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(Figure 1) Daily KOSPI log return and squared return from

January b, 2004 to August 29, 2014
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(Figure 2) Coincident composite index (CCl), VKOSPI, and housing market
price index (HPI) from January b, 2004 to August 29, 2014
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A/ 2 Hegdd g @92 23S AAsler o dde tadt 2.

(Table 1) Unit root test results for economic and nancial variables

With intercept With intercept and trend

coincidenc composite index

(AR coecient 1. 0002 1. 0001

(2)ADF test -0. 3403 -0. 3405

(3)KPSS test 11.5167*** 5. 9928***
VKOSPI

(AR coecient 0. 9850 0:9837

(2) ADF test -4.0145™* -4.0175"**

(3)KPSS test 32.9212%** 17.5121%**
housing market price index

(AR coecient 0. 9999 1. 0004

(2) ADF test -1.7421 -1, 7434**

(3)KPSS test 253. 8291*** 33.1127***

Notes: (1) The table gives an overview over unit root test results. The followings should be
checked; 1) AR coefficient is clost to unity, 2) the null hypothesis of ADF test is
not rejected, 3) the null hypothesis of KPSS test is rejected.

(2) *** p<0.01, ** p<0.05, * p<0.1.
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(Figure 3) f(Xt',l[;’t) and h: estimated from the semiparametric single index model
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Notes: Sample period is from January 5, 2004 to August 29, 2014, and shaded areas represent
recession periods.
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(Table 2) Parameter estimates of volatility models

GJR GARCH-X MIDAS semiparametric single index
o 0.0368***  7.828x10%***  0,0426*** 1.2942x10°®
(1.0892°%) (2.7147x10) (0.1101) (2.9257x10)
v 0. 0906*** 0. 1741*** 0.0797*** 0. 0993***
(3.51887" (0. 0305) (0.0192) (0. 0220)
8 0. 8993*** 0. 8283*** 0. 8990*** 0.7953***
(1.6826™ (0. 0502) (0.0134) (0. 0444)
a+v/2+3 0.9814 0.9153 0. 8876 0. 8449
GARCH-X MIDAS
™ 3. 5433x107 > 0, -2.9094x10”"
(9. 3523x10™) (0. 0028)
Wy 28.1103***
(0.1618)
Ty 3.5000x10 ** 0, -1.0847x10”
(1.4801x107) (0. 0006)
Wy 5.0036%**
(0. 0956)
™ 5. 0926x10 **** 0, -15288%10°7
(6.4716x107) (0. 0020)
Wy 5 6. 0028
(8.3573)

Notes: (1) a++v/2+0 indicates persistence measure. (2) The numbers in parentheses are
standard errors (3) *** p<0.01, ** p<0.05, * p<0.1. (4) In GARCH-X model,
7, indicates coefficient of the reciprocal of coincident composite index, , refers to

coefficient of VKOSPI, and m, stands for coefficient of the reciprocal of housing

market price index. (5) GARCH-MIDAS model is estimated under restriction of
w; =1 in beta weighting function. ¢, indicates coefficient of diffrence of coincident

composite index in f,, 6, refers to coefficient of diffrence of VKOSPI, and 6, stands
for coefficient of diffrence of housing market price index in f,. w,; is parameter in

beta weighting function.

7} 2o G HERES GJR-GARCH 23 o %‘—Xé?‘a AIE HE gk
(@)



3} Feufn)7}A R 5= o] ARl 17t B YR FPE AT AL HEdY
71 WA, FEui AR FE S0 BAE A S nlsta, Wbt

A2 VKOSPIAIFe] Al 71, = 2 AT AL VKOSPIA| o} Bl

e okl BA7L &S oJuldth. GARCH-MIDASY] Ao 6,7} BF S5=
ekt dutdes wige] RS Ba Fh/idte S ¢ 5 gtk
GARCH-MIDASSIA A7 HEF-Eol M AL&-gh W] 2450 7)5do] Wge]
7H 7 aehe A Uit 32 o) A7) 53R S FEuju)rta RS 24
H AG7F 42 AL o5 Hige] wWstel MEyo] &0 WAS s 9eS
Eh7) W&o AAA Azt dx)gct. 1elu VKOSPIE] Wste Wsga) 59
HAE YRl 9=l o= VKOSPIeF ¥ig/do] o #AE 7l dvke ¢

°
]

>_‘_—

WP Q1 Aol Wkl

=35 AYE nlglo g A2 A4 A = (persistence measure) S YERY
= a+2/v+ BE A GJR-GARCH Z239] % 0.9814= 19 33| 7
A YERgz GARCH-X 239l 49 0.9153, GARCH-MIDAS Z&e] 2%
0. 8876, WkRaE GAX|E 23] 79 (. 8449% GJR-GARCH BT} 2|44 4
Eo] gro] 18T} 2A Feolzl & & F AUk AA/E8 HFE EYS RFEE]
holX 88 A&A JE=7F GJR-GARCH 231t} 104 o dohe A& A/

o,
B =

gt a2z (b) & HlawsiEy 2 E (1) o= AlAt(ag) 7F 40744
el AXNE yi o] A3 BATIE FolaAl fAlEE v, T (b) dllAle
v F(X, - 3) 2 UE A APVERAR} e SR Zolut AS 81
& 9tk ol FAE 479 A7) 719 54 (long memory property) ©] f(X, , 3,)

2 AlgRR A0, REAe] A4 fEREe] Wedel 471719

E=PER-S UP——O{ = 89198 9on] dtya & 4= 9lth Han and Kristensen (2015)



86 MRHELMAZE A6 H A2

& SEMIX 23& o] gslo] o] o]2d oz w1 gieh y, 9 v,/ f(X,_ 5,

(Figure 4) Autocorrelation functions of squared KOSPI return (y?) and y,/f( L 16,)

Sample Autocorrelation Function Sample Autocorrelation Function
T I T T I T I

Sample Autocorrelation
Sample Autocorrelation

Lag Lag

(a) Autocorrelation function of y? (b) Autocorrelation function of y2/f(X,_,3,)

Notes: f (X,_ 1@) is estimated from the semiparametric single index model.

(Figure 5) f;t from GJR-GARCH model and semiprametric single index model
from January 5, 2004 to August 29, 2014

x 1072 GJR—GARCH Single Index Model

2.5
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05 1
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2004 2007 2010 2013 2004 2007 2010 2013

(a) f;t from GJR-GARCH model (b) l;t from semiparametric single index model

Notes: Shaded areas represent recession periods.
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(Table 4) Comparison of in-sample fitting

GJR GARCH-X MIDAS  single index semiparametric single index
QLIKE 0.1951 0.1917 0. 1947 0.1753 0.1518
DMW 5.4387FF*  6.3547***  5.3951%*F  3.9919***

Notes: (1) The lowest QLIKE loss is presented in bold. (2) *** p<0.01, ** p<0.05, * p<0.1
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(Table ) Comparison of out-of-sample forecasting
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F2 U A5 A4 v 2 RS ddA ] 299 QLIKE #o] oAl i
o BYS T /M W2 Aew YEEth 53] £ 9 458 AN vE



FEFHERTTE A 64 1 Al 2 &

92

ok
Sk

£9] QLIKE %te] 0.2 ol/de] Ay

A9l QLIKE %k

2y

A
oW

ol

°F (0. 182 t}

o
LI,

R R e g 7P v QLIKE 3% 7HE v

B

2]

%

ijh

)

191, DMW A%

3

B

= A

tol DMW A%

3

QLIKE #te] ztolef of

FE 9 A

o 743

=
=

= U

S wj Aztel] uwle} Wi}

s
243

o, wel wegs el

g AFA

=
=

o

]

™

ol A= 7171 Wl AlRtel w2} Wt

5

Fe= ARt w2} sk

b 25

S

%

R o7 Musla GARCH dEje] 2alo] ut

9

20043 19 59 HE 2014 8Y 299714, 2643Y 3F
o] KOSPI 4=21& dlolele} 47|58 =|4, VKOSPI, =913 Felujuj7}A%]4=

-
R

% itk AFEA6A

0

FE 9]

o 7247

=
=

= W

gt

& W HolHE

|/=

|

R
ﬁo
o))

Aol Hek

CEEEE

nr} WEAel
ol AXY WY AADe] £

==
ST

4

)

o] 92433}

F9A5

2 7]tiEh whebA 1

[e]
< Ao

=
=

g

i3

TolA v Algelth



Amado and Terasvirta (2014) 7} BE$1%°] £ 28-S thH & (multivariate) GARCH
o et wo = o] =58 HY = IS Aog JdEEg, o3t
A<

3T =
g SgRgel tedE AxEe] ¥4

m A7

Ho
rok

L A, s 1 F 7 WEA BAS Wk v GARCHE R & o] &3}
of,” TE&ATs, A23E A2 009 pp. 1-28.
(Translated in English) Kim, S., “Stock Returns and Its Volatility Under Business Cycles
Changes : Using Asymmetric GARCH Model,” Journal of Money and Finance, Vol. 23,
No. 2, 2009, pp.1-28.

2. A9Y, T AN A&A WA H AXNGAA BEA T4, TeasEd T, A3sd
A4z, 2013, pp. 63-94.
(Translated in English) Kim, Y., “The Long-lived Volatility of Korean Stock Market and
Its Relation to Macroeconomic Conditions,” KDI Journal of Economic Policy, Vol. 35,
No. 4, 2013, pp.63-94.

3. 2dY - oA - oA, WHFAAG AFEE wgA A HEAel H3 AsAT,” T4l
F&A ATy, A7TA A1, 2000, pp. 45-65.
(Translated in English) Oh, H., H. Lee and C. Lee, “An Empirical Study on Asymmetric
Stock Market Volatility in Korea,” The Korean Journal of Financial Management, Vol. 17,
No. 1, 2000, pp.45-65.

4. AR - A, FAAG A FEA A A5 AAE SAH e BAlC] Bek AFA
A" TAAAA ATy, A22d A4z, 2009, pp. 2065-2083.
(Translated in English) Lim, B. and S. Han, “A Study on the Relationship betwen Return

on Real Estate and Korea Compoiste Stock Price Index,” Korea Industrial Economics
Association, Vol. 22, No. 4, 2009, pp.2065-2083.

5. Amado, C. and T. Terdsvirta, ‘Modelling Volatility by Variance Decomposition,” Journal
of Econometrics, Vol. 175, No. 2, 2013, pp.142-153.

6. , “Conditional Correlation Models of Autoregressive Conditional
Heteroscedasticity with Nonstationary Garch Equations,” Journal of Business & Economic
Statistics, 32, No. 1, 2014, pp.69-87.

7. Barndor-Nielsen, O. E., P. R. Hansen, A. Lunde and N. Shephard, “Designing Realized
Kernels to Measure the Ex Post Variation of Equity Prices in the Presence of Noise,”

FOL' J_




94

10.

11.

12.

13.

14.

1.

16.

17.

18.

19.

20.

21.

22.

FEFHERTTE A 64 1 Al 2 &

Econometrica, Vol. 76, No. 6, 2008, pp. 1481-1536.

Conrad, C. and K. Loch, “Anticipating Long-term Stock Market Volatility,” Journal of
Applied Econometrics, Vol. 30, No. 7, 2015, pp.1090-1114.

Corsi, F., “A Simple Approximate Long-Memory Model of Realized Volatility,” Journal of
Financial Econometrics, Vol. 7, No. 2, 2009, pp.174-196.

Diebold, F. X. and R. S. Mariano, ‘Comparing Predictive Accuracy,” Journal of Business
& Economic Statistics, Vol. 13, No. 3, 1995, pp.253-63.

Engle, R. F., E. Ghysels and B. Sohn, “Stock Market Volatility and Macroeconomic
Fundamentals,” Review of Economics and Statistics, Vol. 95, No. 3, 2013, pp. 776-797.

Engle, R. F. and J. G. Rangel, “The Spline-GARCH Model for Low-frequency Volatility
and Its Global Macroeconomic Causes,” Review of Financial Studies, Vol. 21, No. 3,
2008, pp. 1187-1222.

Feng, Y. and L. Sun, “A Semi-APARCH Approach for Comparing Long-term and
Short-term Risk in Chinese Financial Market and in Mature Financial Markets,” No. 69.
University of Paderborn, CIE Center for International Economics, 2013.

Hafner, C. M. and O. Linton, “Efficient Estimation of a Multivariate Multiplicative
Volatility Model,” Journal of Econometrics, Vol. 159, No. 1, 2010, pp.55-73.

Hamilton, J. D. and G. Lin, “Stock Market Volatility and the Business Cycle,” Journal of
Applied Econometrics, Vol. 11, No. 5, 1996, pp.573-593.

Han, H. and D. Kristensen, ‘Asymptotic Theory for the QMLE in GARCH-X Models with
Stationary and Nonstationary Covariates,” Journal of Business & Economic Statistics, Vol.
32, No. 3, 2014, pp.416-429.

, “Semiparametric Multiplicative GARCH-X Model: Adopting

Economic Variables to Explain Volatility,” Working paper, 2015.

Ichimura, H., “Semiparametric Least Squares (SLS) and Weighted SLS Estimation of
Single-index Models,” Journal of Econometrics, Vol. 58, No. 1, 1993, pp.71-120.
Koo, B. and O. Linton, ‘Lets Get LADE: Robust Estimation of Semiparametric
Multiplicative Volatility Models,” Econometric Theory, Vol. 31, No. 4, 2013,
pp. 671-701.

Patton, A.J. and K. Sheppard, “Evaluating Volatility and Correlation Forecasts,”
Handbook of Financial Time Series, Springer Berlin Heidelberg, 2009, pp.801-838.

Schwert, G. W., “Why does Stock Market Volatility Change Over Time?,” The Journal of
Nance, Vol. 44, No. 5, 1989, pp. 1115-1153.

West, K. D., “Asymptotic Inference about Predictive Ability,” Econometrica, Vol. 64, No.
5, 1996, pp. 1067-1084.



Adopting Economic and Financial Variables to Explain
Stock Market Volatility in Korea*

Seunghee Lee™* - Heejoon Han™**

Abstract

This paper studies stock market volatility in Korea using a semiparametric
single index volatility model, in which a single index long run component
induced by exogenous covariates is multiplied to a GARCH short run
component. When a covariate is nonstationary, i.e. integrated or near-
integrated, the model can account for time-varying unconditional variance of
financial time series. Among various economic and nancial indicators, it is
found that the coincident composite index, VKOSPI, and housing price index
are helpful in fitting and forecasting stock market volatility in Korea. It is
shown that the model using these three variables outperforms standard models
both in terms of in-sample fitting and out-of-sample forecasting.
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