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Abstract
Britten-Jones and Neuberg@000)derived the model-free implied volatilities under
the assumption that the price of underlying assd&iviis diffusion process. Jiang and
Tian (2005) further extend the above model-free implied valgtito asset price
process with jumps and develop a simple methodnipiementing the model-free
implied volatility. This paper follows CBOE VIX Wte Paper (2009) calculated
VIX as model-free implied volatilities instead ofadg and Tian (2005) derived
model-free implied volatilities from S&P500 indexptmns. We want to know
whether the model-free implied volatilities havee thame effect in interest rate
options or not? In addition, we perform a diredt tef the informational efficiency
of interest rate options market using model-freplied volatilities.
Our results from Eurodollar futures options suggdsit model-free implied
volatilities can not subsume all information coned in the HIJM implied
volatilities and are not more efficient forecastr fluture realized volatilities.
However, model-free implied volatilities can subsuall information contained in
past realized volatilities.
We further considered the structural breaks. Afieuctural breaks HIM implied
volatilities subsume all information contained ioael-free implied volatilities and
past realized volatilities and are more efficiemtretast for future realized

volatilities.

Keywords: Model-Free Implied Volatility, HIM ImplieVolatility, Eurodollar futures

option, structural breaks, information content
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1HGH R HANE RN H N (B - LDARERE H 25— H (nearby BIIH K 55 50T
H(the second nearb§fjif} H. I3 FAH RIS FERENY ERE S R RE(EAS - M@ A -
it/ IME > RIRZERIERT (K, ) L SEFRERN TS (2P S8 R -
2 P B - HIDUE SR R AL E - RE R ERS (K, ) ELEAI B (K ) RZ
BN LCIEAIEAS (Ko )N ERE - RIS MEEEERE - (Y BEERE T UER -
BHEE I HBAIRIH/ING 7 RIF > RMER A S A e > INIERZ H SR =T H
B2 =5IT H (the third nearby[ 8122575 & 3555 H ZZRIEIWIH KR 7 K - (B2 5
AR > RUEBIRIETE S5k -
45355 HEEIE RN E R ER T B e MR RO NG WO - HIE I ik
SR =R B SRR A 5 (R SRR N R R A B T B RSB R
R/ NG > DA RERET T - INIIERS HE0R T AR -
SARIE NI AGH R — 3B
AKI T

o =2yl

Hrp
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L ERESCERE
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AK; = (Kiyy = Ki5) 125 5 K BRI EARIR - AK RIS AR R A RS By
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(c"):
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Hrf

T, 1% 2B H (nearbyEIHHELH .2 AEAL ETHARR]

5
T, % BB 3TH (the second nearbff 3%ty 2 AL SRR
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= HMNRSEHE

Heath, Jarrow and Morton (199@tix B =Ry Bh e - I HEIERE
FIRUBEET T - SR SRV BRI 58 R e Bt - 8 AN R Eh Al - BIAT
SRR FIRTMERS R - B BIRFE B AR B i O R BB - Il HIM 35
IR Y Ho and Lee (1987)% Hull and White(1990)1) Extended VasiceK&
Ao HIM BIURG F-e RAtia TAHE ORI ZE ] > Sea FiRBle— I8 bl e A OV RE ~ Fapiiy
REol e — {3 E Bk B (deterministic volatility functiony A= #RH HIM FERU A K HL
R I - HABRIER AT -

B > HIM BRI 5 B SR At R AR AR R AR AL > IR 2200 R U
A3+

df (t,T) = ut, T)dt+o(t, T, f (t,T))dz(t) 3)

f(t T ARSAEIRFAG t 54K 5 TIRF BT AT - G L BHIAEIREE T 201 5 o ()RS
IR > {2() © tO[0,7]} Fortiesh 0 B ¢ BRI IR Al 5aE)
It o ()dz@OF s HIFIERE BRI 117 pt, T) RUFSAERFS BEEAIRAT T A AR s
R (draft) > 41150(4) -

pt.T) =0 T) [ ottu)du (4)

HE T BE A RS SE T 58 AR T SR A B B BT
> AR PRIV BERGEAE R » i n] DIHEE RO (2 RS B R 2
[R5 > A1(5) -

P(tL.T) = exp( [ f(t,5)ds) (5)

= exp( f r(s)ds) (6)

P(t T AL R t ROl s SRS ARG > HEIH RIREEE T o [RIRF - AERURE DGR
L1 AEIRFRL 2 s SRR F (¢, 9) )& S5 Y s WIRIRIIGIRER(r (s)) > anX(6) » #
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AU AT > BRI IR PRIERS R EA 2 rI( f O T)) » Az BE@hik# o (A
WZE MM AR - 1B AT ] AR LR S T RS AR 5L
W > SRR T B DCHE S5 ) -

RIIEAE HIM 20 > FISRSEERAE (A R B A {8 S A B - 73l s 10
FRfEis(F) ~ ERIERE(K) ~ ZHIH(T) ~ FERM DU (o) - A(7) |

C, =HWM(F,K, T, 1,0 ) (7

SUIRG e B RE AR T B m il P 32 R (AR Y SR RIHE RV Y B3R R s R R (A T A
HIM AR e > Stz DU MUERAA TR SRR SCHEH S5 e B 22 0 RS AR AN=(8)

O; M = HIM _1(Fi KT, C) (8)

T HAIBS S IR FO o BRI G & R b Bl < e TN SR RR > AR
AR T 30 KIS B -

=t  CRRAAGEPR T EXGHE

ARSI - B 7 SR E B S e HIM B S 2okt - fads
CUE L)L (realized volatility) FIFE S E)E &R} (historical volatility) - £ 1 HEFT
AR IR B AR A B RE I THIHIRE ) S P Sy &R S R EIRS E R A
WY BB - ASCFe AR E B BB R R AR B s 30 KM - L B fi e Bl
TR S E A B S B K HIM [ S el SR (g 20 PR REAHTC 5 « HOE TR i
e RhEIE FRAIEE SR H 30 RIANHIE RS - & et H7E H 30 KL BB R
FfssAmivE 2 o et e LIRRGR 252 HITAT1S CL BN EIEE (o) -

{EFESI B RERIRT R AL ST — 28 2 H B & B I Bl R R FRE S
B (R HIE > JCATRFZE4 Canina and Figlewski (1998Fhristensen and Prabhala (1998)

IR BT — 182 o H B L B B B FEE AR R S R B PR (i RIS Lz B A A

3 F BB BB 3 BG4 A H £ - PRI T PR S MR A A H 30
RIS ERS -
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Markov itife - szl —{dl 2 2 H Y IENE AR AR BN T & A RE S i N IAR K
ICENEMIBRRY B, - ML - RFR R — REVE SN (lagged realized
o) A SR S B AR T -

volatility

¥wih - EHRNBERE

LEASE HRFRAT P A URRARLIR - B AR AT BRI A 3R 8 AR Uiy - AN TR
G LS N B I BB B IR o IR TR R S R R A
A (structural changes or structural breaksy GE[E R LSRR ©

HAEARRY Chow  testEAS AR MR E BT ZEMHLP] - 1] CUSUM fiE Al
PRI R 2 BRI E R 5 2 IR A ACAE: Hansen (200 Biie: s At i ek
B JEFIRZLREL(2006) 47 T2 Chow test - HARERDBRATT
LA AR H R R AL
2 AL SEAEI LT T Chow test fEEEAES n4E° ~ n+ 18, —EIfREIEE T-n+145(T 54
BRAE) - WECERATE F AR R -
3T F e A E IR 2 - B s s AR QuandUsifiz |- - LAY
5% Chow testZ [ FUi® » BITRTLES H e At VT, -

R AR Bai and Perron(1998y HH#E Hi fre/)MEAP 51k il dE P S et M ARl
SETAATATREV R RS > H IR AR S AR RS RSB AR E - ATDAR SR
BRI REAN L UG — (Wb 2 EE AR P B PR R e B R B R AR AN 53 A Ml
A BB TR TR — AR E o RERHE T BT R
AE LA A A A R AR R 1L - SR TR T

SRR ye AN BA7AE m (EASREEERE, » QDL f B R I e DA R AT

)|

Y =X, B+Z.9, + U, t=T1+1,....T;

*ffch# Hansen(2001) n A B#AHEASL T 2 5%
OB SR L P ESIR TSI T > FHIEA Chow teskfiat BRI SMEAIET § 75 s Mg B £3 R A
HITEDURE - HIIFEEIH Andrews and Ploberger(199%y2 (i Pl =& (I FYE - B2 Hansen(1997) /7
ERTE p-valuefi sk AT EE: -
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Foepro v ITIRYIBIES R > x5 p* L MERYIAD R > z WS oL RERYIADE > g B AT of JI
R B A s B Al g 0 1 =1,2,..m+ L u RS €A 5 A e
R (Ta, - T HTRS AR © S B2 URs x FUTREA & B S 7 rTAEEIY » WAl (o1
At A L (HAIE p SRS AT 250 RS R I -

A A AR

Y = XB+2d+U
o Y = (YY) 2 X =6 Xe) 2 U = () 2 0=(01,05,0000 i)' ﬁﬁz

RV AR A > 1 Z = diag(z,,... Z) ©
[FJHRF > R FH e MR RT3 - 1520 B R & WAt HE - i tbAtia s IR AT
AE(Ta, ., Tm) S5 m SRS | -

m+1

(Y - XB-Z0)'(Y - XB-Z0) = ZZ[yﬁXﬂ z, 3]

i=1 t=T,_,+1

AEFF BRI RE 2 12 - BITRRE R S e E 7 A A A R R R A (I T
JE ° E e/ rid SUpFRRE > HUE I DUMBE RS R AERE B e FUiE B i A A
R > Hot m=0 (A TR A K (EFGREAERS > Hy m=k>

HRERE RS F (e AK;q)=;(T'(k:q1)q‘p)éR'(RV(J)R')'le:Eqﬂ’

=[TA] 2 12120 k0 L (ROY= (8,0, o8 =Byy,)  TTV(O) HIIE SVt FLAEN -
S35 SRATEREMRE i Dmax F(MiQ)V T WDmaxF (Mo kit fE TR i H
BRI S A RS HEREEAE - {EREE RSB 1A AE 2 - (8
FELL TR AR 5 Fr(L+ L) FOR A I 8 > 5340 Yao(1988)TFHELL
Bayesian Information Criterigf] Liu, Wu and Zidek(199F:f%) Schwarz’ criterionji il

(T e e L i [ SUNJIRE
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FEHE - TEERXSH
% ARABRARTHRR

NS TIN5 (Eurodollar futures optiofgh iAA - IITET S FERERY — T » 152AY
B RHPRITE - BOMNSECHTEGEERER 1985 A HSe B2 NHFre 52 % fi(Chicago
Mercantile Exchange, CME}{T » £5HHiTH 5L B2y s R, L MRS ERAE G o » 28
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BUERNZETCHA £ — 50 [FIFS IMM $BEeHR s - wR{E /720 100(1-) - H kM. ik
i [ (tick) £ 0. 25l FACE, » 252 § 6.25(1bp=§ 25) -

BN ZETCIN E R ERE R S5 5 1h/E CME 22 gy Py TR - (B g i i 2|
MBI - HATE eI S E A AR - [FIIRRRS 1 RN R B & RN [l il
B A2 Ty b e SR B R E & o DRI A AU SR G 5 5 DU 2= ] S HE R R
(Quarterly optionfs 1= - 2= H - EHE 2 G H DA 8 lMZ&=HEGEHAI3 -6+ 9
12 H)BRIARLE - EUERS I DUSST BIHIZR H &2 28 =AW 5 = B S5 e i B (B 1
T o RAELAFH BRI A TG00 » — BRI - B BTt 211 > 2=
BRI RS SR BB AE AT TS S F R R AN LA I B RS B S I
WIFEIZ &R - HAEE S b o 22 H ST ERAE & 22 by S H s H A P YRR R A K -

ARACERHN [ EBLZ I 22 S B RS 20034F 1 H 2 H % 20084 7
H 141 > It 136184 5 Hiz HERL - 36,6325 5 I T HESRMELDRIER - T s
FHERIR KRG —(EEERENA S EN - a5 HB -~ B H 0 - HERENE - B
B ~ TGRS ~ SR -
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F=t >~ HEaH

R L HERE T ISR TE ARG e B ~ HIM B3-S e Bl R L B B Bl S AR T
FAREI e 13 1 el B SR R E BRI B EEAT HIM BE e B R r A i o
KRIACE BB EME » BEE 7 I RS B e O B e B g TR0 T
REET AT RaR - H AR E A BRI B R < IhAL - 13k 1] E s
BRIV E S - HIRRERE (skewness FIEEAHIERERE (excess kurtosis BT &
RESTICHIRIME » DRI S Bl 5E » A 00 FH S SOl FE ORIl e - PT35I
FERIREE TSI TARS A «

2 2GR T MRS i R 2 Bl ~ HIM 3 el FER 1 2 B B e e —= 5 il i
BERFERE (correlation) (51 o ESLBIEZEIME - EHA HIM R0k @ i Bt
R B i BN FE AN IR HAT v FE AR 1 (80.67%) > Rk ANE MER R R i ARG 5 I
FEE B HIM 35 Jpi o A B B e P A = PO R T A HIM B3 ipe Bl fe
(73.13%) ASCAERLAAREE 7T HIM B35 ) et 75 o eI 35 e IR 2 Bl e 1
AMfdiET=l (unbiased estimator gligil R E 715 99%(SHI/KHET » HIRFIIHEAE T
{7 HIM [535o F 8 SEASRY 55 R 2 e FEE AN 75 U Rl Rt - FHDA_ B A%
SEAS R ATAME S HIM BRI Bl PR SR R A BR e B . — 3 M A DTy
P B T AR AR ERANE -
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(3£ 1) FHFaapash ey gliat

Excess

T N Mean  Std. Dev. Skewness Kurtosis Minimum Maximum
Panel A : o™

30 67 0.004171  0.0026 1.0436 0.8376  0.000065 0.012386
Panel B : o™

30 67 0.002158  0.0017 1.8680 43969  0.000349  0.008649
Panel C : ™"

30 67 0.005755  0.0028 0.7399 0.1520 0.00095  0.013188
Panel D : In(c™™)

30 67 -5.73499 0.8640 -0.8484 0.6118 -9.641123 -4.39119
Panel E : In(c™)

30 67 -6.40367 0.7555 -0.1762  -0.4596  -7.961164 -4.75028
Panel F:  In(@"F)

30 67 -5.28574 0.5406 -0.7201 0.7983  -6.95932  -4.32842

i 0~ ™Ao" SRR FRE BB « IR HIM S I B R R R R A )
FE ot AAERIHIIER N BEREARE -

(5 2) 30 KIGIpe BN R AL B A

Panel A - correlation matrix oM ME RE

of volatility(N=67) 7 7
G.HJM
1.0000 — —
o™ 0.8067  1.0000 —
g 07313 0.6905  1.0000

Panel B correlation matri

In(g™™ MF RE
of log volatility(N=67) (@) In(@"")  In(c™)

In(c™™") 1.0000 — —
In(c™") 0.5726  1.0000 —
In(c™) 05562 0.6092  1.0000

i o~ ™Ao" SRR FRE BB - IR HIM S B R R R R A )
B s N HIfCSREARRE -
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AR T AR A AR 5 i B3 5 B R P B S AR 0 EER R AR e
S BT ~ (T HIM [ Sl 5 b JRE S i 8 — AP AR AR I B EE Y FHIIRE T - AR
$5 Christensen and Prabhald998) #[1 Christensen, Hansen, and Prabh@®01) » 4
SR AR BB H B AR AGHET T e deE - HifEAR (overlapping HYERA
FORFE (A CRE T R AR BT AH BRI AR T AN A - PRI ER IR BB H AR
EORDE R o e A2 A X CRB B AN AT

Rt REEGHEHALER

1 FETHRR AT (MRS E RS S B L ~ H HIM BEie B is ) Bl
B RERE S E > FTBIIRHR RS 30 IRz B RS E - Hhle 1 n] 8 R
TERG B REAE D HIM S5 B R LEC BB B Ak A - LB HIM 35
IR RS R 5 B P B W 4 AH 30T > RIS P R AET - HAE
PRI A HLTHIGE ST - (EU R S AR

realized volatility
1.2 model-free implied volatility
"""" HJIM implied volatility
1
0.8
s
3 0.6
;‘5
0.4
0.2
0
2003 2004 2005 2006 2007 2008
-0.2
Jan2003-July2008(monthly)
ChEl 1) AN[RITEHIASEARY (2 gpig o) s B B gy il 5 o A B4

At - [ B = R I RER 30 KIME EIRN B (LB - SHEARCE RSB I E R AER
HIM (55 I8 Bl (R AR R P Y E BA 0] > JIREITE 20034 1 H 2 200847 [ -
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AR REC g g
AR Jiang and Tian (2008311 LA T~ FEEER B AT TR © — BT

FrfE X, (univariate regression H—Ef &R (encompassing regressipn B

s o (T {6 %285 (independent variablesiEf Tl 4T - 1 B4y
SRS G S F s A s S (dependent variablosHUfFRERE T o ANSCHY A &
WA (9)~ (10) F1 (11) ==0 - Hp B A8 — R i e e > 4001 Je s
HUIRGERS S BN ~ (H HIM BE 587 Bl 5 ke iR sz s > sy — QB R E HE
BIRT o b B A Rl RE AT B B A T HEIE] 7 ) P TR S A A 2 L R Bl 1 7
HIBE T K FbE S &R

- a +,BtHJM HIM +£t (9)

_a +ﬁtLRE LRE +£t (10)

_0' +:BtMF MF +£t (11)

AR B o Ff T 2D A8 DAY B SO TR S0 Rl
UIESIEENEEN FeSaeplllHESEERIS L & S i S0 EES I EES DY 4SS 3 Y NE g N ey

B B AT o A SRR (12)~ (13) A1 (14) 24
AR IS0 B % SRS R i B 5 B P ~ (7P HIM 35 30 PR R B IR —
IS TR A ST B R Rl PRI e [ A 1 At 5 5
HIEEH - SeRER U Al e CAT T

- MF MF HM _HIM LRE —LRE
=a . +p5 tBT o H BT o g (12)
VtRE :at +,BtMFVtMF +ﬁtHJMVtHJM +ﬁtLREVtLRE +£t (13)
|thRE :at +,BtMF |thMF +,BtHJM |n0.tHJM +,BtLRE |n0.tLRE +£t (14)

£ (9) ~ (14) > o TV 733 53 T (RS I R B FE AR Sl > E AT RE
MF ~ HIM AT LRE » 70 AR T E B ENE ~ BEEIRIEE NS S B ~ HIM (57
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ISR I BB MRt HCEREIH AR - SRR A Sl ffed
A S AR R T - SRR - FRe (12) SUrpeg At — (el 5 AR B bR -
FERFRT (9) ~ (10) 1 (11) UHZ — AR -

7 3 F % 5 B Bl BUAE Rl K AU Al B IR > oA AT =R IR
LA R ATT © BRDURH RS SRS A5 iRt AT - bt —RH IS i e B
EEEAG AL © JLAT > 2 3 225k 5 BT 30 KAV BB EER] - B RPRE >
IS ENE ZOR) - 5 SR U R B e -

FEH - RYERABPGTES W

B E BT 30 KD B ERH R ERAS A > i B R B BAHR R S 7T
#HH Durbin-Watsonifs G ik BT E R 77 B B BAHRER 42 - & Durbin-Watsonfift
Al d = 2 FORIE M ERERINY R AT H BAHRBHRYRTE ¢ .2 > #f Durbin-Watson
et d= 084 d = 4 FoRIE— R A 58 72 EUAHRR TR v REFS IEAHBH B A AHRH -
3% 3 B4 5 PN 4T £ Durbin-Watsorf¥ S e » 1I 75 s 28 v T S e B 2
(EAELBIIAERE » FoRFR 3 B 5T A0 H AR RTE AT -

P2 > ARSCRE53 )3 LA R A 1, Sl Bt T - DRI AR R B Bl A5 T
EFRE A HRRR IR E - (EB S Ry Al T R E - S
HETTHUIREAGE + Ho t 8= 0 o 5l R e Bl FE TR R R B 2 AR A B FE AT
TR > LB R FEOHME R SR (R0 B ERY O > PRI A il SR P (e A
i FORIE— BRSO BN — BRI A S NI R B R
b2 BRI FEFHBR T » LR B E A A F ==

/él\
. {HO:,BHJM =0

(15)
H,: g™ %0

"SR FERH NV, ) RSB 51( O R AT 5
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2 {HO:ﬁLRE -9 (16)
H,: B #0

3 {HO:ﬁMF =0 (17)
H,: 8" 20

AINE AR HIM ~ LRE ~ MF 735303 HIM g2k B K FEHNE ~ v —IE ER
IR P TR R SRR i B I B P TN - phsfe 3 23 5 rprml 33 - [k T I
LR IE BB BN REAE SYEE /RHE T REE ARG i A - TLERFT A1y H A

ﬁ@

SMBHEREE 1ETROE T 15 T AR » MR RTHI R4 (R B 5
ERI 0 SERYI T TR R PR RIS B A T A A
TN -

SRR A T B RS IR S b R B RS H ta = 0and =1 Z5il i
B Bl RE FEOHIE A AR A RS — (A T2 > RULE— B LR RERGREL B
WESS 1 HABU I o HERTS O o PRILEAS R M A AeE - SRR — I AN R AR A )
FERI At S AR R B R AR AR Mt = o b2 i

wME LU =5

H,:a=0and g™ =1

1, |Hora=0and f (18)
H,:notH,
H,:a =0and - =1

g [Hoia=0and f (19)
H,:notH,
H,:a=0and 8" =1

3, JHora=0and g (20)
H,:notH,

TR ES - EEShST H 71 5% X ° B » DAL = IR E b E 85 TS R IR AE SR
3B S IR "y test (), HYFMEH § AERFE X * BuE et s i/ NS
sy ARFREMERERS R pfE( p value) AREE x° MUERTH & 3 5 5 H A
ARG 1 LU SRR R > HARJRGRT > AN SR B LS R R P B RE AT IS AR
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BB AR o SEfERsE ARG IR - BRI P ] B RGeS tiam — 2 -
153 3 » SRR e B e Bl B THOHIE - HIM (5 e B A s 12— e E B
B PEE R P E T LE L B PR B R =y 5 1 HOEARnY RS SRR TRy S e (Y
SCRR—3 = AELL - ST DAEEE » 5% 3 B3R S » & A iR < B IEAR YA E R
(adjusted??) - i 7 (1 3)s S 2 & TR AR PE (R HIM BE 5 Bl FEp R
et~ MEEUERGERR S I ENE R ~ ik — RO E B ENE R/ M HERR AL fiEf
RUREE R B R S iy HIM [ B FERHIE A 4 1 — R B BB s % — K
CUE BB IR ALE REURR » 520 » IR E e RS S R LE HIM a3k
B R % — R U B B ) 8 B M fA e B 20 R AR BB - LA B Jiang and Tian
(2005)—% -

etk ARSCEEEm S A S R AS IR o AR ARSI T M e - HiY
A AR E AT A IS HIM 33 B Y 18— R O B R B SRR e
N S HIM RS 5 JR 8 ~ SRERSEI Ee o YR e 1 — R L B BBl R L S SRS B
E T T S A LAt W 0 B FE Y R I« HARGERs e AT R

H : - HIM - LRE -

L JHoia Oand 8 15 0 (21)
H,:notH,
H :ag= MF _ HIM —

5 o.a=0and s 13 0 (22)
H,:notH,
H : - MF - LRE -

3 o.a=0and S 13 0 (23)
H,:notH,
H : = MF = HIM - LRE =

4 0-a Oand,B lﬂ O’ﬂ 0 (24)
H,:notH,

FHAKEIRE S IR E B T AT 5D ) B » LA P e here BB E 85 TR R
GIRAES 3 25 5 I AR T x*test(b) , WUZtsHh 5 fifE X * MUERE A /57N
FEINehEy - RS ERREAT R pE (p valuey ((21)FE 23y ilinkE HIM E5

25



BN SR — R BRI ~ SER e B A HIM 5 Il ~ SRR e
N A REH RIS CEANSIEE ¢ SUQRANE AR R 3 e B
FHES LA 5 B H AN R -

ECEERTHIER Y HIM BE 5 R AR © 25 HIM Bz i R iE
BRI AT Al — RO IR AR G H, B = OHYME RS ARE
RAREEERY - TR 3 225% 5 MVES PRl R 483 - /£ 109 /KHE T > R 3 E
5 EAAEH, B = OWYRRIERG - AW T HIM (g B A R s e B s AT
BRI « #3 TG TREMUE QL) - AHARANZR 3 BL 519 T x test(b) R -
ARG R G - BEAS AU HIM B B BT ERARCR TR B R 5 A
R RO S E ERE A - s R L (18) U A iR g i B AN @ AR
B AL T A -

FRAR AT AR B B e B FE R B ARG ME © ANIA) Bt » PRI R e RR o
B PO B RHSSCR ARG > T HIM B 5 heE ~ etk — RO E I AR R
BERGEEH, : ™ =0 JeH, 1 B = ORURRERG AR MERS AN B - MTHHFR 3 25k 5 Y
1~ ANSERHG R - AE 109 /KHE | > 5k 3 R S HAMEAEH, - B = R fiE
TR > R T SRR G e B R B FEE A PR L Bl L B HESCR M - AT > £E 1%
HEEKUE N » 55 3R S AR H, g™ = 0N ISR » BRI T b S Eh
FHES HIM (S5 BN LB RASeRIE - e > B BashesE (22) ~ (23)x » AARATE
3FELSH " xPtest(b) ) R » B 7 HUCEEOMER AN » AR AOHEAG AR R -
TEMCA SR UG ARACE » SRR S e e Bl B A B T HIM S5 &R
ATV R — RE B BB A EGRA -

etk > Al (24 BRI 35 0 9 B AT S A {181 0 B FE BRI B AR > W] A
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BRI RE PRI BIR: (A112R 3) » JReB bk e H A o AR A R BT A s
RURfERERE ) JE R  PEIRER IR E R BN 7% 1 HIM BRI B R A
e — RO BB AT SR « MBS 2R RE IS I 1R (A1 5) - 1
TERIERE e R Y P PR I A 1% — R B B L B RO 2 R i iEag )y - 11
AR - TDERR 3 LR E R S B R IR 5 AT HIMBR S
WB IR % — KO E BB RS [FIRLL wald testhg e A ka2
BB HIM FE 5Bl s B L BB R o 7 5 R AR A e B A
S AR JRRI F AT E BN RSB e — Y [RIERRS AL - T DATENs:
GIREMEQAEH » AL 3 £k 5 WLl " y*test(b), FR - 4F
LYGRRE/KHE T - PR PEARR AR, - s MR 8t v BB B D P I e 2 i
A HIM [EE IS AR ik i — R B BRI EER -

27



(F 3) 30 KHIWLEIEE 0, « B &l (univariate regressioR){i 71T (encompassing regressiéghijit(OLS)

N ¢ :8 " IB - :8 - adjusted R2 Durbin-Watson X 2 test(a) X i test(b)
Panel A: o,

67 0.000243 — 0.45971 *** — 0.47 2.33 208.2889 (0.0000) —
(0.00029) (0.0785)

67 0.000342 — 0.5134%** -0.1486 0.49 2.05 — 52.5563 (0.0000)
(0.000301) (0.0787) (0.1098)

67 0.001445 — — 0.3368*** 0.10 2.12 46.0595 (0.0000) —
(0.000221) (0.1157)

67 -0.000203 0.4102%** — — 0.53 2.34 624.3046 (0.0000) —
(0.000354) (0.0715)

67 -0.000133 0.4710%** (0,31 33%*#sk*% — 0.55 2.39 — 210.2404 (0.0000)
(0.000303) (0.0637) (0.1007)

67 -0.000228 0.4567*** — -0.1162 0.46 2.18 — 67.2100 (0.0000)
(0.000364) (0.0789) 0.1122)

67 -0.000117 0.4178*** (), 3550 ***** -0.2155 0.57 2.03 — 213.2063 (0.0000)
(0.000294) (0.0671) (0.0954) (0.1086)

i g B BV B mimpns e R SR AR AR SIS S TR (A HOM (2B Rk R E SR - e > ZEBUE

FEIIE - TS M HE e » LHIYER 1L White(19BOFHRHAISIE i K TR EBH R t EAFTEHEIEA - Y test@BRER H8 H, :a =0 and B =1(=MFHIM LRE¥IHz & -
X testbBEaaEEn H, ™M™ =1land BUE =052 H, 1 BV =1 and B"M = BYRE =0 et EMEHRATH/ MBI TG p-valuef - * - = - #* 3 BIFERIERTE K HES 10% -

5%~ 1% > MUERREIEEER(REUE AR 1o 7 -

s e BIZOTERRE /KYERS 10%~ 5%~ 1% MUEERETHEERRECE SR 0 -
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(F 4) 30 KHpy et SV, & B S 5lliF (univariate regressiof) &kl (encompassing regressigifijt:(OLS)

N ¢ :8 " IB - :8 - adjusted R2 Durbin-Watson X 2 test(a) X i test(b)
Panel B * V,
67 -0.000000143 — 0.3095%** — 0.52 2.78 297.0523 (0.0000) —
(0.00000111) (0.0785)
67 0.000000228 — (0.3543%** -0.1969 0.54 2.45 — 94.0746 (0.0000)
(0.00000107) 0.0792) (0.1549)
67 0.00000566 — — 0.2420%** 0.04 2.18 57.6555 (0.0000) —
(0.0000013) (0.1216)
67 -0.00000127 0.2116%** — — 0.39 2.76 1005.5900 (0.0000) —
(0.0000014) (0.0566)
67 -0.000000114  0.0020%#** (0,31 ] &4k — 0.51 2.78 — 969.0314 (0.0000)
(0.00000111)  (0.0491) (0.1165)
67 -0.00000158 0.2607*** — -0.2329 0.41 2.40 — 605.8224 (0.0000)
(0.00000183)  (0.0407) (0.1207)
67 -0.000000373  0.0464***  (.3094****** () 2259 0.53 2.44 — 899.5758 (0.0000)
(0.00000104)  (0.0591) (0.1128) (0.1640)
i g B BV B mimpns e R SR AR AR SIS S TR (A HOM (2B Rk R E SR - e > ZEBUE

FEIIE - TS M HE e » LHIYER 1L White(19BOFHRHAISIE i K TR EBH R t EAFTEHEIEA - Y test@BRER H8 H, :a =0 and B =1(=MFHIM LRE¥IHz & -
X testbBiEaaEEn H, ™M™ =1land BUE =00 52 H, 1 BV =1 and B*M = BYRE =0 et EMEHRATS/ MBI TG p-valuef - * - = - ** S IFERIERIE K HES 10% -

5%~ 1% > MUERREIEEERECE AR 1 o o~ oo

s e BIZOTERRE /KYERS 10%~ 5%~ 1% MUEERETHEERRECE SR 0 -
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(£ 5) 30 KHATCEH B In(o, ) « Bt SR (univariate regressiof) 4l &l i (encompassing regressigiji(OLS)

N ¢ :8 " IB - :8 - adjusted R2 Durbin-Watson X 2 test(a) X i test(b)
Panel C : In(g,)
67 -3.614256 — 0.4863*** — 0.30 2.16 113.9095 (0.0000) —
(0.8044) (0.1434)
67 -4.204779 — 0.5465%** -0.1473 0.30 1.86 — 15.2619 (0.0005)
(0.8956) (0.1555) (0.1028)
67 -5.269135 — — 0.1756*** 0.02 1.99 62.9053 (0.0000) —
0.7147) (0.1073)
67 -1.903341 0.8514 — — 0.36 2.12 257.7509 (0.0000) —
(0.7697) (0.1488)
67 -1.661246 0.6044** 0.2608**##* — 0.42 2.26 — 6.2311 (0.0444)
(0.6215) (0.1637) (0.1268)
67 -2.04108 0.9670 — -0.1156 0.36 1.97 — 2.3067 (0.3156)
(0.8606) (0.2138) (0.1071)
67 -2.211791 0.7140 (0.3459***%%x  _0,2438 0.44 1.87 — 13.9920 (0.0029)
(0.7408) (0.2067) (0.1258) (0.0957)
i g B BV B mimpns e R SR AR AR SIS S TR (A HOM (2B Rk R E SR - e > ZEBUE

FEIIE - TS M HE e » LHIYER 1L White(19BOFHRHAISIE i K TR EBH R t EAFTEHEIEA - Y test@BRER H8 H, :a =0 and B =1(=MFHIM LRE¥IHz & -
X testbBiEaaEEn H, ™M™ =1land BUE =00 52 H, 1 BV =1 and B*M = BYRE =0 et EMEHRATS/ MBI TG p-valuef - * - = - ** S IFERIERIE K HES 10% -

5%~ 1% > MUERPEEEER REUE AR 1 - o

L kkkkk

s e BIZOTERRE /KYERS 10%~ 5%~ 1% MUEERETHEERRECE SR 0 -
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e EEEE S R M A TE A B INIEAHTRAEILBE A Hansen (2001 2feta &
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(Il 2) 28X Chow test . iEEA(E
S ¢ ] BRI BT Chow test GRSk F s R (7 SRR 751 F-CHOW ] » [Brf
BRI Quandt'sifiaf i - 75 ILBEEIE Chow test R » BITATTHFS I AR R RS - BIRAYE
20034F 1 % 20084 7 HUAAZHEANIRIAT 4 5%k -

® R A R B R 0 - R 7163 Andirews and Ploberger(19GHE TS P
SR FIFAEFER 5 - BRIEELL Hansen(199 BRI 17123 51 p-value A I BEE 1 -
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feE 2 FTDURHIREE R A — R iR s B 56 ELBEAREE - BV 2007 45/\H - 1E
Quandt-Andrewdgiii [ » H F it R4S 19.34 B o ik Hansen(1997) 5154
2 p-valuefiif 0.0025 » 11 1 DR /K UE N BEE A AT AL RS MR R 2 R > RIS
ST MEIRF B RS Al re Vst B, » R ASCFHRYE Bai and Perron(1998Y /5 ik tala 2 il
REVERUET » (HAS LR BB 2 B AL R M, -
BB A SRy T E S T L B R A e AR R IR LR AR R I 2
RFBRO T ORRAS > 53R s R PRI BT A B AT RS MR B R B AR FE LAY
VR R SRR T A DA R < B BB > BT ETT(15)2

FEQH > FRAER 6 Fak 7> 5% 6 Rysb g Mis A< 30 RN A R Bl Ak il s
R BB AR - & 7 QU RGPt o 30 JRIIIAT R Bl B Ak s R 1 ) 53l
MR AR o TR B R A AT R T 56 (B AZHULE TSI > BR T HIM R
EEN A LY /K HE T B TEAG e e A1 > FLER AT A A B A Sl el el SR A

& o dEat TR A A R P B R TR LU HIM S5 R Bh EALS 7R A,
R S o [FIEIE I s ARG MR 11 ([SEARZ B TSI - iS5ty
5 LB HT5 R AT R AR AN ] © A Y * test(@) J7if » N ARSI R o
A FERENELS SR AT A HAS N ZIFAHIE - AT B B A s g Bl AN S ARk
BENE A At -

PR B A A B AR MR 0 > AG R R B R T A R AR T
DUARIE] » ESeAesk 6 S/ elliR = x * test (b)) MiH RGeS RAT. 1 DE7KUE NI
At T AG R MR - SRR S i WS o I B NI SRR L B P A R S B R A - i
e 7 28 iy test(b) S MUE RS RAT. 10%814 /K HE T AN » BRI 1 A5 h%
PERAETL > HIM (S5 Bl R AH S PR L Bl A B RHSSCR I HL o] AU i PR B Rl
TR o RS 7 Sl 20 x * test (b)) BiH 2 ASUE 5 FAT 10%83 K HE T HiE -
At T AGRE MR > SRR S K o R B P Sk ) S P A R SR B A,

R R TR TR 6 R 3k 7 ALl U AR R B o e B R A AR
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PN EEERAFR ST HIM BEIEEE AR — RO E B R &E AR

A (EAELE ] IR HIM B335 I AR R AR A A R M i i 2 1%
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H,:notH,
FHTEIER 6 2 T Si-telim=CEr Thal ARSI 7 1A IRAE 10%8E T8

fIEF% 0.4704) - JRRIFGAEIEREE TR HIM [E5 mmh S [ml R 35 P e S e Fa e e
H Skt — REEBENERYZGH - 18 Jiang and Tian (2008} R AFL A - FEEL
QUEE A B PefMImT 0l 18 > LERGRSMERARRNAT 56 (S b AL B R -
IMAERG PR R R 2 1L kR A - FP B sy DAL n] DAHEAT HIM 5 Bl
5 AR AN B R R TS DO - (HLERSGER AT — (s > RIRS R MR 12 2 AR
Ao AT REFE AR SERRHIANET o AR AR THURAS - WTLISGEAREIES - 4E

M [ i Bl PR RS R Ji A — Il PR 2 B UL A ST R A T B e il R P e
REJTE M LT HIM BZ b B AR N A ¥t — R E E BB R F 2 Btk
WIfERERE ST AT RR RS, - IHERE = > IR HIM 5 iR AR 5
TERRI G G o I BN I 1R — R BRI ATiE S &R AR Ll wald testiglin i
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A Y A 5 o i ARG - REI R B BT E B B R B ) —BkrY 5 [l
R AR BEARE 20 UE T AE 1Y /KIE T - EPEIE AR B (o
0)° ZRERE HIM (2 Bl B AR A A R AL 5 i A S R s e B 3 I BN T B etk — K
BB R EEA, - DN L P DTSRG R TR p O AR A - HIM (35 8 i B A R e
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MR > HREFTHBAIRS - SR ECE RS B R B HIM S5 B s B
SN BRI EIR A AR IR TR > IR HIM (S5 B ]
REPETT - (HAERIRIEE E RS o B i HIM 5 Il S s B L BB R B3
SAHURERRE S TR ARG R A R B AN  HIM e B L [A] Ry A 5 P49 1
PRI E R ke B R A A s 1 — R B RN A - WINEERT USRI - B RSt
PEEIBERTHRR A SRR AR R R AR A > INIESE S e T B AN > BRI
TEREEIENE L HIM (S B B BRI o By - (EAAam A 5 58
R E AR DL - ASCZ RN Jiang and Tian (2008)45 45 AT 5 -
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(< 6) Al EpEE T, 30 KHIPCA BT In(o?) FatEHl R (univariate regressiofi) 5 iz (encompassing regressigifijit(OLS)

N ¢ IB " IB - IB - adjusted RZ Durbin-Watson X 2 test(a) X i test(b)
Panel A * In@?)

56 -3.8555 0.4622*** 0.19 2.41 146.572¢(0.0000)
(0.7041) (0.1244)

56 -5.4650 0.6354*** -0.3975 0.29 1.82 30.180:(0.0000)
(0.8542) (0.1304) (0.1148)

56 -7.6521 -0.1655*** 0.01 1.97 105.851:(0.0000)
(0.7886) (0.1163)

56 -9.4526 -0.5889*** 0.05 2.10 394.338((0.0000)
(1.2866) (0.2598)

56 -7.3583 -0.8000***  (0.532Q%***** 0.31 2.17 68.540((0.0000)
(1.2272) (0.2340) (0.1201)

56 -9.3082 -0.5754*** 0.0108 0.03 2.10 34.468¢(0.0000)
(1.3196) (0.3428) (0.1545)

56 -7.1002 -0.5666***  (0.6341x+**** -0.2234 0.32 1.96 77.867:(0.0000)
(1.2552) (0.3319) (0.1291) (0.1589)

wm - =g B - I

o B'TE s R (R, - RS R A

REREREINEE - [ET HIM BEMENE &R ROVTEBRNENRE | N B ot
BT A - FRTR > B R/ NS TR SR e » ML White (1980 I TE /71 2 FMHEE R (AR t{ERFTR BN -y test(@BigE 8 —ERH, :a =0 and

B’ =1(=MFHIMLREYy8 -y testbBiEmaERH, 1 ™ =1and B =0 sz H,y 1 B =1 and B" = BYFE =0 yiiat i + 743 HEAT A/ MBI - 517 p-valuef -

s R SIRIFORTERE/KYER 10% - 5%~ 1% T » MUE R EEIR REUE B R 0

oo DRI KR 10% - 5%~ 1% - WE FRSIREIH MRS 1 o o o
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(F7) Al EEE% o 30 KHTPCA BT In(o)) Bt SR (univariate regressiofi) 5 iz (encompassing regressigifijit(OLS)

N ¢ :8 " :8 - :8 - adjusted RZ Durbin-Watson X 2 test(a) X i test(b)
Panel B * In@?)
11 -0.2077 1.1234 0.50 3.03 34.633(0.0000)
(1.2467) (0.2580)
11 -2.6345 1.1229 -0.4468 0.48 2.41 2.7735(0.2499)
(1.9590) (0.2524) (0.2804)
11 -7.5199 -0.3555%** -0.07 1.33 27.2767(0.0000)
(1.4733) (0.2768)
11 -8.6956 -0.7253 -0.04 1.61 48.320¢(0.0000)
(5.0760) (1.1393)
11 -0.6430 -0.0855  1.109Q%+**** 0.43 3.01 24.722%(0.0000)
(4.3336) (0.7994) (0.2901)
11 -9.0209 -0.5632 -0.1805 -0.18 151 5.632¢(0.0598)
(5.0058) (1.7064) (0.6071)
11 -0.3983 0.6337 1.2487*xxx* -0.6539 0.43 2.22 22.6432(0.0000)
(4.9644) (1.1323) (0.4075) (0.4683)

sam : g B BN L BYE mimpma b s (R - SR RO IS S TR  (E7F HIM I8 SR R — KD BB | N SRR SR
T R - St BT 00/ MEINE - IR S B HERRE R » HEE L) White(LOBOFRIRIIIETE f7 ik AR MR (RIUN LB R BT - Y test@BEHM SEB H, 1 a =0 and

B = 1(=MFHIM LRE}#iH5 - x°testbBfpEmammiyH, : f™ =land f75=0- 52 H, : M =1 and ™M = BFE =0t - fEffiat B J/INEIVE » FIR p-valuefd «

£ DRI KR 10% - 5% 16T IRGE BB RRUE TS 1o v oo
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