17 3 Vol.17, No.3
2009 6 Chinese Journal of Management Science June. ., 2009
:1003 - 207(2009) 03 - 0040 - 07
2
(1. , 361005 ;2. , 361005)
) ., Smith(2002)
7 , 7
[ ; Kim
:F224 A
1 Lamou-
reux & Lastraper (1990) Chapman & Person
(2001) ,
, [8,14] ,
Vascek (1977) CIR Cai (1994) ARCH
(1985) CKL S(1992) , 3
Ait-Sahalia(1996) )
, 1979-1982 “ » 6]
Gray (1996) GARCH
[7.9,16] ,
[1] GARCH ) )
1 el smith(2002)
7 [15]
( ,2006) 1! ) '
, Brenner
Andersen & Lund(1997) Bal & Torous(1999) (MCMC)
CKLS 22 '
ARCH/ GARCH Smith a5,
’ ’ (12) Benito et a. (2007)
:2008- 12- 30; :2009- 04- 15

(2979-), (),

[4]



3 .41 -
(2000) Vascek dre = (r.1 0) dt +0(re1 0) dW. , M (re,
, 8) o(r.19) , Wi
(2] (2002) M (r.198) 0(re1P)
{2l Ait- Sahalia(1996)
(2004) Gray GARCH M(re10) =0o +01r.1 + aris +
30 : arch 0(r1P) =0cifs :
) Ait-Sahalia :
: Ary =Oo +01r.1 + @it + afit +0cif £ £
el (2006) GARCH iid N(0,1) (1)
- Ari = re- re1 O P
GARCH p#£0, xt = In(r.
' -Oo -O1r1- @fi1- arc1)’ , h =1nE?%)
(2006) CKLS AR(D '
xt = her + DIn(re1) +In€d) (2)
! ' hh = u+@he1 +01¢ N iid N(0,1) (3)
o € N ,In€?) 1
’ , -1 2704, ”—22””, & =
: (2006) In€?) +12704, (2
7 Xt = her + PIn(res) - L 2704 +&, , E€) =
CKLS , CKLS -
(2008) Ovark) =7 “
Vasicek 3 @4
Smith(2002) (3) u
' , [22] ’ ’ , ’
(2008) CKLS bootstrap u,p Oy
, CKLS ,
, 01 )
CKLS (231 logistic , :
Smith hh = u +@jher +04 Ne,j = 0,1 (5)
7 .
' ps = J | s = j,ka) =
AT .
, Smith 1 fxgxtl%@i +7{iflt)-1) ] =01 (&)
(1) Ait-Sahalia e ={rea,rez, -+, r}
(1996) (2) , A\ =
, 0) , p(ss =0| sc1 =0,1c1) = p  p(s=1]
(3) ss1=1,11) = ¢
logistic A #£0) (4 (5 (6)
h
2

I't

Kali-

mipalli & Susmel (2004)



2009

.42 .

, Kim

Kim Kalman Hamilton
hih = E[h| s = i,51 = j,lc1] , hjes
= E[h| s =i, lci], P{ = E[(h - h{)? | s
le1] 5 Pher = E[(ho- hyed)?| s =

=i,8%1 =],
i, le1]
, Kalman
ht(|i£-j)1 = Ui +(pih{-l|t-l , Pt\ltj)l —(Pizp{-1|t-1 +0r12,j

2
ht(llfj) = ht(|l£-1)1 + F’qI ;2 1 ( Pt|t 1+ E) (X: - Xt(|t) ,

i i i i, T[2 - ij
Pt(|tj = Pt| D - Pt| 2 (Pt| ) +E) 1P’§|f-1)1

, Xt(|ltj)l = ht|t 1+ PIn(re1) - 1 2704

,Hamilton
1 1

f(x| le1) = Z _Zf(xl § =i,81 =],l1) Xp(s
TR

=i| s1 jle1) X p(s1

ps =j,s1 =il I

f(x|ls =i81 =j.la) Xp(s =i.81 =j| lei)
f(X[l It-l)

p(s = j| 1) = ‘Zp(s = j,s1 = 0] 1)

f(x | & = i,s%1 = j,ll-l) =

(ZTVqt-l)-OseXp(- Zt\t-llzvqt-l) ,Zt|t-1 = (x -

o o 2
Xt(||£-1)1)2 Vi1 = ( Pt(|lt'-1)1 + E)

7 Kl b e i 1 48 AT 1

\‘)‘N. 2000 2004

7 K EMLFAER 251

n
2004 2008

~2 4
996 2000

1 1996 1 —2008

hy ¢

A =

10

3%

,Kim :
_ Z?:op(s =i,s1 = j| 1)WY
p(s =i| 1)
S oP6 Zisa =] D + (- /YY)
ps =il I

f(th le1) ,t=1,2--- T,

10) = zllln(f(xq le1)) )
Kim
p(s:jl |T) th Pl|T

Kim & Nelson(1999) *

7
, 1996 1 2008
, 154
7
1 , 7

1996 13% 2005 10

L5% , 2008 10
1996 1999
2006 2008 10 7

7 Rl AFfs R R E 1M

10

7 KA fis 385y B 51




. 43 .

3
1
(o) o1 oo a3 ARCH-LM
0.8847(1 4382) - 0.3359(- 2 2310 " %) 0 0212(2 3284 **) - 0 4345(- 0. 6029) 13 4834
Loxx 5%
(1) Engle ARCH-LM
, White (1980) 5 ARCH/ GARCH
(heteroskedasticity-cons stent , 5%
covariance matrix estimator) ARCH/ GARCH ,
[18]
t 1
2 t
u 9 of p likeli hood
- 0.6028(- 32541"" %)  0.9233(3 7438 ") 0. 6839(1 9836 * *) 0 - 354 76
- 0.9349(- 59230 ") 0.9047(4 5532 **) 0.8499(2 0162 " *) 1 2160(6 4129 " * ") - 352 61
Dor oo 1%
2 p=0 p (0. 8739 ,0. 9260) (0. 8574 ,0. 9379) , 24
(0] , t 1% 4 , 2 ,
, LR , ;
5% ,
Qo @1 ,
p = 1 2160 34 p 1
L 3
¢ p , ,
l 1
—P[St=0ISt—1=0
~P[St=11St-1=1
| V uong(1989)
4
: L ;
X V = nZ(Ln' Ln)/wn —>N(0,1) y
0.82 L " " o " N "
20 60 80 100 120 140 2 1 «n., fh8o> [
@m0 Sl Ty Sl
2 4 Ly, LS 4,13 4
3 1
t 1 P=0 : V uong (1989) [*"! VvV =
2 p=0 : 3 p 6. 9652 , p = 0. 0000 ,
b 4 p
,IJO y (pO



. a4 . 2009
, , (of: : 3 4 LR 10 %
M1 , , 5%
: o% 12
34, LR 5% ) 4
3 t
1 2 3 4
Bo 5 0836(7. 2149) " " 1 4402(2 5880)  *
Ao 0. 0183(0. 3728) 0. 0999(1 1064)
B1 - 13250(- 28323) """ 1 6841(2 9056) " * *
A1 1 3419(1 5793) 0 1822(1 0668)
P Q 8739(7. 1139) * °* 0 8574(5 1364) **
q 0. 9260(3 1893) * " * 0. 9379(4 5883) " *
Ho - 35087(- 27258) " - 54742(- 41867) "°° - 6 7797(- 3.1759) *°* - 7.8602(- 9 7400) " "
1 - 0.5490(- 1 4913) - 13011(- 1 6476) ° - 1 6674(- 2 3803) *° - 0 8154(- 1 7030) *
®o 0 5060(2 0106) * 0 2874(1 6145) * 0 2079(1 5077) Q 1068(0. 6924)
N 0. 8324(3 0091) ** 0. 6793(3 0195) " * * 0 6942(2 5482) " " * 0. 8349(4 8439) " " °
o4 Q 9695(4 2193) * *° 0 9164(5 9219) " * * 0. 9839(4 1707) " ** 0 9742(5 0592) " * *
o 0 2806(1 3565) 0 6228(2 4151) * * 0. 4974(2 8051) * " * 0.386(1 7287) *
P 0 0 Q 7118(3 6041) * *° 0 7566(2 2573) *
Likelihood - 349. 54 - 348 13 - 346 61 - 344 10
* 10%
. 7 , 3 2005 2008
s (R T T e N T T g ] 10 .7 ,
0. H 4
"('fi !-E‘. J , (
0.25 # Yo o ")
0.2 4
01541 | 20 10
0aghA
0.0¢ 3 4
1% 08 20 00 208 000 e ,
3 1
3 Pr(S =  CPI , CPI
o I+], 1999 8 2005 6 88 %, CPI
(high regime 102%,
probabilities) 1996 1999 6
( )
l —
! 09
, 1997 5 1999 6 2 08t
0.7+
6 i 0.6
05F
, 1999 8 04}
1999 8 2005 ool
(low regime probabhilities) , 7 0.1
2 q(ll) r‘ll{ 2000 Z‘IN 'J‘ll» 208
4 Pr[S = 0| I7]




. 45 .

4
Smith (2002)

7

Smith (1)

Ait- Sahalia (1996) (2)
(3

, logistic
(2004)

(2006) (2006)
, GARCH

1999 8 2005 :

Pr[S = 0] Ir]

[1] Ait-Sahadlia, Y.. Testing continuoustime models of the
spot interest rate[J]. Review of Fnancial Studies,
1996, 9: 385 - 426.

[2] Anderson,T. ,Lund J.. Estimating continuous time sto-
chastic volatility models of the short-term interest rates
[J]. Journal of Econometrics, 1997 ,77: 343 - 377.

[3] Ball ,C. , Torous,W. . The stochastic volatility of short-
term interest rates: some international evidence[J].
Journal of Finance,1999 ,54: 2339 - 2359.

[4] Benito ,F. ,Leon,a. ,Nave,J.. Modeling the Euro over-

night rate[J].Journal of Empirical Finance, 2007 ,14:

756 - 782.

Brenner ,R. , Harjes, R. , Kroner , K. . Another look at

model s of the short-term interest rate[J]. Journal of H-

nancial and Quantitative Analysis,1996 ,31: 85- 107.

[6] Cai,J. A.. Markov model of switching-regime ARCH
[J].Journa of Busness & Economic Statistics,1994,
12: 309 - 316.

[7] Chan, K. , Karolyi , G,Longstaf , F. , Sanders,A.. An
empirical comparison of aternative models of the short-
term interest rate[J]. Journal of Fnance, 1996, 47:
1209 - 1227.

[8] Chapman ,D. ,Pearson,N.. Recent advances in estima

(5

iy

ting termrstructure models[J]. Financial Anaysts Jour-
nal ,2001,57: 77 - 95.

[9] Cox J.C. ,Ingersoll J. E. ,Ross,S. A.. A new theory of
the term structure of interest rates[J]. Econometrica,
1985 ,53: 385 - 407.

[10] Gray,S..Modeling the conditiona distribution of inter-
est rates as a regime switching process[J]. Journal of

Financial Economics,1996 ,42: 27 - 62.

[11] Harvey,A. ,Ruiz,E. ,Shephard,N.. Multivariate sto-
chastic variance models[J]. Review of Economic Stud-
ies,1994 ,61: 247 - 264.

[12] Kaimipali, M. , Susmel, R.. Regime Switching Sto-
chastic Volatility and Short Term Interest Rates[J].
Journal of Empirical Finance,2004 ,11: 309 - 329.

[13] Kim,C. ,Nelson,C. . State Space Modd s with Regime
Switching[ M]. Cambridge ,MA : The MIT Press,1999.

[14] Lamoureux ,C. ,Lastrapes,W. . Persistence in variance,
structural change and the GARCH model [J]. Journal
of Busness & Economic Statistics,1990,8: 225 - 234.

[15] Smith,D. R. . Markow switching and Stochastic volatili-
ty diffuson modes of short-term interest rates[J].
Journal of Business and Economic Statistics, 2002, 20

(2) : 183- 197.

[16] Vadcek, O.. An equilibrium characterization of the
term structure [J]. Journal of Financial Economics,
1997 ,5: 177 - 188.

[17] Vuwong, Q.. Likelihood ratio tests for model selection
and non-nested hypotheses[J]. Econometrica,1989 ,57 :



2009

. 46 -
307 - 333. [22] , .
[18] White,H..A Heteroskedasticity-Consstent Covariance [J1. ,2006 ,(6) :1- 5.
Matrix Estimator and a Direct Test for Heteroskedas [23] , , .
ticity[J]. Econometrica,1980 ,48: 817 - 838. [3]. ,2008 ,16(5) :17 - 21.
[19] [24] : , . [M].
[3]. ,2004 ,(4) :65 - 70. ,2000.
[20] , . — [25] .
[3]. ( ) ,2006,(2) : [J]. , 2002 ,20(1) :20 - 23.
511 - 532. [26] , .
[21] . [J]. ,2008, (1) :59 - 64.
[J3]. ,2006 ,(11) :82- 91.

Mar ko Regime Switching and Sochagtic Volatility Model
of Short-Term Interest Rate in China

WU Jilin' , TAO Wang sheng?
(1L Wang Yannan Eonomics Institute ,Xiamen University ,Xiamen 361005 ,China;
2 School of Economics,Xiamen Universiyt ,Xiamen 361005 ,China)

Abstract : In view of nonlinearity , policy impacts, big volatility and possible structural changesin Chinese
short rate ,this paper extends the Markov-regime switching and stochastic volatility model proposed by

Smith(2002) and introduces nonlinearity to drift and markov switches to all coefficientsin stochastic vola

tility equation Usng Chinese 7-day interbank offered rate data, wefind there existsobvious nonlinearity ,
regime switching and level volatility effectsin the rate ,and obvious volatility persstence reduction after
taking the regime switching into account. Additionally , high-regime probabilitiesimply high volatility and

high inflation rate, low-regime probabilities imply low volatility and low inflation rate
Key words: short rate; Markov-regime switching; stochastic volatility ; Kim filter



