiums, whereas there is a unidirectional effect of banking credit on stock market
when the proxy of insurance activity is nonlife insurance premiums. The result

suggests that the different economic roles of life and nonlife insurance activity may
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lead to different causal nexus between stock market and banking credit,

For Japan, there is a bi-directional relationship between stock market and life
insurance premiums, while no relationships between nonlife insurance premiums and
banking credit exists. The result reflects the different roles of life and nonlife insurance
activity in the process of economic growth, which leads to the conclusion, In addition,
bi-directional relationships between both life and nonlife insurance premiums and
banking credit are proved, which reports that the linkage between life insurance
activity and banking credit keeps the same with that between nonlife insurance activity
and banking credit, However, there exist different relationships between stock markets
and banking credit, A unidirectional effect of the stock market on banking credit exists
in the financial system with life insurance market, while there is a bi-directional linkage
between stock market and banking credit in the financial system with nonlife
insurance market, The results may show the different intermediary roles of life and
nonlife insurance activities,

For the UK, there is a unidirectional impact of banking credit on the stock market,
and unidirectional impacts of the stock market and banking credit on nonlife insurance
premiums are proved, The results show that the domestic credit provided by the
banking sector plays an important role in the financial system, and the linkage
between nonlife insurance activity and other financial sectors is stronger than that
between life insurance activity and other financial sectors,

For the US, a bi-directional relationship between nonlife insurance premiums and
the stock market and a unidirectional effect of the stock market on life insurance
premiums are proved. Meanwhile, there is a unidirectional effect of banking credit on
life insurance premiums and a bi-directional relationship between banking credit and
nonlife insurance premiums. These results reveal that different economic roles of life
and nonlife insurance activities lead to the different nexus between them and other

financial sectors, Moreover, a bi-directional relationship between the stock market and



The Linkages among Insurance, Banking Credit and Stock Markets in G7 Countries 107

banking credit exists for the financial system with life insurance market, while no
linkage exists for the financial system with nonlife insurance market, These results also
strength the differences of life and nonlife insurance activities in the financial system.
Table 6 concludes our hypothesis according to the coefficients of the estimated
nonlinear econometric models with fractional derivative based on the empirical

findings of Table 5.

{Table 6) The summary of null hypothesis based on the long—run relationships

Null hypothesis

Insurance activity is active

Insurance activity is passive

H1

Canada, Germany, Japan, US

Canada, France, Italy, Japan,
UK, US

H1.1 Canada, Germany Italy

H1.2 Japan Canada, France, Japan, US
H1.3 Canada, US Us

H1.4 Germany, Japan France, Italy, Japan, UK
H2 France, Italy, UK Germany

Null hypothesis

Stock market is active

Stock market is passive

H3

Germany, Japan, UK, US

Canada, Germany, France, Italy,
Japan, US

H3.1 Germany, Japan, US -

H3.2 - Canada, France, Italy, Japan
H3.3 Germany, UK Germany, US

H3.4 uUs Canada, Italy

H4 Canada, France, Italy UK

Null hypothesis

Banking credit is active

Banking credit is passive

H5

France, Germany, Italy, Japan,
UK, US

Canada, Germany, Italy, Japan,
us

H5.1 Germany, Italy Germany, Japan
H5.2 France, Japan, UK, US Canada, Ttaly, US
H6 Canada UK, France

For the linkage between insurance activity and banking credit in the active

insurance activity model, a complementary effect exists between the life insurance
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premiums and banking credit in Canada and Germany. The results show that the
development of life insurance industries will promote the expansion of the domestic
credit provided by the banking sector that supports the hypothesis H1.1. On the
contrary, we find a substitutionary effect in Japan, indicating that the demand of
banking credit is subject to the development of life insurance activity and the
hypothesis H1.2 is proved. When the nonlife insurance activity is active for the linkage
between insurance activity and banking credit, there is a complementary effect
between the nonlife insurance premiums and banking credit in Canada and the US,
while a substitutionary effect exists in Germany and Japan. This means that the
demand of banking credit is increasing with the development of nonlife insurance
industries in Canada and the US, but it is decreasing in Germany and Japan. In the
passive insurance activity model, a complementary relationship between life insurance
premiums and banking credit exists only for Italy, supporting the hypothesis H1.1,
while a substitutionary effect exists for most G-7 countries, including Canada, France,
Japan, and the US, supporting the hypothesis H1.2. The results suggest that the growth
of the domestic credit provided by the banking sector will speed up the life insurance
industries in Italy and impede it in Canada, France, Japan, and the US. Meanwhile,
there is a complementary relationship between nonlife insurance activity and banking
credit supporting the hypothesis H1.3 in France, Italy, Japan, and the UK, and a
substitutionary effect in Germany, supporting the hypothesis H1.4. This illustrates that
the nonlife insurance premiums have a positive effect on the development of banking
credit in France, Italy, Japan, and the UK, and a negative effect in Germany.,

For the linkage between insurance activity and stock market, in the active stock
market model, there exists a complementary effect between the life insurance
premiums and the stock markets in Germany, Japan, and the US, supporting the
hypothesis H3.1, and there exist no substitutionary effects in G-7 countries, The result

indicates that the demand of stock market is increasing with the development of life
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insurance activity in Germany, Japan, and, the US, In addition, a complementary effect
between the nonlife insurance premiums and the stock market exists in Germany, and
the UK, while a substitutionary effect exists in the US. The results reveal that the
nonlife insurance industry can promote the development of stock market in Germany
and the UK and restrain it in the US, supporting the hypothesis H3.3 and H3.4,
respectively. In the passive stock market model, a substitutionary effect between the
life insurance activity and the stock market, supporting the hypothesis H3.2, exists in
Canada, France, Italy, and Japan, This means that the demand of the stock markets is
decreasing with the growth of life insurance premiums in these countries. Besides,
there is a complementary effect between the nonlife insurance premiums and the stock
markets in Germany and the US, supporting the hypothesis H3.3, and a substitutionary
effect exists in Canada and Ttaly, supporting the hypothesis H3.4. These results suggest
that the development of nonlife insurance premiums can raise the demand of the stock
markets in Germany and the US, while it can have a negative effect on the stock
markets in Canada and Italy.

For the linkage between banking credit and stock markets when banking credit is
active, there is a complementary effect in Germany and Italy, supporting the
hypothesis H5.1, and a substitutionary effect in France, Japan, the UK, and the US,
supporting the hypothesis H5.2. The results show that in Germany and Italy, the
domestic credit provided by the banking sector impacts the demand of the stock
market positively, while in France, Japan, the UK, and the US affects negatively. In the
passive banking credit model, a complementary effect exists in Germany and Japan
and a substitutionary effect exists in Canada, Italy, and the US. This means that the
development of the stock market can stimulate the demand of the domestic credit
provided by the banking sector in Germany and France, while it curtails the demand of
the banking credit in Canada, Italy, and the US.

By employing a more general form of the traditional fractional order approach for
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economic system proposed by Chen(2008) and the multiple stepwise regression
method, the long-run linkages among insurance activity, banking credit, and stock
markets in G-7 countries are investigated and can be concluded by five major aspects.

First, the linkage between any two series in G-7 countries is various, For example,
there is a unidirectional effect of the stock market on banking credit in Canada and
France, while there is a bi-directional relationship between the two financial sectors in
Italy and the US.

Second, for the significant relationship, variant results exist for the same two series.
For example, there is a complementary effect between the nonlife insurance premiums
and banking credit in Canada and the US, while a substitutionary effect exists in
France, Germany, Italy, Japan, and the UK,

Third, in one country, the linkage between two series may be different. For the
linkage in Ttaly, there is a unidirectional effect of the stock market on banking credit
with the life insurance premiums, while a unidirectional effect of banking credit on the
stock market with the nonlife insurance premiums, This means that life and nonlife
insurance activities play different intermediary roles for the linkage between stock
markets and banking credit, For the significant relationship, there is a positive effect of
life insurance activity on banking credit while a negative effect of banking credit on
life insurance activity in Canada, and the domestic credit provided by the banking
sector promotes the development of the stock market, and in turn the stock market
impedes the development of banking credit in Italy, The results suggest that each
financial market has its unique development process, implying that the effect of one
on another may be opposite.

Forth, the results of the financial system with life insurance activity differ from the
results of the financial system with nonlife insurance activity, In France, there is a
unidirectional effect of the life insurance premiums on the stock market and no linkage

between the nonlife insurance premiums and the stock market. A unidirectional effect
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of the stock market on the life insurance premiums and a bi-directional effect between
the stock market and the nonlife insurance premiums exist in Germany. These results
may be caused by the different economic roles of life and nonlife insurance industries.

Fifth, as a whole, the linkage between stock market and banking credit is the
strongest, followed by the linkage between insurance activity and banking credit and
the linkage between insurance activity and stock markets, There is a bi-directional
relationship between the stock markets and banking credit in Germany, Italy, Japan,
and the US, and a unidirectional relationship in Canada, France, and the UK.
Meanwhile, a bi-directional relationship between the life insurance premiums and
banking credit in Canada and Japan and a bi-directional relationship between nonlife
insurance premiums and banking credit in Japan and the US are proved, while a
unidirectional effect exists in other G-7 countries.

In addition, there is a bi-directional relationship between life insurance activity and
stock market in Japan, a bi-directional relationship between nonlife insurance activity
and the stock markets in Germany and the US, and unidirectional effects exist in other
G-7 countries. Furthermore, in terms of one country, it has individual heterogeneity.
For example, in Germany, the linkage between insurance activity and the stock market

is stronger than the linkage between insurance activity and banking credit.

4. The difference between the short—run and long—run linkages

Using the TY-VAR procedure and the new nonlinear econometric model with
fractional derivative, we investigate the short-run and long-run linkages among
insurance activity, banking credit, and the stock markets in G-7 countries, Empirical
results show that the short-run and long-run linkages among the three financial sectors
appear to differ across countries, In addition, owing to the different economic roles of

life and nonlife insurance activities, the linkage between life insurance activity and
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other financial markets significantly differs from the linkage between nonlife insurance
activity and other financial markets, Meanwhile, there are greatly differences between
the short-run causal nexus and the long-run relations. We conclude the comparisons

of null hypothesis in the short-run and long-run, and the results are shown in Table 7.

(Table 7) Comparison of null hypothesis in the short—run and long—run

Country Short—run linkage Long—run linkage Identical hypothesis

Canada H3.1 H5.2 H1.1 H1.2 H1.3|-
H3.2 H3.4 H5.2

France H1.1 H1.3 H1.2 H1.4 H3.2 |-
H5.2

Germany H1.3 Hl1.4 H1.1 H1.4 H3.1|-
H3.3 H5.1

Italy H1.3 H3.1 HI.1 H1.4 H3.2|-
H3.4 H5.1 H5.2

Japan H1.1 H1.3 H1.2 H1.4 H3.1|-
H3.2 H5.1 H5.2

UK H1.3 H3.1 H1.4 H3.3 H5.2 -

US H1.4 H5.1 H5.2 H1.2 H1.3 H3.1|H5.2
H3.3 H3.4 H5.2

Compared with the short-run and long-run linkages from Table 7, we can get the
following conclusions. First, the long-run linkage is stronger than the short-run
linkage. For each G-7 country, the number of supporting the null hypothesis in the
long run is larger than that in the short run, For example, in Canada, there are six null
hypotheses and two null hypotheses proved in the long-run and short-run. Second,
the linkage between insurance activity and banking credit is the strongest among the
short-run causal nexus, while the linkage between banking credit and stock market is
the strongest in the long-run nexus, However, the individual heterogeneity exists, For
example, the short-run causal nexus in the US show that the linkage between stock

market and banking credit is the strongest, which the long-run relationships in Canada
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report that the linkage between insurance activity and banking credit is the strongest.
Third, for one country, the short-run linkage between any two financial markets is
almost completely different from their long-run linkage, From the column 4, we can
find that the null hypotheses supported in the short run differ from that in the long run

entirely, except the null hypothesis H5.2 in the US,

V. Conclusions and Implications

Previous works mainly focused on the linkage between insurance activity and
economic growth, the interactive effects among different financial sectors in the
process of economic growth, However, few attentions have been paid on the linkages
between insurance activity and other financial markets from the perspective of industry
development. In this paper, we model the linkages among insurance activity, banking
credit and stock market for G-7 countries over the period 1979-2007 in a unified
framework. Our empirical results provide some useful insight for short-term and
long-term investors to diversify risk away as well as earn abnormal returns, and for
policy makers to promote the synergetic development of financial markets and realize
the interactive effects among different financial sectors on economic growth,
Considering the different economic roles of life and nonlife insurance activity, we
categorize the insurance premiums into life and property premiums, and discuss them
separately.

In order to examine the causal nexus among insurance activity, banking credit, and
stock markets, we use the TY-VAR approach proposed by Toda and Yamamoto(1995),
which is stable for sample size and variable integrations. The empirical results indicate
that the short-run causal nexus among them varies across countries, and the

relationships are also diverse for the same two financial markets, For instance, in
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France and Japan, there is a unidirectional causality between life and property
insurance activities and banking credit, and the insurance activities are the leading
indexes. In contrast, a unidirectional causality running from banking credit to nonlife
insurance activity exists in Germany and the UK, and no causality between life
insurance activity and banking credit is proved. And, there is a substitutionary effect
between banking credit and the stock market in Canada, while a complementary effect
exists in the US. But, even in one country, the linkage between two series may be
different. In the US, a unidirectional causality running from banking credit to the stock
market with the life insurance activity, and there has no causality with the nonlife
insurance activity, Moreover, the linkages between life insurance activity and other
financial markets differ from that between property insurance activity and other
financial markets, suggesting that it is necessary to distinguish life and nonlife
insurance activities, In addition, as a whole, the linkage between insurance activity and
banking credit in G-7 countries is the strongest.

Furthermore, according to the unit root test results, all the series are not integrated
of the same order, revealing that the classical cointegration test of Johansen is not
suitable in our model. To some extent, the result implies that there may be nonlinear
relationships among the three financial sectors. To investigate the long-run nonlinear
linkages among insurance activity, banking credit, and stock market, we reconstruct
the fractional order model for economic system proposed by Chen(2008), and the
multiple stepwise technique is employed to obtain the optimal functions, We find that
the long-run linkages are also country-specific. However, differing from the short-run
linkage, the linkage between banking credit and stock market in the long run is the
strongest, What's more, the long-run linkage is stronger than the short-run linkage, and
they are almost completely different,

For empirical modeling, when the series are not integrated with the same order, the

traditional cointegration tests are not able to be used. That is to say, the traditional
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linear methods may not be suitable to model multiple variables. Meanwhile, some
traditional nonlinear functions neglect the fact that the current value of economic and
financial series depends on both recent and historical values., To overcome these
drawbacks, a new nonlinear econometric introduced in this paper is based on the
fractional order model with differential equations. The findings suggest that linear
model may not be appropriate to analyze the long-run linkage between insurance
activity and other financial markets, and researchers should pay attentions on
nonlinear models to investigate the relationships among different financial markets,

As to policy implications, our empirical results benefit investors and policymakers,
For investors, taking Germany as example, there is no causal linkage among life
insurance premiums, banking credit, and stock market indices. The result indicates that
the underlying financial assets of investors in Germany are more diversified.
Furthermore, under complementary cases, if the financial markets are growing as in
the cases of insurance activity or banking credit, investors should either long insurance
or bond assets, and then short their stock assets to regulate their hedging strategy, or
else long stock and other financial assets to earn abnormal return, According to our
findings for the relationships among insurance activity, banking credit, and stock
markets, policymakers needs to reform the financial systems to strength their
cooperated relationships, and to achieve their interactive effects on economic growth,
And, the government should actively encourage financial products combined insurance
markets with other financial markets to promote their synergistic developments.

Note that, based on the significantly different empirical results of the linkages in the
short-term and long-term linkages among insurance, banking credit, and stock
markets, the investment strategy for investors and the government’s financial policies
should be implemented discriminately in the short run and long run, Meanwhile, the
investment strategies and financial policies in different countries should also

heterogeneous. In addition, when we analyze and forecast the fragility of banks and
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other financial sectors, taking their linkages into consideration is necessary, as well as
the financial linkages between banks. In this paper, our findings show that there exist
some linkages among insurance activity, banking development, and stock market, and
hence it is important to realize the financial linkages within and between the three
financial sectors for financial stability. Therefore, while estimating system risk linkages

among different financial sectors, it is necessary to take their linkages into account,
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Appendix

(Table A1) Multiple stepwise regression results for Canada

Life insurance premiums Nonlife insurance premiums
Variable | Model 1| Model 2 | Model 3 Model 1 |Model 2| Model 3
Constant 34.3551%* 12.0013**
(0.0009) (0.0313)
T, 6.5325" -18.3579** -4.6207*
(0.0271) (0.0006) (0.0913)
Yy -5.7385"  4,5994*  22.7914% -2.3523"* 8.4339™
(0.0283)  (0.0653) (0.0000) (0.0362) (0.0265)
z, -8.3221%*  -4,5843* -3.2335"
(0.0064) (0.0113) (0.0938)
zfy,  -0.6422+ -2.9102+ -3.5336% -2.4050*
(0.0344) (0.0021) (0.0015) (0.0283)
x, ¥z 3.4859" 2.47306%* 2,1109*
(0.0007) (0.0014) (0.0164)
y, Xz, 0.8207*  -0.3121*  -5.3033** 2.3262%* -1.4720*
(0.0333)  (0.0832) (0.0022) (0.0009) (0.0653)
2
Ty
y: 3.8224%* 0.0129*  1.5955*
(0.0034) (0.0891)  (0.1000)
zf -5.7385*  0.4068"* 0.9845* -1.6525**  -0,0103*
(0.0283)  (0.0176) (0.0498) (0.0011)  (0.0991)

Note: z, denotes the stock market; y, denotes the life or nonlife insurance premiums; z, denotes the banking

credit, Superscripts *, ** and ** denote the statistical significance at the 10%, 5% and 1% levels, P-values
are in parentheses,
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(Table A2) Multiple stepwise regression results for France

Life insurance premiums

Nonlife insurance premiums

Variable

Model 1 | Model 2 | Model 3

Model 1 | Model 2 | Model 3

Constant
Ty
Yt
2t
T y,
x, %z
Yt 2
a
vi

2
2

_9. 6013***

(0.0017)

0.2725™ 1,7348*"

(0.0386) (0.0077)
-0.1760%*  -6,9288***
(0.0472)  (0.0004)
5.4624%*
(0.0003)

-0.0085*  -0.1200%**

(0.0916) (0.0084)

0.9477**  0,1535**

(0.0001) (0.0012)

-0,2945%* -0, 1194**

(0.0003)  (0.0012)
-0,5591%*
(0.0001)

2.4353* 526720
(0.0347)  (0.0000)

-0,6125
(0.000)

1,9709*  -0.0077**
(0.0222)  (0.0287)
-1.0489*
(0.0387)
0.6776* 0.0003**
(0.0357) (0.0292)
-0.3853"
(0.0178)
-1.1358*  0.0362**
(0.0242) ~ (0.0000)

Note: z, denotes the stock market; y, denotes the life or nonlife insurance premiums; 2, denotes the banking

credit, Superscripts *, ** and ** denote the statistical significance at the 10%, 5% and 1% levels, P-values
are in parentheses,
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(Table A3) Multiple stepwise regression

results for Germany

Life insurance premiums

Nonlife insurance premiums

Variable | Model 1| Model 2 | Model 3

Model 1 | Model 2 | Model 3

Constant -7.8398**
(0.0112)
x, 0.2241*  1,5570* 2.3833*  1,7374*
(0.0618)  (0.0178) (0.0274)  (0.0631)
Yy 0.8076**  36.0733* -16.6315*  -1.6620*  -1,1640*
(0.0071)  (0.0699) 0.0682)  (0.0241)  (0.787)
2 -26.3920* 12,8446
(0.0682) (0.0610)
x Xy, -0.4979 -0.01657*
(0.0274) (0.0573)
x, %z -0.1129**  0.3556** 0.0254**  -0,1712%
0.0130)  (0.0298) (0.0067)  (0.0223)
y,. 52 -10.5655* 1.2321*  0.1198*  0,1880*
(0.0776) (0.0508)  (0.0194)  (0.0293)
i
y? 5.6939*
(0.0736)
22 -0.0077* 4,6873* -0.9633* -0.0782*
(0.0734) (0.0809) (0.0429) (0.0179)

Note: z, denotes the stock market; g, denotes the life or nonlife insurance premiums; z, denotes the banking
credit. Superscripts *, ** and ** denote the statistical significance at the 10%, 5% and 1% levels, P-values
are in parentheses,
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(Table A4) Multiple stepwise regression results for Italy

Life insurance premiums Nonlife insurance premiums
Varible | Model 1 ‘ Model 2 ‘ Model 3 Model 1 | Model 2 | Model 3
Constant 104,8126%*
(0.0088)
x, 0.2406%* -0,4001** 13,0942**
(.0133) (0.0364) (0.0155)
Yy -0,1588*  -1,4960** -26,7778* 26,6776
(0.0189)  (0.0399) (0.0133) (0.0290)
z, 1.4033** 12,9829 -34,1833*
(0.0102) (0.0185) (0.0175)
Ty * Yy -0.4052%* -0 ,3128%* -0,6829*
(0.0000) (0.0044) (0.0422)
x, ¥z 0.0359** -0.9291*  0.4866*
(0.0334) 0.0176)  (0.0468)
yt* 2 0.3153*** 1.8898 -5.9794* 0.0003**
(0.0018) (0.0164) (0.0178) (0.0292)
%? 0.2821*  (,2159***
(0.0001) (0.0049)
y? 0.1064** 3.0660%*
(0.0058) (0.0135)
z? -0.1741%* -0.9135* 3.2528™
(0.0021) (0.0241)  (0.0193)

Note: z, denotes the stock market; y, denotes the life or nonlife insurance premiums; z, denotes the banking

credit, Superscripts *, ** and ** denote the statistical significance at the 10%, 5% and 1% levels, P-values
are in parentheses,
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(Table A5) Multiple stepwise regression results for Japan

Life insurance premiums

Nonlife insurance premiums

Varible | Model 1 |Model 2| Model 3 Model 1 | Model 2 | Model 3
Constant -77.8380" 88.9577* 96,1738
(0.0310) (0.0338)  (0.0017)
z, 22,6051 12,7839* 11,1336** 7.1952%
(0.0093)  (0.0649)  (0.0262) (0.0496)
Y, -13.4606%** -10,1859* 30.8161%*  -4.5629*
(0.0099) (0.0365) (0.0045)  (0.0578)
A -5.3288*  12.7092* -11.4103*  -33,4754*
(0.0863)  (0.0335) (0.0347)  (0.0022)
¥y,  1.8772%  1.8518*  1.4310% 1.6983*
(0.0096)  (0.0728)  (0.0344) (0.0434)
x ¥z, -2.8447%%  -2.2312%  -1.7975* -1.6342"
(0.0097)  (0.0653)  (0.0301) (0.0362)
Y 2 -0.7845* -6.1510%  -0.4566*
(0.0895) (0.0204)  (0.0987)
z? 0.0300%**
(0.0082)
y? 3.0412*
(0.0333)
22 0.6411**  0.9400* 0.3592*  3.1837**  0.5173*
(0.0105)  (0.0831) (0.0368)  (0.0109)  (0.0506)

Note: z, denotes the stock market; y, denotes the life or nonlife insurance premiums; z, denotes the banking
credit, Superscripts *, ** and ** denote the statistical significance at the 10%, 5% and 1% levels, P-values
are in parentheses,
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(Table AB) Multiple stepwise regression results for the UK

Life insurance premiums Nonlife insurance premiums
Variable | Model 1 | Model 2 | Model 3 Model 1| Model 2 | Model 3
Constant 19, 7811* 0.6985*
(0.0008) (0.0322)
x, 7.4314"
(0.0003)
n 4,0429*
(0.0638)
Z -2.8973" -0.0443*  -6,9438"*
(0.0010) (0.0566)  (0.0013)
x ¥y,  -0.0820%* -0.0088*
(0.0007) (0.0993)
x, %z -1.1664**  -0.0108*
(0.0081)  (0.0740)
y Xz -0.2590*
(0.0918)
z? 0.0891** 0.5946"*
(0.0004) (0.0427)
y? 0.0009**
(0.0001)
22 0.1162%* 0.0043* 0.6435***  0.0062*
(0.0009) (0.0600) (0.0010)  (0.0508)

Note: z, denotes the stock market; y, denotes the life or nonlife insurance premiums; z, denotes the banking

credit, Superscripts *, ** and ** denote the statistical significance at the 10%, 5% and 1% levels, P-values
are in parentheses,
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(Table A7) Multiple stepwise regression results for the US

Life insurance premiums Nonlife insurance premiums
Variable | Model 1 | Model 2 | Model 3 Model 1 | Model 2 | Model 3
Constant  4,3222** 50.8721* -137.1075%
(0.0002) (0.0330) (0.0499)
T, 4,6698"* -3.5753* -6.4257**
(0.0324) (0.0747) (0.0323)
Yy 5.1315% 35.1488* 43,0683
(0.0964) (0.0120) (0.0461)
2 -4,0881**  0.0779** -15.2963*  7.4926**
(0.0185)  (0.0124) (0.0131)  (0.0401)
T ¥y, -1.3584% -0,2213* 10,7367 34368
(0.0081) (0.0711) (0.0223) (0.0342)
z, ¥z, 0.7373** -0.6010**  0.0995* -5.7265"  0.2104* -1,4656™*
(0.0014)  (0.0211)  (0.0653) (0.0255)  (0.0814) (0.0380)
y,. 52 0.0707* -16,9244** -3,0421"*
(0.0927) (0.0450) (0.0420)
x? -0.1542*  0,3980™ 1.2620™ 0.4254"
(0.0915)  (0.0143) (0.0453) (0.0448)
y‘f 0.5368*  -0.3647* 11.9489*
(0.0139)  (0.0932) (0.0955)
22 -0.1511%*  0.2450*  -0.0366* 5.3223%  -0.2647*  1,1588*
(0.0011)  (0.0117)  (0.0803) (0.0300)  (0.0470) (0.0410)

Note: w, denotes the stock market; y, denotes the life or nonlife insurance premiums; 2, denotes the banking

credit, Superscripts *, ** and ** denote the statistical significance at the 10%, 5% and 1% levels, P-values
are in parentheses,
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(KVA IS M7 M=

I. M&

a8 AIOlA 5 dliquidity) I B o]fr, XA oE0] HE SRR
Tk ofUet {54 TS REGStal Utk Fisher(1959) 9] AFef A7+
nd Mendelson(1986)2] A1 o] 2 2|

100 W Ao] sHAJo| A T4l whop Hofolt}, 183l 2007 A|2HE =89
715 &l AHEAIEO 750l dgsHA 2HEst] QA= fsd Bl welvt
sttt S QA Heof vhd 2375919 3] (Basel Committee on Banking
Supervision)= 2008\ 0 23] {54 Al AAE Kok F3}et 72U S TR
a1l (A7, 2015), ZA| 3] 4] 7|22 ¥ 3] (IASB; International Accounting Standards

Board)= HEALS0] B EA o] TA7A]E 24T uf §-5AS HHst= ghelg

AANA &54 S A3 Amihud an

S AFRFIEE B IFRSMA(EE AP 20HA] 44 Z/RZQMS ¥ 5l THIASB,
2013)2, o|H ¥ F542> F8AIAE S g A =1, A3 T, A4

L= [¢) o
HA B 2 faAdS HE o e W vhlo] Al ARkl
EA 4] A& 954 (market liquidity)©] =ThHe A&

Qlo] Bot A 7ba oA thre] A ol whe A vl §o.2 W2 A7t

ol AFIRE 5 A-S Ishs FUAST FHS] olele Aol £5

1)

o
AT

o2
o
ﬁ‘ rlo
s
gl

¢

tojup RA7F Al 54 22z tieh F7HA A ¥aEA
th 2Eu 2 dAtelAe dld §o]E CEIOPS(2010b)o| Al ARE-3}
u] & (liquidity premium)’ 2.2 A3s}7|2 gt}

ZRAE Z3Y A] IFRS 4 2HA|Z SEE 22 2HAACF 3A)7]=
17 BPAFor 3 ootk

/ﬁj—g 239 AA|E 7}A|(consensus value)o]| ZARSE 71Ao 2 Al&sA A 5
L8 Yehls AA S-EA(market liquidity), 23Jo|u} 7]o] o &Ale]
Aol o] A F(obligations) S WA Y3 & 7Fsdt AL Z(at acceptable terms)
ALS A8 £ 9t FF YA 8L 9u|ste AY 8-E5A(funding liquidity) 18] 31
7HA - 71o] B8-St Q= 6411—]- 28)9] FH|FH(monetary base, EYESH E= Tk
3 e, M2, V9] S ol FS Eeshs 919 EsKmonctary aggregited S LR
= %53} 854 (monetary hqu1d1ty)2§ TEE 4= Qlth(Foucault et al,, 2013),
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1]

ol

e

llonl 133

1

o
?_|§

Aof| tjat LS =g ZAAAS tlAre 2 A E 90 v (Amihud et al., 2006)

YA AT T E S A] A= Amato and Remolona(2003)7} A8 AZ g &

Z(credit spread puzzle)d) o]z}l HE HAAS Asl7] 95 o|FolF o, {5
N

g Zeu|ghe /bR WSt A9 AG ATdE HEY 4 PR AP

o

4= Utk A AEo] AA|E I It Driessen, 2005; Longstaff et al,, 2005; Chen

et al., 2007; De Jong and Driessen, 2012 ).

S-2lurere] 79 2021 of] 1FRS4 24| Z=}o] o FE Aol A HARYE A
7hHA B 7R o & A gkt whel M o]t EAYsh S Qe &
Ad&o|tH A4 5, 2013)9, whaba] 2 A= AA, IFRS4 25 A H A 35 71
< A5tz AL adlolat & 4= gl Al WRIste] o|2X o7 B
3kl AR A 0 2 A8 7Hsd Azl tigh AldS HH o7 gt 3], By
A F7HE f1gh ElE A2 WRAske] Skt A EAGE BEA FEO A
AEAo] ddsf olom AlgFHol W A -5 Aol 243 HA
&o7] diZoll, 28 FEolH 485 wol W& A O A= SR vl=
ot § AHUAE o R A H= W2 shed] Aol AHgshe 57t
AEY ol pEF AR S 7O R Sh= Al v A]GER(market microstructure) S
o] 9% 4 2] % E(Amihud, 2002; Pastor and Stambaugh, 2003; Roll, 1984 £)& 3=t
ANHA H-857]0lli= A 7E Sl whaba] AEAAS] 71 Ao 2= FEA
A A58E T A e R Kol AREZA L} A o] &4& 7t 2o
JNAREZA AxYEF §-54 A2 AAste] EASHATE Schwarz(2015)=
BEEZA O] And ez AL} FF oAl E = A f-54d0] orsk 9

Fof sl EXAE0] 8ok BANS EEA] O 2 =X (comprehensive measure)

4) A& Az E HE2 2 Add AF A FAE Aoldl 4§ AZFE]
A = Lg(implied default rate)o] HAFZ K& -8-(historical default rate)ol] H]3}| =4 e}
s A4 g

IFRS4 2&A| 9] HHEA H7HE 93 E&2 BgFRA EAWRY], 58 9 §54)
S ubgsl HPRALt I Yl 84aF A|Llste] ZAsto{oF sHH3ASB, 2013), 2l
ol 54 ZEudE Frkets olf= At BA 119 B3 BUXE AAT &
Z O] TH(CEIOPS, 2010b, p. 8). IFRS4 E ol w2 I HFALY] g2 784l 5(2015)
Zharstr) v

5

=

il

o



BEISHT X7 K4S

Bkt 51910 1, Schuster and Uhrig-Homburg (2015)0]] th2H AR HZ3) Ay =

= vpke] Az d(severeness of frictions)¥qE ofy et 93] Zeju| 3t A1ge] 7|t &

EZ3}51aL QlTh Monfort(2014), Schwarz(2015), Schuster and Uhrig-Homburg(2015) S5-2
A AU EE Baolo] §7 A ARl FEAS AT o A, 7
W 2 EAA 3,

== 3 SRR

o) 4olg Amde A3 pasle] YRR SH Andeg o8t

= Aol & A9 o7t ok A4, AR B7HE fIsiAl 100
| T719] oAb 7IXh2rE B ash] tmell(te Y - ¥ =, 2014) oAk 7]
7tz A a0 g7 oo 4] wWo| AFRSL 9l A 7FA] =& ¢l Nelson and
Siegel(1987) X &, Svensson(1995) 2.& Smith and Wilson (2001) &S vl BA]5}
Aok 2 At W] 2o BE ARE WREDL QF RO R RSt A A
O 2 A &go] £t BYPS Attt Ho| Y - v = (201402 APEAE
zret) ae]a RYRAQ} GAFSE EA Q] 7|& SEEZ 2] Q (reference portfolio) S
AHgste] 2 91 ol AHR0] VRS 2 TA sh B o B 4

4

A 799 048 VINTEE FASHE WS AN

o

=
T0. A4 S0l Fo] HFFA ] G T Tl AEP AEoILt sAbE 1Y

4 Bfsto] B RA 7S 9t Eles 4hEshe Aol 48 7

ES
2 Ao =2 Aibs AR, SUERY] ARAE 545 AEsto] & ¢t
A A AR f-5d AE F715He] 233 Fama and French %% (extended
Fama-French model) 0] $-2jug} SAMA =0l & A2 E(yield spread) & A H 5=
o] A3 21ttt S4), Fama and French(1993)9] 20 Q1¥at ol gl 954
22l A v AR =oE 2z = AR u BEste] on] Sl gaa
2R0%E FAseh A, Sl A =2l E Lz =0t wel Thof HlAFA
o] TAES sttt YA, et AR EFAH S oA g5 WEE Y o2

oz rEste] Yol sl AT BB o-§sto] @ EiS oS3k Hat A

=

9@ ZH(root mean square error, RMSE)E H|1L§F 23} Nelson and Siegel(1987) &

6) 7|& EZT| 9 24" FY oA HiT Joe Fas|R Tk



IFRS4 2CHAS0IMC] 7RS4 Z2|njPS RIFE Sols Fo| 2ot S Bk

&, Svensson(1995) 2 &, Smith and Wilson(2001) 23 = Smith and Wilson(2001) &
o] 7}AF Holert 2o AL oIttt wlx|eko 2 Amihud and Mendelson
(1991) 2} Ericsson and Renault(2006) 2] A1}o} 5 U31A| 2t S|A| 9] -84 Za|u]
Qe |7 Sl grashs WS Mol AL A

v v

ol 3o AL theat 2k A

4 Az %24 wyo
2 AYe B AU vhoR A VAN B AT 70 AnE

T4 ZEuYd 24 e A Al uA]FER FHZH(market microstructure

approach), 272 & L (structural model approach), F-2}2] L (no arbitrage
approach) & & L E 3] & 4= QT

AJAF B Al A Z(market microstructure)®) of| A= # B.2] H] | A (asymmetric information)

7) CEIOPS(2010b)= 574 ZE|u|d& A4let=s HHOE CDS UAEHE Ho|AA B
(CDS negative-basis method), AHE EE HWH(covered bond method), T+Z%2 & WH
(structural model method), HJE]H4E AFE-Sl= W (proxy method)& dAIZ &3 QL
ou, olo] tgt A LHY - 92014 Farshy] vl

8) A& m| AL Z(market microstructure)= A% 2o w2 714 A (price formation), 7}



BEN =azger merd Mas

of| w2 A} 2|2 =(information risk) 2F A|7F H3} 9 71 7H] -5/ Zpol7t 7| +F
g 7} (longterm equilibrium prices)dl] FFS Fh= AE Heltt &, 5443
(Ev) AE 2ades FARSY A7 ZEZZ 2 A
A mARERe] AS AFtolA F8 olfre AT fEA Al3Edliquidity
measure) S HE o= Ao, 54 AEe}t THE PEAHQ] A= Roll(1984),
Amihud(2002), Pastor and Stambaugh(2003), Bekert et al.(2007) S-°| 1t} ZH 2]
fred ey Ao A vl HES ARERE tia2]}l # 9] A=
Lin et al.(2011), De Jong and Driessen(2012), Dick-Nielsen et al,(2012) 5-©] ¢Jt}. Lin
et al.(2011)& u|= ALY & §5A glAT(Amihud X 3EL} Pastor and
Stambaugh A|%E ARE) 7He] TAIE BA5HL 54 SlAar) ST A S|A}
A =olE AR BHste] $ 3 ou|(priced risk factor) S 2ko ™, Al-8-5H0]
B3l A Al HH IF FoE Aol F 54 T ZEu|Yo]
19%(Amihud A3 2] )2} 16%(Pastor and Stambaugh A 3%2] -3 2}t
2 R4t} De Jong and Driessen(2012)-2 Amihud X & o|-8-5}of 413t 2o
O] fgAd o] BIAA QB ol JFE S, AV S|A 7)) =
olgolA BATHY FEA Zav|dS 0.60, F715 w9 FEA ZevdS
1.5%U -2 X 118} T} Dick-Nielsen et al, (2012)-2 Amihud A| &, Roll A| & % 87[19]
T34 d-&A1] 9 tis] =448 A (principal component analysis) & 2 A28 45
£ AFEsiRleon, 54 ZEju|lo] AR 2z =0 Fastt IS

2wk op e} Ax meke) F8917] Aol QbR A H A ight-to-quality) ]

L (structural model approach)-2 AJAlo| A TR = AL

B4 Merton(1974) 1§ 5-& ol g3kl 73 AT 018 Hstol 35

5
1L

ox
[H

WA (price discovery), 54, A u]E, ;qigl' 7t A, A iAol e
qsly] 98t o] 22 7]a}g AAIBFLA}F Sh= At Hofo|t) G54 Zeju|Y
st AA U AFTRE 7 U]—Z\—;]‘(tmdmg fricions)& Zti= Al&OlA f-574
ool AT 4= gl @How offoll thall ofn) Sli= TEHE ATk
bl o] 2ol Agee dEARl S84 Aol e ABe FAACD),
9] 291(2014)& a8}ty wpgtch

> |l ot
~{

=2 O>’1 E ox ﬂJlO

do

9 A

n\l



IFRS4 2EPifstoIAe] RE4 majnjpS st Bolg Ao et o K

2ln] & =48t Wy olth Webber(2007)= Leland and Toft(1996)¢]] 7] %3+
2HYZ Akt =4 F59171 Al A8 f-5748 Zejngo] mFE F243]
S7FehS Bl

o
.0
19
)
ry
ik

(no arbitrage approach)-& A1-8-2] Zl(quality of credit), Tt7], A<,

H o] FUR S ol WAshE o E AolE oA Zevder

)
=
?
g
2
o B
N,
53]
e
o
D
=
('D
2
2
r'\l
[>
K
ks’
Ty
it
)

A Tk AZHEF o] g3k= W 5ol vk A, T-Note} T-Bill g

[>

Ty=
£ 0] 83 dAFto]E= Amihud and Mendelson(1991), Kamara(1994) o] <QQt}h
Amihud and Mendelson(1991) FLZo] oF ¥ Y2 T Z& W79 T-Note2}
T-Bill9] 4~0]&2 H|W3}o] T-Note?] T 7} AXZHE FHHo] T-Billof] H||| F 4]

=™, T-Note2] YTM(yield to matunty)ol T-Billo] H]3f] 43bp =TH= A2 A A5

o}, Kamara(1994)+= &Y Z= 11719 T-Note®} T-Billo] 4205 z}o]& A5 2
I} F AP 7 Wt 508 2o 7) 34bp WAL 98-S Hilstgon, T A

=

W 7o ol E Apol7t 54 Pl whet Frkskal Ak whet Msk= A
5 Al &, g o] Aol Hateh yeo] lvkar sjAstyich. &4,
HIX FE5 A 8 P AZYEE o] 83 dAoll= Warga(1992), Pasquariello and
Vega(2009) 5ol Atk Warga(1992)= wl= =4 9] BIXEEY} A #E &

Z}o]7} oF s5bp HHAISICHIL AA|E} 0™, Pasquariello and Vega(2000)= 2| EE-9
354 &4 (on-the-run liquidity phenomenon)©| E3HAA A B 7 2| R}F=(informed
traders) Zk] A% 2to|(dispersion of beliefs) 7} S5, AA] FAIAE &3l =
(noise)©] S5 FobrlZ Harstgict AR, CDS WA E B H[o] A AE ]85}
= S A o E Az oA Y hE ] 9] FY =7 7] Y (reference

entity) @] CDS(credit default swap) ~ZH =5 2X}7F51o] AAFSITHO) | Longstaff et

10) CDS YAEE H|OJAAF o] &ot= W H&al7|o] s=doirt= o] AT A
7, s AxYE= AF FHGisk neural)ste] R= SES whYgst glow =4,
CDS A =0l ®BAF u =X (protection seller)2] A AR 98 (counterparty risk)



BEN =szses mera dus

al.(2005)2 CDse} A H &S o] 83t A8 8 <2l(default component)©] A H
O] 42015 AXH = 9] 51~8306(AAA~BB-) T ARSIl H] A8 @ Ql(non-default
component)> 4l-8-5HH 2 20~100bps(LE ¥H7| 5 7|%) FEHS HAoH,
H| AL Q9] 3] A3FH (mean reverting) 7} AL #| E (bid-offer spread) %
o oy A E o] Qlea AABHAT YA, AME 2= ALY ES o

ot U2 ZIHE 25 FEoA FHd oA A= 24 5EE A

Fotol ANSH Woltt e wEE AW MR WEHeE(umbo

Pfandbrief) & ©]-&35}o] EA45F L2 A Breger and Stovel(2004)-2 854 ZZ]u]
Ao] 15bpYPS A AIBFH L1, Koziol and Sauerbier(2007)-2 Al ZEju| ol A]

Zhol whet Wsk= A skt oA, ARESA AxY =S 283 i
Z]9] 7Loli= Longstaff(2004), Monfort(2014), Schwarz(2015), Schuster and Uhrig-Homburg(2015)
50| It} Longstaff(2004) = T-Bond<} Refeorp(Resolution Funding Corporation)j}4] g &
A ZRE U] 7] petE AlolE 770 A ol sl 3] A sk, = Al
o] 574 Zeju|ol A A Wste] wh-3-9hflight-to-liquidity)2 A Al 8F T
Schwarz(2015)= A AT 3 AlS ez = A8 A #1574

] g et ME7IE T A A
SAYAEe] 2z = S & ARhe Hylow, A fEder sl A
Al 2 == 77bp, = A JF A28 =i 49bp S S A AISFT Schuster

and Uhrig-Homburg(2015)+= 1}

ol

o

X]_,_E'_ ;(4_9_0]_0:1 OE/\'] ]_{f}_?_ %E—E%iﬁ Ea

1o

o]
K
H1
2
R
rlot
HJ

& (two-regime Markov switching AR
model & o 45to] 54 man|ede] TS AEeIAH, JREEA &

o] F= AAIA HA] | a7t Az e}
AoEH F54d Zu Y 23 2 Ql(priced risk factor) Y42 AZ3FA
o} Monfort(2014)= = HHE ool o]x& 7|7t Y (regime-switching
affine term-structure model)2 H @A H3}o] AU AZH =9 LA Q421 A&7 &

A9 F5 YHjoint dynamics)< 43 A3}, 9] FAA| Ao HAER

o mgElo] i A, cbs AANE f54 2l2azt YAlEo] Adrhs SudA A
9](bias)7} EA3FcH(Duffie and Liu, 2001).



A AT St SN A S 9SS A

b

o
AA
= JEAFEY] 5 ZEnY A weld dyEe AT 259
(2012), A& 5(2014), =72 - ¥4 =1(2014), Fa7F £(2015) F-°] AThy, A4
& 253(2012)2 20001 195 20109 5L7HA] 7|17Ee] A AAH ARE
H

ol gsto] AeF AL, WAFY W AU V152 5 AXE ol g3l §
4

e
o
[¢)

FAE 2RO, Al A fEA AL mEol sl Az 2HA - WEA &
B4 Zelujele] 247 BAMOR IEA e uustdch AAE 9

(o1 23 S ARE ko2 slAble vl Eel F8917] 71kt ol
W ol Fol An W A ST, FEA7] 7IZkel A Sl AT B A=
ReIR W L FoH, T ol T {54 Blo] FHUSE

AATBFRATE = - H (20142 FAFS] H W ol Al CDS W7 B E H| o] A]
_]

FA 7] U(reference entity) ] 3 W7] A =& AxHy=

o} cps AmA =] Aolel Wo| A BE ¥ TRkl FUsHA Hgstel

11) —?‘E]"]'a'-’] A Adle BEAE B3 ZQ At 8 olF
Ao A 88ttt 5H f54d AEE ARESH] & OE" =
SAZE JoH(AAE - 259, 2012), A= R0 oH Y X‘@@L 54 Wl
gk EAJo] A9l YUATHHAR €, 2014).

12) 3} AR GK-CDX) = ALGAP T2 dShEA] A2 g 23t aps
2 FAE ZEEZFQo|r} KCDxE 20134 3% 20URE FHEARD] FHo|x|o| FA]
F3 9t K-cpxef thgt ARAISE A8 | o] X (hitp://deriv, kofia, or, kr/index/index, html)



2. OIxkg 7= =3

oA 7Rt RS oty B, A A Y 2Eal FAH
T 7 Hgo] ojAbe ZRA L os) AUt e 2

3 AR A 2 Aol A ASE = A o s oA Z2A|AE Y
Qe 70l dAA 7 ZRAAR AHostal AH ZRAAE F8) ol
TFEY] 7HE AT BP0t A - &A41F, 2007). olet D] SAH
R oA ZRA|L dis) S4 BYe M= Alo] oyt drtehd
o= FElofl sl oA 7|l AAAF= WRol. +F HEF I} 2pe) A
A P2 AAE oA ZRALE T3 A Ee olxE v 7H4E
= A8 ARSEoll Hlsl FAIA g2 o]Ake 71

EN

e B0 57

=

=
SA - 2T 2011),

Al(interpolation)©]] =2 AR2-Eof H]3|| Nelson and Siegel(1987), Svensson(1995),
Smith and Wilson(2001) &3} ZHo] o= Fe = A sh= EF o A= Watat ¢
Aextrapolation)o] 57 7Hs347] W mo] 7|71 2§l o §ela maolet o
9l

bl

=

:ll

rr

anbsly s e o]RHE 4 ¥ 2l Nelson and Siegel(1987),
Svensson(1995), Smith and Wilson(2001) 23 &3] F¢d o|x}-&3} =4 iZg]
S 717200 t-g-shs S ARSI E B B A A EFol
obd BAH R ST olfE B AT} ol4E B AEE ARl of

Uk Aol A A5 5= oA 7|32 o] B o, 2HE I & AR



5 23] ua] o] 24 AL YA BE ol xgol 3t o] Ao &
ofteh At o)At T1bol] Tiet oS FHsShehs A melsy] el

7}. Nelson and Siegel %%

Nelson and Siegel(1987)2 A o] AH&(f,(7))= A1)} o] Tt7|(z )ofl tisl 4+
&3t Laguerre 9hp2] Agt o= A O5Ial A& o] Ay, (1) 7] A H (0) ol A
W70 )l U A ES B A @R AESech,

ff(T) =p3,+ B?feXp(_ )\fT) + /BRf/\teXp(_ )‘ﬂ—) D
B 1—exp(—\7) 1—exp(— A7)
y,(1)= By, +52f,( AT ﬁ.‘it( AT - exp(— A7) 2

Nelson and Siegel(1987) &2 8,,, By, By, A Ul {8 B4E T3 d& oA
S AY3itt g,= w9 RaetA 94 22 98] gl A7) 2.2l
(leveD& 2T} fyi= 1—exp(—A7)/A 7ol T IO 104 AJZ}sto] w7
(r )7} S7Fedoll weh 022 stz Tr] gQle R st ojxls 7|3t
29 7]1& 7] (slope) ol th-S-HTt. By, = (1—exp(— A7)/ A7) — exp(— A7) ol THEE 821
OS2 W7|(r ) STk whet FTIse T gashs FER ojxbe 7R 7]e
715 W3] 7] = I (curvature) 2 S| A4St A, = T 7t V1) e 4§
F7F fAaste S AYshe EeEA A 7F 21 1717 2 Aol ATt
oW w7 7F g Aol ATt &

=L A7HA

U, Svensson 23

Svensson(1995)-2 Nelson and Siegel(1987) E & ol F= HA| =& F715t Je =
AT By AASHATE A 32 (e} Zol o]z} 7|7tz tiEl] A7) &

13) Nelson and Siegel(1987) & 2] A 7]+ Diebold and Li(2006)9] Wy AM&-35t4ct.



HET0T K27 A4S

1T} 7|7F7%9] 7|18 78 HHEsl= HEL Nelson and Siegel(1987) 7} S5},
e oAb 7|39 7)€ 7|5 WA 7= ol tial 22f ks 71t
Fe= At FAaloF & 249 e ST, FZ(hump) FE| 9

Wisi7} Z7Eo] 7] o) Agol et ARtES A 4 Qleks do] Bl

[(1)= By +ﬂ]texp(f )\iu)Jrgzt/\th _

T T
2, +53tTZt€IP(* th) (3)

1— __T 1— __T
P At P At T 4
yt(T): Bor + By T/)\h + By —exXp|— )\_h) 4)

( 1—exp|— T
2t

+ By ———

By 7/ At

T}, Smith and Wilson 23§

Smith and Wilson(2001)2 2] 7| AEO|A-E-(UFR ; ultimate forward rate)
I 7] AreolAba(UFR )| tigt 3| AT ()0l o3l o A& 7|72 E A
at= myS AAIEFYC) Smith and Wilson(2001) 2 o] 0J3 # & o] &2 4]
) 2 4] )] ofsf AFEHT.

N
At)=e” "+ 336 Mbu,). ¢ > 0 ©)
I/V(t,ui): 67 UFH(t-Fuj){a min(t,ui)* 0'56frymax(t,uj)(eamin(t,uj) e*mnin(tuj)) } ’ (6)
A7IA v AIA TS E= A oA 1], v= 3 tiAdel H= T,
G BE ol FA A BEA G RAASE ek
A BEA &} FAAE dAATI= AT (= A )0 gt AF HekS
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P=(Puy). Plus)e Pluy)”

W= ( W(ui’ uj)),j =1,2,Nj=1.2-+N

Smith and Wilson(2001) % &-2 Nelson and Siegel(1987) ¥ Svensson(1995) % 1}
T 7HA] Ao & Aldth A WA= Aolxbg 7 o' Tk of| whE gh FE
7 obulet A7) Mol AR(UFRr)S 44w g Holth, FAAR)E Fo
] A= ZAE 4 ) S 4 Nelson and Siegel(1987) X Svensson(1995) X8 A
712908 374 Bao] W2 wdsA) ok AL A7) Aol kgl 2Akkt
= AAE WP Aot} F WA= F2 U dSolxs FE A AR g
ol #o|tt Nelson and Siegel(1987)3} Svensson(1995) H&-& | AX|<H 1} -2
TR Fol FA Tk vl AFEE vt B 4 X (unbiased estimator) 27&
F53te]ete eab= WAYSHA Hrt, 2|y Smith and Wilson(2001)-2 41(5)2F 4] (8)
ol A} o] WG AE Bl o] o] wol] 24 Aol o HEe uhy

SHA| b=t} 7FE Q] of|=9] - Nelson and Siegel(1987) Z Svensson(1995) X3

I

ES HE B0 83t @Al H-L31AYE Smith and Wilson(2001)-2- 3E
o oZol 483 BS BUSHA AHEsto] S AL ALg

14) Smith and Wilson(1991)2 W(t.,u;) & kemel =R 7 2J3}5t.
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2 2003 195 E AT 0] G- 1998~2002 of| FFF2FA U FFAI%
e Y3 AR 24 HHORE HY A FEF 7| FAHL] Lo A 9
2l 2003 149 1Y g2 -FA] dBA G| AX et delg S =
7V7F A BEsh71 = 7] wiiZovh digvlsr HRIF BEg A Fo)st g5
B2k sth 201549 T 7|F0Z 26 4% YA RAPATT|ZAHE 14.7%
A, A E 11,62 9, =22 0,042 ) o|Thy),

AHEESA = ML 7124 419 5 1871 A8ton, o 1A
AR FAEL A E FbAet A el A el o] i AkS-Ee] et
Tho), wheba] & A-tofA = R RS 4189 A(quality of credito] =<}
dopal B A7) AREZA} S o] A& oAb Apo(o]st K E S
Axg =gkl ehE 854 X #(liquidity measure) 2 ARSI THS), (Table 1)
oAl JREZA oA TY 1hE W) A o)A thy] P Ao R ZF
< W7TER 0.13~0.23% 52 A& & = Atk Z12]aL (Figure 1) o A A F-E S
sz e S22 FEY7I7F Lol 2007 6Y o] F A A5HA A S AEE

15) 7]18A 4572016, 1), 97t AHSF

16) 2P AAEATA PN Z] 237 SHASEADFFFAIA A Aex]sE Harstal L

17) & oA “BHRAF 7 ZTAFAMNEEEEY, 2016, 04, 1979 ulzt FHF o]
&9 Wﬂﬂi E.L‘LXH O|AES ARSI IR, EIOPA(2016)= DLT E7HDLT
assessment) S 5}o] Y o|Ag R ARET AES AASHY, AGAA| FES] &5
o] EA5HA] FAY WETWSHR] g Hf-olls A oA o] 83t E Hilst

18) AFIFEAl, 2719584 IAl vlE] 39 FoE dol 11 HdEjaF Ao st
PRI BT = Qo= °1H AREZACL FAEIANE v 7122 87
xlUr s AR o] diAtEd o8 SollA Zo|rt o FEv|E AA A

A3t 5 Z2 ot iXHZf_PE} B2 717 5 AEESA O8] AGFEA ol
g& FHHoZ 0.06% Fom, F§97] wel 2008 109 Holl= oF 1.29% =hTh3
| W], dE o 7).
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(Table 1) Descriptive statistics

This table shows the descriptive statistics for each tenor government bond and
government-guaranteed bond vyields. The sample period is from January 2003 to December
2015.

(unit: %)

Maturity Mean Std. Dev. Min Median Max

Government 1 3.54 1.06 1.51 3,42 5.66
bond yield 3 3.84 1.06 1.58 3.85 5.86
5 4.07 1.07 1.72 4.34 5.97

7 4,27 1.07 191 4.63 5.98

10 4.38 1.04 2.10 4,74 5.98

Government 1 3.67 1,10 1.58 3.60 6.18
-guaranteed 3 4.06 1.13 1.64 4,21 6.39
bond yield 5 4.29 1.12 1.86 4.55 6.44
7 4.42 1.12 1.96 4.74 6.46

10 4.54 1.10 2,17 4,93 6.51

Government 1 0.13 0.14 0.01 0.07 0.71
-guaranteed 3 0.23 0.22 -0.03 0.14 1.44
bond spread 5 0.21 0.20 -0.01 0.15 1.31
7 0.15 0.12 -0.04 0.12 0.63

10 0.16 0.14 -0.03 0.11 0.75

Ao ARESE A7 7Y 7| el EY), d&E O] A E(zero-coupon bond yield),
SIARY A4 R SRAABAHE N A AT Wekom, SAY At g

AN A stol BAISH W7 Be FRAANS0E AL, £

-

19) “A7HE7} 71% solg ol FEEARL AT AW, 7Y olg 2U, F=A o2
o] FRY - ASETY % o

2w ER QAP AE xﬂ%ﬂ% AAF Za o)
E(yield to matulity)% W EE-FAEIALS] Y W Gl et 44 Al7-22).

20) AR HE S ui BP FEHAAA T = AR SAUS EH st STEAHEAS
24 AS5HF BBB- ool 93} mA| AL viaAom FASI ATEN T
HhAl o 2 AT F49) Z](total return index)©]w, 2001 1Y 2¥4-S 100pt= )0
FAlSkL glek w7] 3704 olsf, FRN, 4] WA A, 9 AW, AHLAH, BBB-
gk R, =278 A% AE, v Ad 109 vnk AES ALjE S wE A
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A= AE 755 JEA 2 backward looking®l A& <=¢] E(realized
returns) THAl forward looking®l S (AAA - AA - A) THZ[RH(-2-3-4-53) 15
Ne] AI7FE7F 715 &NV, vield to maturity)2 ARE-5F THLongstaff, 2005;

Houweling et al,, 2005; Chen et al,, 2007; A& - 253, 2012),

{Figure 1) Yield spread of government—guaranteed bond

This figure depicts the yield spread measured as the difference in yields between
government-guaranteed bond and government bond. The sample period is from January 2003
to December 2015,
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B AL 854 zeju|¢] 24 B3 O & Fama and French(1993) 2891 2 3&
AFslo] A-831 At} Fama and French(1993)+= #7| =4 = &3} ©@7] =14 4=
ol & 7t zpo}l 717t Az E(TERM)SY 7] A =&} A =9l & 7t
& 2ZY =(DEF)7} B olE A =9 OF 90% o] dTERt

o= AL ATE A AT Gebhardt et al, (2005)-2 Fama and French(1993) 2] 2

Soad, AE 7] gt mep ohefRt A4 gl B A7) AbEEh
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5193 21, Houweling

il
N
ofo

flof 2k w719} Al8-5Folehs AU B4 Ha
et al (2005)-2 2] Fama and French 28 Q1 Gebhardt et al (2005)2] T3 0|83}
o] JJHUAIAL] §5AS BAIEE Lin et al.(2011)-2 Fama and French(1993) 9] 5
A4 Zeju|¢l, 5 Zeju|d, FRIA7E Zeju] e, 7|13 Az e, Al
& 2z B)o §574 821& F7lste] BATH A3t f-54 Yol A A2
gl=o] 7H4 AR aclolm 7] A7)l PR A E @ F(flight-to-quality) 0]
EAFE H 3Tk Acharya et al.(2013)-2 R85/ SZ o] At 7HE ¢ vl x|= %
S USRS AFESto] EAsHglon, 5748 349 4 A7) A7
7 ]

FolA Vet 275 (conditiona) & BT AL - 25H(2012)
i, A

Gebhardt(2001)7} A|Fst 4% Fama and French 23S A-835t0] 31t 3] AL
A 54 EA RSt 54 ZEv|dS 7P & AWsks K5 AT
Fol7ke A5t
UdrA o 7 FU V7| o] Aot =) 7HO] o] &b Afoofli= Al-g- Zeju| ¢l

ub ol gl 854 Zaju|¢o] 323}t F o] ¢lth(Driessen, 2005; Longstaff et al,, 2005;
Chen et al,, 2007; De Jong and Driessen, 2012 ). ©]&]gt I | 4] 4] (9)2] Fama

and French(1993) 2891 g O] DEF= 418 QQl¥ut ol f-54 QaQlo] 23

__4

F A8 Q92l(gross credit factor) &2 AT 4= Qo DEFE (54 Q9
(ILLIQ)3} §FA Q9912 X735t &= A8 Q Ql(net credit factor; CREDIT)O. & &
afek = ok, 54 2Q0s AAS &= A8 8919 483} WRISto] Longstaff
et al(2005) € 418 91310] 015 A9} FAskAg SEHONA Fol 7} G vl

RESAR Refcorp®] =2} E0] 799 o|AERAM Hot Foket A 5

32

(]

thal AF3kar Uk Acharya and Pedersen(2005)-2 EXIAEQ] Al o] &= 4=9]
(net return) O] 2h= IO A, =419 F ol Eo A -84 Bl&= AHet &=

N L EEEMEEE.
Ho) 248 A 2

2
A~
T

o
1o

E(net return)ZF

sejulgiat f54 B Tejugo s Bafshe £
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21) DEF = 7] S olAHE - A7) EAH ol Ag = (B7] FAA olAg - 7] B
BEA oA + (7] AREEA olAE - A7) FYUW oA - CREDIT +
ILLIQ
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2 (liquidity- adjusted CAPM)2 A A5} T}

Yii ™ Y= it Bigern TERM, + B, 4o DEF, ¢, ©)

i,term

oJ7|1A v, = SARY i 9] ¢ ¥ T o] R & (yield to maturity; YIM), ¥;, = ©7](1) =
A OIARE(YIMS ZHZF Yebdlitt 7ERM -2 A7 AEA|eL] FHo| o] m gt
7] =y oAe 1 @] AL oAk 7ke] Zfololw|, DEF= 77| AHA|=E] o]
AR(YIM) I} 7] =733 ofRfer 7ke| Zpol S Yreplt). 7| A g= eh=rAtikg
7Fe] vl BP SRR Foll A w717} 4.5~5d Q1 AlE A5 ARE-SGIT.

(Table 2) = 8 AWWHFE9] 7|& SAZL JBASE Uepdt}, 22 7]
24220039 17E 20159 1297kR] 0|t} s AollA DEF 2] E5H0.68%)>
CREDIT 9] <H0.519%) 3} ILLIQ 2] B+H0.17%)2] Tt - ERleh 4= it
8] 9d BoA] & A8 Q2191 DEFE Ha|ste] &3t CREDITI}; ILLIQ 7}
O A7 058 52 A& & W, CREDIT} ILLIQ+= 47 7 A =27
051 %

B F A0 oA 4 Qlrk, whebd AAUAA) TEA FEA 890
=]

A 7] oF= & A8 9 ?Ql(orthogonal net credit factor; CRD)-2 4] (11)& A&
Sto] 223908, o] WS 483 A iLohonhogonal) WS AT &
Th= A4 o] ¢)th(Cieslak and Povala, 2015).

Y =Y., =a+8 TERM, + 8

 rdCRD, + 5, i JLLIQ, +e¢, (10)

i term 1,illiq

CRD, = DEF,—a—3 « ILLIQ, (11)

AZ|A TERM-E 4] (9)8] 7|17k A3 e E(term spread) 2t 5 Yo, ILLIQ=

A AEEA 7] ABA L] FH ol Ao wiA s A7] FREZA o %

7] =LAy o|AHg 7o 2po|, CRD= -5/ 8Qlo] F3FE WA == 418 8
Z

@] (orthogonal net credit factor) &2 A 4] (11)S o835} 43+ gk Z+-2F YehdiT)

>
to
o
O~

22) 459 oA Al(multicollinearity) & FAFEAF Q A(VIF; variance inflation factor) 2
HAESH At wh2W CREDIT O] VIFZ} 6.052% 2 Weh 13 2des wdg
7Vs/de] E=A vEb T
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(Table 2) Summary statistics of explanatory variables

This table shows the descriptive statistics and correlations between the explanatory variables,
TERM is a term spread of government bonds, /ZLIQ is a liquidity spread measured as the
difference in yields between long-term government-guaranteed bonds and government bonds,
CRD is an orthogonal net credit level, CREDIT is a non-orthogonal credit level defined as net
credit factor, (DEF - ILLIQ) and DEF is a credit spread measured as the difference in yields
between long-term corporate bonds and long-term government bonds. The sample period is
from January 2003 to December 2015, *, **, and ** denote significance at the 10%, 5%, and 1%

levels, respectively.

Panel A @ Descriptive statistics (unit: %)
TERM ILLIQ CRD CREDIT DEF
Mean 0.47 0.17 0.00 0.51 0.68
Median 0.32 0.12 -0.05 0.47 0.61
Max 2,20 0.94 1.05 2.08 2,84
Min -0.08 -0.03 -0.40 0.18 0.24
Std. Dev, 0.48 0.16 0.24 0.29 0.39

Panel B : Correlations

TERM 1.000
ILLIQ 0.443"* 1.000
CRD -0,102 0.000™** 1.000
CREDIT 0.159** 0.550™* 0.835** 1.000
DEF 0.291% 0.796** 0.605%* 0,943 1.000

U $54 Zelulge B o)A N|PRe 27

T TAZ Y= AT
A= oA 71X A4S AT 2y A4 T@AIEA Nelson and
Siegel(1987), Svensson(1995), Smith and Wilson(2001) 282 AR5l &0 off st
FALAE WStk oFol AR AtollA At mRel o] Smith and

Wilson(2001) &3} =&2] Nelson and Siegel(1987) X Svensson(1995) B8 =

FAA ol GE FH AL IYT 5 97 W] FUA ABELS HET F7
©AE wjmate] o|4e VTR 4 RFS At B AP F

=4 7€ g2l sjgshe d= oAkl His E& 7t 54 ZEvde
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tisto] B3t W77k 9] dE oA &stth & oAkl HEt ASS
AEER 3T S 3 WA DA At 72k Ry gt & W

715 S7HA1#A @4k extrapolation) S} TH3).,

1. #349 =20/

7F AAE 24

(Table 3)2- 2003 1€+ E 20153 12¥€7HA] 7|7k2] SH4 - gl7|d $018 A
F=(yield spread) @] A A|Y B4 AHS Uepdc), S0)E Axd sl oY T S

2 W12 A7 17 71 Sl Biyidd to a4 T2 1 0| AHE-& A7
o] 545ich. T A2] Fama-French R3] T 74 AR} T B U5
2918 183t A Fama-French 28 2] A| 71| AiRids RIE 104 5-0lrZ0f| 4]
EAK 0% SolhS o 4 othana 19 O] TERY £910] A% o)), 2
%] Fama-French 38291 ®3(80.8~98.4%)2 283t 790 Fama-French 2891 2§
(79.7~97.80) ] BIsl 578 AAAT7E LA 1~2%p F7F5kaL, 2 Aert B4
o= oF1 pip NS 2 30l 8 4= glck. olelat ATke SejUeke] AR 4o)
J

Ea d9ske d Bleed 8ol F8% Ags & #w ofysh 2

2% S| e 2715 24 AR ASE WolAlE 7

AL AGET} e A 55, 11422) A Aunk bond) A4 F
=]

23) o]Z&a(2004), Diebold and 1i(2006), BF-&-Al - 2TH2011)L 2431 o] EHoH AR 23
< HHgste] A& 7|7tel| dgeke BB HZHOP%Z]J B2 A M TEAIHY
717tz g8 4% B U X“l skl 7 717kl digl LAkt
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(Table 3) Time series regression

This table presents the results of the following models:

Fama-French 2 factor model: ¥, = Y; . ,= o, +5 TERM, +B; 4.; DEF, +¢,

i,term
Extended Fama-French 3 factor model:
Y;,t - Y}',s,t = (11- +ﬂz‘,term

CRD, = DEF,—a—f3 « ILLIQ),
TERM is a term spread of government bonds, DEFis a credit spread measured as the difference

TERM, + 3, ..,CRD, + 3

iilliq

ILLIQ, +e,

in yields between long-term corporate bonds and long-term government bonds, CRD is an
orthogonal net credit level, and 7ZLIQ is a liquidity spread measured as the difference in yields
between long-term government-guaranteed bonds and government bonds, The sample period is
from January 2003 to December 2015, The t-values are given in parentheses, *, ** and **

denote significance at the 10%, 5%, and 1% levels, respectively.

Panel A : Fama-French 2 factor model

Portfolio ¢! TERM DEF adj. R
AAA 1 year -0,2984% 0.0436* 0,8808%** 0.877
(-13.616) (1.886) (31.300)

AAA 2 year -0.3381%* 0.5350%* 0.9616%* 0.931
(-14.665) (22.000) (32.150)

AAA 3 year -0.2933** 0.7831** 0.9558*** 0.955
(-13.530) (34.244) (33.983)

AAA 4 year -0, 2502 0.9388"** 0.9408*** 0.974
(-13.905) (49.461) (40.304)

AAA 5 year -0.1608*** 1.0488** 0.8997% 0.978
(-9.233) (57.083) (39.812)

AA 1 year -0.3330** 0.1274* 1.0630%** 0.890
(-13.102) (4.752) (32.240)

AA 2 year -0.4333% 0.6151*** 1.2555%* 0.931
(-14.999) (20.188) (33.504)

AA 3 year -0.3814* 0.8523* 1.2739* 0.943
(-12.791) (27.102) (32.937)

AA 4 year -0.3339** 1.0698** 1.2469% 0.955
(-11.484) (34.882) (33.057)

AA 5 year -0.2457™= 1,2553*** 1.1976%* 0.959
(-8.322) (40.416) (31.351)

A 1 year -0,1608*** 0.3672% 1.1026** 0.797
(-3.766) (8.152) (19.903)

A 2 year -0.2803*** 0.8433%* 1.3777* 0.868
(-5.687) (16.223) (21.550)

A 3 year -0,1391% 1.0783** 1.3807** 0.857
(-2.425) (17.825) (18.559)
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A 4 year 0.0609 1.4335"* 1,2589* 0.873
(1.008) (22.502) (16.068)
A 5 year 0.2567+* 1,6808"* 1.1720% 0.861
(3.724) (23.116) (13.100)
Panel B : Extended Fama-French 3 factor model
Portfolio fe TERM CRD ILLIQ adj. R
AAA 1 year -0.023 0.002 0,729+ 2,016 0.893
(-1.46) (0.10) (17.29) (28.28)
AAA 2 year -0,051%* 0.470%* 0.709** 2,203 0.952
(-3.41) (21.51) (17.81) (34.09)
AAA 3 year -0.010 0.714%* 0.686%* 2.306%* 0.972
(-0.78) (37.18) (19.62) (39.03)
AAA 4 year 0.034** 0,880 0,714 2.214% 0.984
(3.13) (55.71) (24.80) (45.49)
AAA 5 year 0,115 1.002%* 0,719 2,065+ 0.984
(10.04) (59.41) (23.38) (39.75)
AA 1 year 0.000 0.086*** 0.902%* 2,303%* 0.901
(0.00) (3.14) (18.09) (28.03)
AA 2 year -0.051** 0,545 0,983 2.9171% 0.946
(-2.58) (18.87) (18.68) (32.74)
AA 3 year 0.003 0,773 0.966%** 2,998 0.958
(0.15) (26.70) (18.32) (33.02)
AA 4 year 0.044** 0,996 0,959 2.916%* 0.966
(2.25) (34.77) (18.38) (33.07)
AA 5 year 0,127% 1,190%* 0,946 2,764 0.967
(5.89) (39.41) (17.19) (29.72)
A 1 year 0.178** 0.312% 0.887** 2,520 0.808
(5.59) (6.64) (10.37) (17.45)
A 2 year 0,140 0,766 1.077% 3.196%* 0.879
(3.85) (14.37) (11.09) (19.47)
A 3 year 0,272 0,987 1,004* 3.312% 0.872
(6.50) (15.95) (8.96) (17.48)
A 4 year 0.416%* 1.307%* 0,767 3,235% 0.894
9.78) (20.87) (6.72) (16.79)
A 5 year 0.574* 1.535%* 0,607 3,167 0.884
(11.82) (21.51) (4.67) (14.42)
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AFsPo A= o w2 AAA AL 2= A4 o w2 =983 7HAok g
o= Y =5 7F AR (risk-return trade-off) 7} A 3TE 54 291
27}t A1 Fama and French 23 9] 7} @ Ql50] It 0 & A A 0§ A
ZHY = AA] FA3AE YolH 7] 98] Fama and MacBeth(1973) BFH-S AH8-3}
Aok A A 5| 7|7k AR E o] g-sto] HlEtES A5k e ZF A
o] JFFS SUsHA Blwty] ) ZF o] $of gl HAbE IehHa) AA
o 22 Lot BEEAE U A (scaling) AHEaSITH oA 24T 4= 9)
L Ao w2 EAEF0] 9 (bias)S T]5F7] $J38) Fama and MacBeth(1973) ¥
WMo @ 2AE FZOE ALLSI TR Falo|A], A AF 220 E(realized

7HA R 429} E A3 E(yield spread) @} HEF] BA = AP S 2h=AE AW E
71 #1384 12)9}F Zo] HEr} Al &= 71t o A4S 483

Y;J Y} st =% +71ﬂz term +72ﬂ7 serd +’73/61 Jilliq +fy4ﬁ7 term +’Yo/61 ,ord +76ﬂz Lilliq + Uy (12)

AAA 17 (systematic risk)o] iAoz & YA Hef 52 505 L=
5 AYof 5, ol AxY =5 st 259 223t A 7149
AR Fasith SAH SR {Fo3t (O gholojof gt} fojE Axg e
o} e} 7hol BlAg o] AT 9l Vi, — ¥y, = 1B+ 78 )0l Sl AT
=0} el 7+0] 7187]%= Hn| B partial differentiation)2 ©]-8-8}0] 4,42+, 8, & -5}
o, g glA3 8952 £7 wEKrolling betas) 2] HaghS 2+ 28313t}
(Table 4) = A-§-55d} 7HE 7)o w2 157] £EZE| 2.9 it 324
A2 A, 599 28 Y%= (rolling window)S Z-83}0] Fama and MacBeth(1973)

24) Petersen(2009)>  ZthHof A 714
effect)7} A8} Ao FFoa=
wol Agake AsIL

of Zolg WA 7re] ATAL AZHEIHime
Eal © 2 Fama and MacBeth(1973) %
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o] 2tHA 3] HRAS ST EF 2= Fama and MacBeth(1973) HPH O 2 %
getdlen, HluE sdstA sh7] fIsto] A (12)0| 4 $-H o] a5 2F W
O] EFHUARE AA U (scaling) SHTE. H'd AE HH 7|7 Az =0} 41§ |
BFO 221} A7t 1% ol A FAR LR SulE 7 o2 ol E AxYE
of v|e} 7hofl vl o] TS SIS 4= Aok #jd BE HH #oE Axy =

of SAMOR FoRt 7|t AZY =, AR {574 8219 2lAA 7hHo] B
FH O 7S Uetdl= A4S & 5= stk oA -2yt AR Aol A 71%E
LxY et &= 418 Az et opu e} Bl 201k oE AxYe A
o 9lo] F83F 2lA= & Ql(priced risk factor) & AJAFSICE Z1@]al 7| 7F Az
E A4S Az s, 544 Zeud e HiEkEoe] 1 &9 2EHUA HE o 5= &

AZY == 7k7F 1,99, 1,71, 0,199 W2 oF 2= 9lt}

(Table 4) Cross—sectional regressions

Panel A shows the results of the cross-sectional regression tests of 15 rating and maturity class
corporate bond portfolios, The tests are based on Fama-MacBeth regressions, in which betas are
estimated using five-year rolling periods for each portfolio, The sample period is from January
2003 to December 2015, The dependent variable is a portfolio's monthly yield spread. 8,.,.,,
Bera> and By, are the betas of the steepness of the interest rate, the level of credit, and the level
of liquidity. To examine whether the yield spread has non-linear relationships with the betas as
realized returns, we use the regression models that include squared betas. The t-values are
given in parentheses, *, ** and ** denote significance at the 10%, 5%, and 1% levels,

respectively. Panel B shows the results of the risk prices of the cross-sectional regression tests of

15 rating and maturity class corporate bond portfolios,
Panel A @ Fama-MacBeth regressions
Y o Ea Bitig Bierm Bira B, | Avg. R*
1.124% | -0.209* | -0.713** | 0.186** | 0.604™* | 0.557*** | 0.116 0.936
(7.50) (-2.61) (-4.57) (2.34) (8.84) (3.44) (1.22)
Panel B : Risk prices
TERM CRD ILLIQ Total

1.993 1.710 0.186 3.889
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3193, Svensson(1995) & ol T E= A, = Diebold(2008)2] 2791 0.295

A\ 2 AFESFEIL A, Diebold(2008)9F A 3]2(2008) | A AF&-3T Nelson
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B 4= 9)%o] eHmEo| tfgt =4 o2} vlao]A 7d W 10 7] ®5E Smith and
Wilson(2001) E&of| o3t of| & exp7h A S et Wik 2y o] JA%
Nelson and Siegel(1987)} Svensson(1995) 2.8 7ke] B]wWt 71581951 Svensson(1995)
11go] Nelson and Siegel(1987) H3o] vlaf| 5 2-9lof = AR Yepyitt, T1e|ar
QIFEHE W IEof| A Smith and Wilson(2001) X& 0] 995 GR35}l Q17| wj&e] 7]
H2 34 g S 2 Smith and Wilson(2001) X2 A1 31T},
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(Table 5) Validation of the yield curve estimation models

This table shows root mean squared errors for the yield curve estimation models,

Panel A : Government bonds

Maturity Nelson—Siegel Svensson ; i
(vears) |1 = 0.7308] 4 = 0.75 | A= 0.7308 | A= 0,75 | o Wilson
In 1 0.0043 0.0043 0.0003 0.0003 -
sample 3 0.0052 0.0050 0.0008 0.0008 -
5 0.0049 0.0047 0.0005 0.0005 -
Out of 7 0.0022 0.0022 0.0021 0.0020 0.0016
sample 10 0.0031 0.0030 0.0027 0.0027 0.0024
Panel B : Government-guaranteed bonds
Maturit Nelson—Siegel Svensson ; ;
(years;/ X = 0.7308] 1 = 0.75 | A= 0.7308 | A,= 075 | o Wikson
In 1 0.0050 0.0049 0.0003 0.0003 -
sample 3 0.0063 0.0061 0.0004 0.0004 -
5 0.0053 0.0051 0.0006 0.0006 -
Out of 7 0.0019 0.0019 0.0016 0.0016 0.0014
sample 10 0.0030 0.0030 0.0026 0.0026 0.0022

25) CEIOPS(20102)+= ZA7] o|A-&9] 7|7Ht% 4 RO F Smith and Wilson(2001) 23
Hustr WEE AL 25 FulolAlo] FUHsL Qitt. smith and Wilson(2001) R.3
e Reol wvls) mEPgel T, EibHIt Hep ko] Fdd FH(uniform
approach), Ao ¥H2HE o] Zgat 2HH o]AE9] YA T Axlo] Sl

flo o
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(Table 6) Calculation for adjusted risk—free rates

This table shows the calculation for adjusted risk-free rates of AAA corporate bonds as of the
end of 2015, The expected liquidity premium and the expected yield spread are estimated using
the extended Fama-French 3 factor model, The risk-free interest rates term structure is based on
government bonds rates, Actual yield spread is measured as the difference in yields between
corporate bonds and government bonds with the same maturity.

(unit: %)

1 year | 2 year | 3 year | 4 year | 5 year

Expected liquidity premium (a) 0.50 0.68 0.68 0.65 0.59
Expected yield spread (b) 0.74 0.94 1.10 1.18 1.31
Contribution of liquidity premium
2 1.91 45.22
(c=a/bX100) 68.58 | 7298 | 61.9 55.03 5.
Observed corporate bond vyield (d) 1.87 1.90 1.95 2.01 2.14
Basic risk-free rate (e) 1.62 1.64 1.67 1.77 1.86
Observed yield spread (f=d-e) 0.24 0.26 0.29 0.24 0.28
Liquidity premium (g=cx{/100) 0.17 0.19 0.18 0.13 0.13
Adjusted risk-free rates (h=e+g) 1.79 1,83 1.85 1.90 1.98
Aol Al TR A] Qb= 7HY] 24 FE ol Y Xkt R AIREE
FA3F 45 Smith and Wilson(2001) & ol i dsle] qH7| & S7ish= W

2 oifate] AT, (Table 7)2 20159 & AREE ©]-§51¢] Smith and

Wilson(2001) 28 © 2 elatslo] 3t #iiaf L o mAe] @ ol A&t AA A
Aol A el A o] A4 L2la, k] B o|gof ALETH - 1]

HE2 245 0=A 7g)u]9S 7FAFSHL Smith and Wilson(2001) 23082 9|4t

sto] 7ok 1G5 SAAC] @8 o] 422 217k bt} 2] 3L (Figure 2)
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(Table 7) Term structure of adjusted risk—free rates

This table shows the term structure of adjusted risk-free rates for each rating class calculated by
adding liquidity premium to government bond yield,

(unit: %)

1 3 5 10 | 20 | 30 | 50 | 80 | 100
year | year | year | year | year | year | year | year | year

Corporate A 223 | 236 | 2.51 | 2.84 | 3.26 | 3.50 | 3.74 | 3.89 | 3.94
Corporate AA 1.91 | 2.05 | 2.19 | 2,57 | 3.08 | 3.37 | 3.66 | 3.84 | 3.90
Corporate AAA 1.79 | 1.85 | 1,98 | 2.40 | 2,97 | 3.28 | 3.60 | 3.80 | 3.87
Sszzmnem'gu aranteed | ) 6o | 1.77 | 1.99 | 2.18 | 2.65 | 3.03 | 3.44 | 3.70 | 3.79

Government bond 1.62 | 1,67 | 1.86 | 2,10 | 2,18 | 2.25 | 2.8 | 3.28 | 3.45
Observed government-

1 1 1 2.1
guaranteed bond .09 77 .99 18

Observed government

1.62 | 1.67 | 1.86 | 2,10 | 2.18 | 2.25
bond

{Figure 2) Term structure of adjusted risk—free rate
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Abstract

This paper aims to suggest an estimation method of discount rates for
insurance liability valuation reflecting the term structure of liquidity
premium under IFRS 4 Phase II. The advantage of our method is that it
is not only theoretically solid, but also practically applicable.

The main findings are as follows: First, the extended Fama-French
model, including government-guaranteed bond spread as a liquidity
factor, is suitable to determine corporate bond yield spreads. Second, the
liquidity risk factor is priced within the cross section of each bond
rating and maturity. Third, the Smith-Wilson model exhibits substantially
better fitted extrapolations for the term structure of risk free rates,
compared to the Nelson-Siegel model and the Svensson model. Fourth,
the term structure of liquidity premiums for corporate bonds of each
rating as well as government bonds is estimated to reflect the
characteristics of cash flows of insurance liabilities. Finally, liquidity risk
premiums of Korean government-guaranteed bonds and corporate bonds
with AAA, AA, and A ratings are estimated to be 10, 18, 38, 70 bps,
respectively on three-year maturity basis at the end of 2015.

* Key words: discount rates, government-guaranteed bond spread, insurance
debt valuation, liquidity premiums, Smith-Wilson model
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