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8, 4UXAN PEARTRBEALDRTAKAS AL, AP Smith YR £ 4FFSEH
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An Empirical Study of Stochastic Volatility Diffusion Model of
Short-term Interest Rates with Markov-Switching

ZHENG Zhen-long LIU Xiao-shu

{Department of Finance, Xiamen University, Fujian Xiamen 361005, China)
Abstract: In this paper we empirically study the dynamic behavior of Chinese short-term rates using
stochastic volatility diffusion models with Markov-switching. Unlike previous studies, we estimate all
the parameters using a Gibbs sampling-based Markov Chain Monte Carlo algorithm. We compare the
in-sample and out-sample forecasting abilities of these models and find that there really exists Markov-
switching phenomena in the dynamic behavior of Chinese short-term rates and the Smith model is the
best for forecasting.
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0 5iW

BT (short-term rate) M FBT H R E EWRIEHAMEFEER MR, X
200 ) B SRR 254 3 S B AU AT 1B S e R IR M R A X BRI AL A 7 AL, i
BB ST T L ABEYLNS 772 (SDE) SRR FI R Bk, B, BREFIRR
ME SDE HYERE M FEi S FRREMME TG ERRE. B2, MBSk
515 SDE {EBE R, Vasicek!!! #H TH 2 Ornstein-Uhlenbeck it #fy Vasicek ¥i%l; @At
Vasicek Ay lET % SDE My FE 8T 7E TiE A b,

{HREF 1992 4 Chan SH T B, SRBHHR AT L IER HERAT ) RER A B
3%, Chan %321 7 CKLS #i{A.

dry = (a + bry)dt + or] dW,. (1)

B X 2008 527 B 15 H BB 2008 410 A 16 B
ESME: HEFHULRFASIRITY. HFFAHMARMERTE “SRNERITELHTH
7 (053JD790026) F1%TE].
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XE dW, BIZERABIES). X XE, 5 S TIEFRLE T —RARE FEHTR
By AR, R LR 3RS A A U S v TE KRR B ) K - U

Wi)5, Brenner % Bl sSiE R IR AAKTHN (BIFIHREHERRHEKFREH W
GARCH MR EREA X R M MARAE T, #—5, Taylor B sh&
BN ZH 2% T RENTA RS GARCH BRI SR AR M4 (S 3R) B3 BriKsh, M
Ti$RH TREHLIE 3% (stochastic volatility) #5%, Anderson 5 Lund®, Ball & Toros!® it
PIERF I R B RA K TR B Sh780R B B ) SRR . GARCH iSRRI R AL E ST,

Rit, FRARGESLIERFRER, EXONETFEAFRGEHRAERROFEE.
i1, Anderson 5 Lund® & BIFEHESHN 0.98, i Ball 5 Toros!®! KBRS ¥ N 0.928,
HX—ARUBBEZ —&: MEFESHELATRALC RN, ZAEHERS AL
SHSEBEAIRK ), Litterman % (1, Brown 4 Schaeffer!®) & 4 i Bit F R SH B SR
MR MR MR, EHil, FEESEUE RSB R il LA TR .

A, TRFEES R AR RR SRR ERAN RGO SREFHMEE. £CHH
B ERSHRAFREIREWBE D, Ang 5 Bekaert') FRR KBRS HERUBEH B ES
YO R A BH B 5 Ik SRR R R R R FTE IR R R Ang 55 Bekaert!!!]
RIAF RS RERRE RSN H LB RSHBR TR EE SR, Smith"? ZEFIFAHEE 30
R EFA BB FI R 3 BT AR IR 6 B sl LI 3h 3R ity — v AR AT Hb 20 i
%47 ; Kalimipalli &5 Susmel*3) U % 30 m B R BEHL B 3 7 BA K V- H FBE 5 48R
BHEXSH—REE X, B4, DRTRREERIELSE SR EEB M GARCH KH
Bl BUARSEEALE R RAER L FOR S5 ARCH SR TidkeA R AR E R IFHE
BL; Hwang 5 Satchell) NI H T F H/" XM D/RT RREEHRMEVLBEE, £EEEHEY
FRITEFEANTA.

AXWTEBMEELTIEFR AL AESERZE FERNHEDSEMOHEE. BT
TR FARZS BB LI Shat BBEREIEE IE % R 255 71 B S B0 B3 R BUR 1T R XA IV iy
FEREKEHSHEHEHRED, T REEFRELTHERESFEMRTHRR, ENE
RBA BB, A SOk SRSV SRR (SSV BIA) 1B 5 HAES FIBFA Smith 41
A, Kalimipalli 45 Susmel #ZIf Hwang 4 Satchell %, AR A P EBNFIREEFER
AEBEN L R MR RA TR RN SRS .

BETRNOXENEANT: EWMMEHIREAB SSV BAL, Smith A, Kalimipalli
5 Susmel BIAIF Hwang 5 Satchell BIA; SHE=HAMADRIARERE T ik (MCMC)
SHER ST, SRS BAR R HHIT BERAE 5T,

1 R FIERE
1.1 BREBEVLERINE
Ball 5 Torous!s! & 4E#HH T MM, HEBHELILE:

Ty —Ti—1 = a+ bry_1 + or]_ €8, (2)

Ino} = p+¢lnol | +n, 3)

He e ~ 1id.N(O,1), e ~ 11d.N(0,07). K (3) FREFLTHI n RIET WSIERBIREHLOF
.
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1.2 Smith #i%!
Smith*? YEENLIE M D /RA] FRSH G & E— BB HRA.
Ty —Ti—1 =a+bre_1 + o7&, (4)
Ino? = p,, + ¢lno? | +m, (5)

KB pg, = a+B(se—1), s = {1,2} H prob(s; = 1|se—1 = 1) = 0y, prob(s; = 1|51 = 2) = @z,
1.3 Kalimipalli 5 Susmel #{%!

Kalimipalli & Susmel & 13 5 Smith"? BBRKGREZ SEFHEHEKTRT 54
BPREHE KINE SR —HIREH %, B

re—Ti—1 =a+brey +U7'Z_15t, (6)
Ino7 = pg, + $(In 07 ) — ps,_,) + - (M

1.4 Hwang 5 Satchell %l

Hwang 4 Satchell'¥ 7F Kalimipalli 55 Susmel BRIZERE {2 FEHLIE 3y B iR B 54
SH%, B
In Utz = pis, + ¥(In Utz—l = phs,_y) + Mty (8)

(¢ mBe=1 _ [ NOok) s =1
RE ., {¢0, migs, =2 > Mot {N(O,og,,), Mmis, =2

2 BESABSRAIT

FELERFRA, RICFRANABSIER LHESR LR 7 XE ARG HBEN.
HBEH 200248 1 A 4 B ZE 2006 4F 12 A 26 B3k 1202 M5B, T RREARRESL, BT
BURT 1052 MERMEITEEISY, 5 150 NMEEAVEREASBIN. t TRIRREMRTIER
BRI RREEET R, TREMRIHRTHESRHBRRBRY, RS EET A,

WL SRR ST B EBAT UEMGTE (GMM), BLUREHREAEN: (QML)
5ORA[ REFEFF R (MCMC) %3, GMM AMUGTEBATTHE S, FIERTY IR
A XXEREIA GMM BRIt & DR RSB A REHL B sh B, QML SR E
g BitE R/, HEM MCMC ML, SRR A8, REETELEREYLSE SRR
BETEHE W R AR SEN T EH ES B log-x? LA,

H RN A MCMC Fkk#tfr S3ubit. biT 4 MRREGRUNER, RITXEY
Smith A 44, #E& MCMC {4t R E¥. M Kalimipalli 55 Susmel #i7%] 13 R—, #&
148 e MIELBTHIREVIE R, T Kalimipalli & Susmel B8 B3 L rp — vy — (a + br1)
fEXTTRER T HIREYIAER, rooy EAIMER R, XARMEE, £ Smith BASRNE
WMME R = {r1,r2,+, v}, BEMLHWESEEE 0 = {a,b,7,0,8,01,00,01} 5HFH
X ={X1,Xa,--- ,Xn} = {logo?,logo?, - ,logo%} M S = {s1,82, - ,sn}. 7E Bayesian 4}
&, BESREHIER2 S, A RAEMYAE R, R Bayesian 3, K1 {0, X, S}
HBA G R EE RPN RN

f(6,X,S|R) « f(R|X,0)f(X|S,06)f(5|6)f ()

Al 9
o f(0) x w5, % f(X1]6) % H (Ps;_lsg X f(Xe|Xt-1,0,8¢) x f(relre—1, X3, 0)).

t=2
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LI MCMC B BRI EERHA B, —XKBRE Gibbs ik, H—H R Metropolis-
Hasting #i#¢. Z3CRHFE Gibbs ke fl Metropolis-Hasting fiFERY 1, L BRER

(13],

®mﬁﬁ{’t 007 XO,SO;

@ﬂ# 0i+1 ~ f(0i+1,Xi,Si'R);
@jﬁﬁé X;'+l ~ f(X;'+1|9i+1) X f(X;'lX{“,O"“,rs!_',);

® Xti-H ~ f("'thtHla"'t—la ei+1)f(X:+1|Xtitia S:’ g+t )f(X:+1|X:+l, Sév 9i+1);

@}m# 3§+1 ~ 7ra:+1 X Pa;'“a;;

@fi#E sit! ~ f(XZHIXtitll,S:H,oHl)Ps:t}a;'“i

QHZFEIQ®, HF /R REKHA L.

SYUMEHERSAWT

1 SSVHESHhITER
HE | R | MCREE BEERE Z- itk p-fi

v | 0.0150 | 0.0853 0.0040 (-0.1593, 0.1815) 1.62 0.1045
7 -2.29 0.3236 0.0101 (-2.96, -1.71) 1.84 0.0656
¢ | 08130 | 0.0251 7.48E-4 (0.7615, 0.8597) 0.5889 0.56558
on | 114 | 00716 | 0.0015 (1.01, 1.28) -1.70 0.0889
a | 0.0021 | 3.05E-4 | 1.99E-6 (0.0014, 0.0026) 0.1589 0.8737
b | -0.1148 | 0.0168 1.11E-4 | (-0.1482, -0.0821) 0.2284 0.8193

& XEEFHEN 95%, Z-score & Geweke it BEARRR T/RTTRERTUN,

p- HRHNE p .
¥ 2 Smith HESHMHHER

WE | R | MC % BEXE Z- gtk | p-{H

a; | 0.8270 | 0.0399 7.59E-4 (0.7387, 0.8953) -1.47 0.1401
oz | 0.0519 | 0.0138 | 2.75E-4 | (0.0294, 0.0832) 1.01 0.3081
v | 0.0052 | 0.1065 0.0162 (-0.1999, 0.2098) 0.1913 0.8482
B | -203 | 02705 | 0.0126 (-2.58, -1.56) -0.5313 | 0.5951
a -3.75 0.6118 0.0307 (-5.03, -2.69) 0.1374 0.8906
¢ | 05650 | 00718 | 0.0037 | (0.4251,0.6853) | -0.1896 | 0.8496
on | 07765 | 0.0921 | 00026 | (0.6003, 0.9636) -1.57 | 0.1149
a | 0.0025 | 3.30E-4 | 3.81E-6 | (0.0018, 0.0032) 1.55 0.1202
b |-0.1370 | 0.0176 | 1.84E-4 | (-0.1723,-0.1029) | -1.50 | 0.1335

¥ 3 Kalimipalli &5 Susmel RESH AR

¥ | R | MC B BEERE Z- %tk | p-fH

o1 | 07157 | 0.0572 | 0.0010 | (0.5981, 0.8211) | -0.18960 | 0.8496
o2 | 0.0191 | 0.0046 | 8.62E-5 | (0.0110,0.0293) | 0.58895 | 0.5558
~ | 0.2588 | 0.0782 | 0.0037 | (0.101, 0.4111) | 0.59624 | 0.5510
B | -524 | 0.2957 | 0.0039 (-5.83, -4.67) 1.57 0.1149
a | -5.33 | 0.6467 | 0.0274 (-6.60, -4.06) -0.1315 | 0.8953
¢ | 0.8883 | 0.0210 | 2.87E-4 | (0.8444, 0.9271) | 0.6244 | 0.5323
o, | 0.7031 | 0.0589 0.0011 (0.5923, 0.8246) 1.63 0.1011
a | 0.0022 | 2.56E-4 | 2.55E-6 | (0.0017,0.0027) 0.1913 | 0.8482
b | -0.128 | 0.0139 | 1.38E-4 | (-0.1555, -0.1007) 1.23 0.2157
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;™ 4 Hwang 5 Satchell EABHLLITER

HE | R | MCiRE BHXH -k | pfE
a1 | 0.8549 | 00269 | 6.39E-4 | (0.8037,0.9094) | 0.0136 | 0.9891
az | 00362 | 00069 | 1.32E-4 | (0.0225,0.0496) | -0.4375 | 0.6616

v 0.2720 | 0.0709 0.0032 (0.1299, 0.4008) 1.84 0.0656
B -4.34 0.2060 0.0033 (-4.74, -3.93) 0.7649 0.4443
a -6.63 0.5973 0.0254 (-7.83, -5.54) 1.55 0.1202
¢ | 0.8370 | 0.0450 0.0012 (0.7398, 0.9157) 1.63 0.1011
¢o | 0.8351 | 0.0450 0.0012 (0.7398, 0.9157) 1.63 0.1011

onq | 0.6694 [ 0.1189 | 0.002571 | (0.4534, 0.919) | -1.85005760 | 0.0643
on2 | 0.4593 | 0.0846 0.0026 (0.3004, 0.6337) 0.9292 0.3527
a 0.0026 | 2.83E-4 | 4.39E-6 | (0.0020, 0.0032) -1.04 0.297M
b | -0.1455 | 0.0151 2.39E-4 | (-0.1756, -0.116) 0.9421 -0.3461

AR 1BIR A BRNTTUBED R o 71 b HR/MNFE, REEA THRHEZERE/D, WA
BEEEAWERFXES, BbE—SRELTUIAAENREEN . —BW. KITLREE
HER T BEELTEMRE TN 14, RI1F 27 Smith #A | Kalimipalli 55 Susmel
#%l Hwang 5 Satchell BiBIdr, Bi%l 1 - 1 RAKTRE 2 - 2 REFKIRKHEE, B
W, E—ERE LT IHANFE Smith #LA | Kalimipalli 5 Susmel BB . Hwang 5 Satchell
HATHEERSHBRIAR. WHt, BTFIIANTERTFREFHER, Smith HRAFEEE R
R 0.565, T7E SSV BRI ZRYCY 0.813, X—Z5RM Smith(? BRI LH—F, HE
#11&F P Kalimipalli &5 Susmel #Afl Hwang & Satchell BRI 2ErE REGHE A BED
., HH—ATIEER B RE Y Kalimipalli 5 Susmel BRI Hwang 5 Satchell A% d ik &)
EANGYRREF XM A SRS E X, HEEFREREHFH—EHFE.

3 MBIEBEEHMF

FIrRBBN SRAEIW T EERER, RITXETERAENRAN MAE (#XHR
EVH#{H). MRSE (V- 7iRZHHE). HE R? AR EHIKEH LL.
BRITEX re — 141 - (a+bri_y) =resy, XH resy = O'tTZ_1€t-

Hit,
N
MAE = — Z rest \/rt 1 Otje— 1|
t=1

N :
MRSE = NZ res? — 27 1at|t D%,

R2=1- '11\72 1(Utlt 1ri_y = [ress])?

2 b
N Zt 17€es;

N

L= - Z logrest log(r2_ 1"t|t 1))
XEN ;%#ZFV‘JEE##S%&EA&, Oye—1 FNFE ¢ RAIFFEDIA A F BT ¢ + 1 B2
BEShEAHIW .

XF oyp—1 MBIRRAIIFEX ERA Kim'® 38 f—Ff Kalman 383 15,

BHE, RITAIARLRE 2) WBRIEHEE. £ Y: =logres?, X, =logo?, NIFM HRE
A

Y; = Xe +2ylogri_; + logef. (10)
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BT E(loge?) = —1.2704, Var(loge?) = "72, Harvey, Ruiz & Shephard6! | T IEA S
€ ~ N(-1.2704, %) S UAE loge?, #

Y = Xi + 2vlogri—1 +&:. (11)

BAEW o0y MEESN Kim!!%  Smith(12l fl Hwang!*4,
FERIE M MR RS . B 5. % 6.

x5 HANERZRAENM

R? MAE MRSE LL | ¥R
SSV 0.2327 | 3.33¢-005 | 2.07¢-008 | 9.06 | 2.56e+003
Smith ## 0.3003 | 3.34e-005 | 1.98¢-008 | 10.89 | 2.75e+003
Kalimipalli & Susmel #% | 0.1294 | 3.50e-005 | 2.03¢-008 | 145.17 | 3.24e+003
Hwang & Satchell 87 0.3042 | 9.47e-005 | 2.14e-008 | 164.44 | 2.72¢+003

® 6 BASMREZARE ST

R? MAE MRSE LL
SSV A 0.2703 | 4.547e-005 | 2.09¢-008 | 7.95
Smith %l 0.3529 | 4.43e-005 | 2.04e-008 | 7.88

Kalimipalli 5 Susmel #%{ | 0.1663 | 4.92e-005 | 2.11e-008 | 121.56
Hwang 4 Satchell ${#] 0.4054 | 1.10e-004 | 2.26e-008 | 136.23

RITATK 5 MK 6 #4747, W\ MRSE BEERE, £ MIBEMNAM, HEN R K
¥%& Kalimipalli 5 Susmel BB A% R? RUBHMBHRH/MREE; TN MAE fIBEX
%, Hwang 5 Satchell B{{#) MAE LA N T RERIMEEHMREKX; N LL ABEKE,
Kalimipalli &5 Susmel ${%l 5 Hwang &5 Satchell BIARAIEH A, EWE ¥, Smith MR
W, ERAENTBINAE T HBET Smith HBAF M ER L SSV HASF, =845t Hwang 5§
Satchell BURIARLF, WA fEHPRE Kalimipalli &5 Susmel BIRIZRSF; HCIRLERERASI BN
Age e BT,

RNVEFXE Smith BIARARLF, SSV HEARZ . Hi FRERABNNLETMrER
B/, RITTHEBRBORE FEORMASEIRIAE S, & T Smith fIA 5 SSV BBFEK
EXR, BTN IFHMEEIMCUR LR . HAURH K 3784, AT x3 95(3) = 7.8147,
LR SSV IR B B ¥4, (IF: Kalimipalli &5 Susmel #$i%], Hwang 5 Satchell ] 5 Smith
BA, SSV IAIREEEBRERR, HHATEEEFEAURAL#ITHEARR). Wb, RITTUAH
Diebold & Marianol” & 4 3 S¥ Wilcoxon K1, kR

S —-025N(N+1) D
N(N+1)(2N+1)

24

N(0,1). (12)

BE, 5 = T, Id)Rank(id]), 1) = { 0 JEH >0 o BRAHHBAM HAUHK

BRmiREZE, B HERNRAEEFATN Wilcoxon LHHRIEN —55.80, HAIHR
Wilcoxon i+ B{HA —20.45, R Smith B Y SSV BRI &AM R WMEERF
ER.

Hit, RIOITUBLSER, F—, PEARTHRLFEDIRTRREEHRAR; B
—, Smith BB EE SR & P @A RIHTTH.
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4 w5t

AR MCMC st WRMERI S JHAT T 153, XRERNBIRENET AN SE
S, RAEARETEGHEFEDRTRREREAR, X—RRMFE—THRB
THEMRGT G BARERE, F—770 BT BRI 3RZ 58 i m.

REHJARWFE, HHE (L) mRENSERREN K SWRAE. MAERS
LR FAREHBAE R R H TR (5 4) =02 SEHRER BB
[ &,
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