Journal of Economic Theory and Econometrics, Vol. 26, No. 1, Mar. 2015, 70-126

Investigation into the compatibility of stationarity
of short-term interest rate proxies with the
dynamic term structure models of interest rates

TaeHyung Kim* Jeongmin Park’

Abstract By building on the work of Conley et al. (1997), we investigate the
stationarity of riskless short-term interest rate processes, analyzing generalized
stochastic volatility models with level effects and examine the compatibility of
stationarity of short-term interest rates with the popular dynamic term structure
of models of interest rates, such as ATSM and QTSM. We extend extant stochas-
tic volatility models with level effects crucial in characterizing the stationarity of
a continuous time stochastic process, estimate the extended models using an ef-
ficient simulation-based MCML(Monte Carlo Maximum Likelihood) estimation
method using importance sampling and implement model diagnostics using the
inverse of standard normal distribution of the dynamic probability integral trans-
form obtained via an auxiliary particle filter. Empirical estimation results indi-
cate that TB3M and Callld exhibit drift-induced stationarity compatible with
both ATSM and QTSM, and that ED1M, KTB3M, MMF7d, CD91d and CP91d
are of volatility-induced stationarity. Consequently, the results imply that, with-
out careful consideration for the nature of stationarity of a short-term interest
rate, indiscriminate application of theoretical models assuming the drift-induced
stationarity of short-term interest rates may cause serious failure in derivative
pricing and risk management.
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ANZaE o] &3 Y A By A v E Stk ok
& XS0l et A4 23, 371 7] AR RAA 98
3=2o] oldE ZF e ATSM I QTSM 59| 7|& o2& 7|+ 122
7} F33h= “drift-induced stationarity’®] 545 7HX]+= WHH, 1709 w7
FEEY o|AHg, =9 7] 3704 514, MMF 794 &, 919 & CD,
914 = CP 4~ &2 ‘volatility-induced stationarity’®] 54 7[X]&= A&
T UEHT o9} Z& A Dol AE g A9 Y S-S
B3] 1183} A] 91 ‘drift-induced stationarity’ & 7} A 3= 7| & o] 2R ¥
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AW olt) o]Hst T RO Qdte] o|E2A Q] SHoA Bk ofze}
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2 SDE(stochastic difference equation) 2 3% & = = 72| 17|
E A o] | &< (drift function) 2] 3 4 3] 7 A &F(mean reverting
tendency)ol] 2 - S F R o|th T3t A& thE 779 A E o] gLt
o] 8o ot AR AT M2 ZE Ad 9 Eo] & dH(perfect
correlation)2 7}A| Al SFEZ o] A& 7| 7F X 2] JHEo] AR Ao 7 A <k
< R334 "ot o] st SHAIE F5317] 93t Duffie and Kan (1996),
Dai and Singleton (2000), Duffee (2002), 2 2] 27 Cheridito et al. (2007) 5-2]
A=A o] A& 7] 7 Z B 8 (exponential affine term structure model, ©] 3}
ATSM)3} Ahn et al. (2002), Leippold and Wu (2002) 5-2] X =0] 2} 7} A]
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[

3 (exponential quadratic gaussian term structure model, ©] 3} QTSM)¥}
eRIRYPSo] AXNHUTE o] 5 B8 A gFH o2 FH73]AA
, 255 A (stochastic volatility), B] A1 & AJ (non-linearity) 5 2] 79 ot

I
a
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o Ml re

Aol Age) FEA EAS FHOR AL/ NHTEE AWSE Y
o] .

NAENNTFEENE EAAE FHPRI 0] A80] FEAA 54
of 3t 7|& AT =2 AEANREYZH o] & o433t o] AR H = F
dom ARG BEAN A B4 EE AR ANEAR
£ AH(time-varying conditional variance)oll 23S F11 t}h &3 AlHZ A
BB Ao T3t A ZHA S GARCHE I} o] AN EEHSA LY S 5
Qo GukahA] ol 2ol Frh ol ol AA|ZHE & o A%A| 7w Fol 1]
AR o7 FA o] §o]at7] wFoltt o] & f Aol g2 ¢ =1
B2 SR IR AFEA] o] A& o Y E = A E)Y AT E
TZAZIAG BAA B GEHoE dA S Aok Rttt 11
oYt R A7) st Ak FTFH S E I o] A&} 0| A& 7]
2R kgAdY Ao dist AlkS vttt ol st A Aol
ol Al ok 3 7}el, ATSM = QTSMz} o] £t 8 0.2 the7] 42
3l A A Ql(analytical) 3| 7} A 3f= 7] & o] AbE AH ] BRPE= 0|8 T
& gloke 2ol ek 2e ol Ae 5 FHAA 54 22snn
Sk 2ol Al o2l g Aba Al el e Ae] 4] el Al okE o] mR el 2
Aol nAAEe] FelH 54 AW EE Ao 5 9]

Conley et al. (1997)2 1] A & F A <2} CEV & Ejl (constant-elasticity of
variance form)®] A& 71X = 7] o] A& EAAY B A =5
a3e) 7)o o) kA o] LR H-S B YT} Conley et al. (1997)2 7]
o|Z}-& FEHAH | AP FAFTE 7MA= B¢ FTE2HY 2717 1ET
ZF 0 1 “drift-induced stationary’ ©] ™ 1X t} 3 ‘volatility-induced stationary’
S B At} ‘drift-induced stationarity’ = 3 3] 7] A ol 235l &7 9]
SHAAE 7HA S o m| st} o] @} &g ‘volatility-induced stationarity’ = 5=
N &2 73] Aol ofvet fEdel YA SEHA o] AP
7HA 2 o) stk bA AF S ute} Zo] @] oj g SEHTART 2 ©
&3 71 B A= oA SERRY B S T ES= TTEHY
3718 058 TARZA )AL 1ET S Aow AFgogy AAHPoR
‘drift-induced stationarity’ S 7} 4 3} 1t} ATSM, QTSM ] o] R}-& 7| 7%
RHAE ARZAH O Z 7)o xS &-E A2 ‘drift-induced stationarity’
£ 7178131 T}, ATSMH QTSM-S 5 4l o] 27 CIR %4 3} 719 4] 23}
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9] 2349 A o] eh= ol Aol 7t QA T 7] B4
® 3 o]t} ATSMT} QTSM & 7H4 27 -8 3l&
2A57 27 AT NG AT HEUFAS AWET) 9D
o) JBBA ol T @ Al oke) A 7ol ek. 34wt
o] 2H& & 7} 9] ‘drift-induced stationarity’ S 7} g3t o B2 Z o] R}-&
GERY 2R A Hol] 48 Alcko] RiH BP0 E
Al = ATSMo] o] A& 7|72 ZAXREAE AHets o =85
A kth= A5 o] A|AlE 22 9l tHAndersen and Benzoni (2010), Bikov and
Chernov (2009, 2011), Collin-Dufresne and Goldstein (2002), Collin-Dufresne
et al. (2009), Jacobs and Karoui (2009), Li and Zhao (2006), Jagannathan et al.
(2003), Thomson (2008) 1.

Litterman and Scheinkman (1991)-2 5/ &5 4] (principal component anal-
ysis)= &3l =F(level), 7] 7] (slope), =& (curvature)2] 32 A2 2 98% 7
T o)A PR BAS AHE 4 9on o] hen ZQ o] ok
o0e) AL Ak AF A AE ANT W Ack FEEAE
AARoz drlolAgol ALt o9 WA B L AT A BE B
o) AHe TR o] FEHAA S BAGo A B0l A4S HENE E
o o A&7 T ERY o] Aol T o] Ee] FEIR AA
o B4 AW 4 gtk o 8 Fol AAA AR 2] 22z ol “drific
induced stationarity’ & 7} 3t 7] o|AE 7R EF Y A& 74

2 =842 A& 4 9t

H ¢ Lo A= Conley et al. (1997)2] ©+7] o] A& &4 9] ¢+A
FEETNE 2T GutEd FEHFARE E4S 54
Q&2 E3] o] &5+ 3/ w7] AT

2ol Ag, LW MY d=9 5T E, =5 I
28, 74 E MMF+ 29 &, 914 = CDF Y &, 91¢ & CP’“‘Q%%O
B3 FEI A B EAS A o] F 3l @] o] A&
Al e EAo] 71E AL NFREF Y T REH =
£ ARHE A St o] F fsiA e DoAY B8 FESHE
TERHRY Ao it AR EEHA FH o] a7 AT B AFolA =
7|1E d7o| At FEWEAEY 4 AE FESHE dutAQd @)

L =
A AEWEARAEE IG5 DA9E SDAE FTARE 4
W3l AL slH o, 872 BH 7S E -3 4 Monte Carlo Maximum
Likelihood, MCML)¥ & o] & ]-0313]- F2g3ke] 379 3 A3 £4

Al F&<= 93N E—:—ﬁ]":/]g B (auxiliary particle filter, APF)S E3 &
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[

2 PIT(probability integral transform)E 3 <4 & 3 & ¥ 3K(inverse of stan-
dard normal distribution) 3F &] A} 32 & o] = @ XH(pseudo standardized prediction
error)S ©0]-23F 23 R th3} IC(information criterion) S ]88k 28 A 314

MLE FRHOE D5 om, ol % Fol oM malo] Blo| g0 5
B0l 54 AW 5 A Atk B4 233749 v 6l
PR 5B} B 19E T3 vho] ATSM3} QTSMZ-L 7] % o
A&7\ 2R e 7 v | 51"6]-“ ‘drift-induced stationarity’ 2] S
AN AL ekt e o B2 A2 B B ol A8 o8 AEL 7]
E oA FZREY Y M= %— ‘volatility-induced stationarity’ 2]
545 7= AL r eyt ]9]' 22 d3e 2o AkE t84 ¢
St EAAE TE3] e sHA ¢l ‘drift-induced stationarity’ E 714
St= 71E o] BRY S ol &Ste BT «L‘r’““ b7t 23 Bl e
AZ4e FA A 5 des 9w ettt

2R e b3 gol FARCH WA 2R AL o] 489 2AREA
£ FHOE oL/ ATELY S5 YA D)0\ AE FERR
AR AT ol A7 DF 22D DAl T AokEo) thatel 4]
B} 3gel A A5 E A o] 85 L QAL 8ol A FEUEAE
H2 AA ST ABA AL o 50 B 24 AW 12w A4 vl
WS =0l Rtk 22 3 4Rl A L 38 7 ol AR A5, 1)
2 W) fELelol e, Selvelel 198 222, MMF 792 598,
919 ¥7) CD%o &, A&7 34D F LA 501§ 5o F7A2 ) o2
AZRAATE AN DT} vpA e 2 5ol Aeg AN

2. 0|Xt22| ZHEEME S22 Z 0|XE7(|UHF =22
= OF R Ad
=

2 oA = (d7D)olAHE 2ARZEAS SHCE 77 o] A&7t
2 A9 H T o]o 2FH o|Ag FERAF Y LS T
A =2]3}7] & 3str}. Duffie and Kan (1996, ©]&} DK), Dai and Single-
ton (2000, ©] 3} DS), Duffee (2002), Cheridito et al. (2007)1 A] A| A] = ATSM
2 Ao AE o] B3 AT FEHTAHY 5SS G stEA A
Aol AAAS 7hA = hEA S 2otk Ahn et al. (2002), Leippold
and Wu (2002)8] QTSM-& (7])o] A& vl AP B3 A3 F 0 &9



EAAS vYgsts nyg o g B 4 9t | DKEF DS ATSMI} o] & 333+
Duffee (2002), Cheridito et al. (2007)2] ATSM-& 9] @ 2] A| &7} 2o J3FS
WAL SR ASE] 59 AW ARIAL B P ol whef R
= 4= 9t} 23 Y} Ornstein-Uhlenbeck 2+ A (©] 5 OU}A )2+ CIR 27 (Feller
square root process)= W2+ WA S A AT AP Ao & 7)o A&
S MATE ATSME 7| BA 2R o5 Aelis SEge] B727A
W3 FEAEA L ol85t0l ol A-ge] FEHAA T FEUEAL A
ek ol Do OUTHAL mha s n] g3 AFe) vl 4] 2348 4] (quadratic
form) © 2 7] o] 22 47 5k QTSM %‘ﬂ] W2 2219 42 5510
@702 N P BT A4 FH FEHN TS A= 532 7HA
29
Q4N D70 AL R A AR BRI AT Wl ok 3
7‘5‘—’?—9} T2 583 = FAatgtaol o 27 o Jones (2003a)= Ait-
2 upgoz uro A o
AL Exl;] = zAS ] Al8taL, o5 279 SFH Kol upebA “drift-
induced stationarity’ 2} ‘volatility-induced stationarity’ 2 7] o] A& 2] °+4
4e FRAAT ol Bolol e A FEUEARF oD 3
Aohe A9ol= A5k 489 4 9 cHlones (2003b), Durham (2003)].

DK(1996): i) 7] 0] A& o] vl 23 AHel w4 0) A8 3h420] 1L, i) 91
9 35 Solq vl g ds ey

r>~
o
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&
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N
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DS(2000)+ DKo 4] A l% B2 4uts}sto] ATSMO| 3

DK (1996)7} ATSM o] &5 ¥ 542 W 3
ol % %7513 ATSM3} QTSMo] 7]0] 28] EHE A4S ol B ol ol
7+ = = 7 ko] 9l t}. Fong and Vasicek (1991), Lon affand Schwartz(199 )%er Zo
A7 o)Al el o A&/ VTR EHEL B

o
G4 2 H5 95, DK ATSME o1e1 8 2958 ¢ ﬂ_wwﬂom
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form), AFEjH ’I/] Al Z A (identification condition) 3 & -8 % 71 (admissi-
bility condition) 2 < #| A 3} 91 T}

DK<} DS2] ATSM o] 41(2.1)2] AAZFEE 7HA1 7] |18 24 i)
A7 o) Ag 0 Al AT SEHRAF o] 47 the 2ol AAE S vt
o}.

dX, = K2 (02 — X,)dr + /S, dW2 03
[St]- = o + Bi/ X; )

719 A 8ot ai= A?‘E‘r 8, 09, Bi= 242 N1 Wl e, K99} & (N
NAY, 5t (8], HAL4LR TAHE (VW x V)ALl r, wle
Sho) A9 E2 U o ek Aol A X, o) FETHS A
T} A (stationary stochastic process)©] 2 &2, K2of| = o] 23} o+ A
7] 913 LA gk Al oko] EFHATE. A(2.3) A ozt é““’ 59 i

FATE B 04 FHALS £ATUTAA JFE F

2 X

> ru:lm b
~ o

wrr b

e oo L pfo Nt v Z ﬁ
T
ox & ofj

(K°(0° — X, )] + ok [80+ 8xX,] =0

ot
2.4)

o 71N A tr(-)2 Aol tf 3k E 7| o] A AFAK(trace operator)S LEFHTE
P(Xr,T,T) = 12] 7 A= ZA(boundary condition)= 233}l 4](2.4)9] sl &

dP
ax’

78 4 9t} DKS} DSO] ATSMo A A(2.1)S A24)0 thasid T3}
AAN Az e S5st= A(1)2 B(r)oll i Ar| 284S 4=
s,

B — QUKUB(x) + TN B0 & = 0 s

MO = KOB(r) + o T\ BO — 6

25 gxAL FEUTALS el A7 Fo 82 29 %e HAE AL
WA 87) 918k 27 ol th

3DS (2000)+= 4! 2 & = (physical measure)ol| A A E] M 4=2] H 4 (stationarity) S &35 Al
717] 9)8te] Ko BE 1§ 7S (eigenvalues)©] 0K T} A of gttt A kS Halstw Qlrh
Y 2 A7 ad, AP S AsIAE K TR BEAasd L7t 23
3to] TG0 A4RI0RT) Ithe= Al ko7 &3l A D 4= 9t}
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[e] hl

P(Xr,T,T) = 18] AAZACEHE dojz|+=
2 Z(initial condition)< ©]-&31H 41(2.5)9] & 7+ 4 At
ATSM2 o] 27|22 9] (P& 233 T A 54 o] 4]
EH 9 Fge o 2AHE= SXS 7ML Ytk FEHEA
Aret7] Yot FEHETA GHHSTY 5 ST
R1r B s IS S ot 3 e B = o) *oh?{rl 17} 5:}*0‘ &Fo
7} It} o] &2 Q3 ATSMo| SERFTAS A4
< 4 At} Ahn et al. (2002), Leippold and Wu (2002)‘— ATSM-J ]
& S5% 5+ J& ZF S E QTSME A| A 5F3i T} 22 1} Cheng
and Scaillet (2007)- QTSMeo] AZ A o & e H 49 e 5 7HS g3t
A oF3te] ATSMY S 2 th &, N8 QA QTSME A &3S N+0.5N(N+1)
89 ATSMO 2 & 4= 9t}

ok ol ofy ie
2
‘r‘
X
ol
_0|L
E
2 o
°

rd'agéf”f—

22 EH7[0|Xt2 2ol otEY

AEAZT D7) AE R, o) AL 7| NF2RY T2 th53 o] A

LI

T 1 =3 s
Al 7F B5 u] BukA Al (stochastic differential equation, SDE) S & 3% & F ¢}

A

dX, = u(X,) dr + o(X,) dw, (2.6)

A7) A u(-)&} o(-)& Zhzh 3 A4 &4(drift function)} EH4F3H(diffusion
function)S YEIN O, W,= 2Ze} 159 vl A (standard Wiener process)
& verdoh A26)3 22 Sty el s g HA 7] A e dntd e
oh2-3} 22 i) Lipschitz 2 7 (Lipschitz condition) 3} ii) A & &7} = 7 (Linear
growth condition)-& 5 =3} o] of St}

{i)lu(x> —uO)| + o) — o) < Klx—y, 0<K<ow,VryeR
i) |n(x)| + o)< (1 + |x]), 0<C<o, VrxeR

Lipschitz 2712 39 §24¢ BAel7] 918 2205, A%/} 27
2 Fr3AI Ol AFE WS X, 7 2t akA) F = Sk 22 o] Thit does not
explode in finite time). Lipschitz 2 A& o} 22 = A & Z Z(local Lips-

chitz condition) ©. 2 &3ls}= o= A1(2.6)9] 3= &) 3t} (Kloeden
and Platen (1992), @ksendal (1998))

)Ve>0,3C |u(x) — u)+lo(x) — o) <Ce |x = y[, for 0< x,y <&



TH7) 0] AFE S £33 o] A2 AF A EA sy Fpol 2 AR
A ¢ E o & B HE Wk oY) A5t 2E AR Y kg e 9k
°Z 333 Zo| CEVE e 2 )

oX)=0X, y>0 (2.7)

21(2.6)2] SDE°|A A &71 091 372 g5 CEVAA ol 3t
ot A 2719 CEVAA L 742 y< 05,05 <y<1, 22 y> 19 B¢
o whet A2 ThE EAL 7HA $7k Aol A & 9l chFeller (1951)]. 1
#d CEVHA-L SDE9] 3| 7} £4)8}7] 938 =X A Lipschitz & 7 (Local
Lipschitz condition)?} 413 37} Z ZA(Linear growth condition)& % 3}4]
Pt} CEVHA20< y< 19 A% 22 A Lipschitz 2 A& £Z314 &
o, y> 1A AL AYZ7 2 AL TFIA eth 2 E EF3IL
Andersen and Andreasen (2000)-2 CEVE-& 4 o 3l 7} A5t & 57}
1] =117 9] (nonexplosive)= X 21T} Andersen and Andreasen (2000)9]] wh=
A, (1) y>054F, CEVEERAL FLdS slE 7HAH, (i) 0<y< 12l
A FEAAE ] ¢ FEE 09 3 7HE 5 o, (i) y> 120 4+,
GERG o] T4 FY F= A, ) 0<y< 0.5 A7, X =02 Bl
st =74A QA AAZR ] R A ko {Fdst s E 7HA A et
o] &} Zrolye] A 7)o wet CEVHA L] Tl A 543 59 540 122
T Atk

FEEREEREE EEEPE S Y S
ley et al. (1997)& A|2.7)7 2L CEVEAat 49} the s} 2
T} 3} 3 A| &4 (polynomial drift function)E 7} 2] = -5

]
nXaa) = Y oX (2.8)
i=—k

71N A o = [a_g, A prr, - 0401 ™, k>0, 1> 10]T} Conley et al.(1997)
2 o8} 2 FAF} g A A X0 gEA o] 9 A (sta-
tionarity)Z} 7] 3]l 2 31 & A (geometric ergodicity)S £Z317] 93 2%
Z1E(Conley et al. (1997)2] Assumption 1, 2, )3} FEZAE] =5 7]
93 A k= AESS A A5G TE Conley et al. (1997)0]] =W, 4=
2tu|E] yo] A7) oA FEHAH Y S 2R ATt o)
I3t=(explosive) SA4S 2 Y 7 A= FAFTE A=
EEy> 159 B @d7]o|A&9] Mg o] SFHLE &, g
52 53lo] FE53A o] o+ A o] Al Ftt. Conley et al. (1997)2 o] 9} 2+
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[<] hl “

E A& ‘volatility-induced stationarity(©] 3} VIS) 2} 3} t}. 28]l y< 19l
BF, FATTS B3 A3 Yol FEAA Y HF Aol 2R =,
o] & ‘drift-induced stationarity( ] 3} DIS)’ 2} 1 S} A t}. o] & 535 y2] 3 7] 9
upet ) o] g FEAA L g S 2t S & 5 At

Jones (2003a)+= Ait-Sahalia (1996a)0]] A &} Z-o] ] A & F A &4} CEV
Felo) AT AR TSI 2 ASAD Bolo| AER B L B4

STt

dr; = ao+oc1rt+azr,2+@ dt + or! dw, (2.9)
It
Conley et al.(1997)0]| A A A E A 2 AL ALed, oS e 27
o] $EH L A DA HERRL AF AN AEHAH | Do}
Y<15 , <0 , >0 -ooenn. (a)
or (2.10)
y>15 , az>0 e (b)

27 ()7t 355 H A(2.9)9 &7 0| A& &E 4 2 ‘drift-induced stationary’
olm, 27 (b)7} =5 ‘volatility-induced stationary’ ©] t}HConley et al.
(1997), Jones (2003b)]* . Jones (2003b)= A & =M &2} CEVE E| o &4
T 7= ASA FEFRY Y 24 =2, Fd8 24, 4R A
z74, 383 13223 AE &4 2748 A A8 Jones (2003b)o] u}
2, A M T+ E 71A = CEVE 4T A o] ‘volatility-induced stationarity’
2 A7) ASAL > 1] 270] FEHE Aoz FEeTh =9
y> 19 ZABNA L 13 BT EA S 23 AFo] ZA\3H7] 91
Al vy > 159 230 FFHolof sirt weta] 4(2.10) (b)= A(2.9)9
7] o) A& 5 A o] ‘volatility-induced stationary’ ©] B 22} 2 & o] &4
g 2 A H . gy AEATA g Aolata & Hi A(2.10) (a)
9 DIS 27 T5F S Yusth AFFANTFTE 7HA = 7o) A& &
740 DIS A2 2257 AAMNE <1, o0 >0, 0 <08 A5}
7 kel BB 09 G AL AL FAH] A% F74A 0l A okx
o) @23,

4Ait-Sahalia (1996a)= (2)2] A k2 A& R3}st ] o]+ AAH 0= DIS A kg &
73t Aotk st a Ait-Sahalia (1996a)0ll A ohebu] 8] 4 -& A3 ©r]o|x-&<) =3
FEUEgso] e nEsE 2o 2 7H =, ol & e M= A5 AAA
(stationarity) ©] &3] o] of 3}7] wj & ] c}.

SCEVE-E74 9] ‘volatility-induced stationarity’ol] 38t Bt} A8 =2 Jones
(2003b), Conely et al. (1997)2 FZ3}7] vpghch
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292 upe} o] CEVEH EfS] 4t rE 7HA = SEHRAH Y &
54,3, A5 A& 2Rt ALNFA T2 o= A2 T
ztetu| B y&] = 7] e|t}. Conley et al.(1997)7} 41(2.10)8] FA| g4 stepn
B Eol st Al k2 FEAA o] ¥ FEZE 09 #2 7HAAY FI =
WS R E Sk 94%&2_ 3ttt Conley et al. (1997)3} Jones (2003b)©]]
A AAE AFAY 2AEY TF AFHE FAs7] A= FATSS
Pefol]l thst =4 o] o3ttt e FMEY e 83 o E
7= A+ DISQ Aol & 27} o} Conley et al.(1997)2]
27 (vi)P 2 HE & 5= 91 %0] VIS H--oll= FA 9] FEjo] A2
O 7 A ko] ity ] k= 1’/}. SrA] 432 Andersen and Andreasen (2000)
oAlA AAIH A EMEAL THAE A o] A A S &+ 3
ot A Eoll o gt A °k°1 2% 749+ DIS?l 73‘%01[’/} Andersen and
Andreasen (2000)o 4] A A= v}9} ZHo] DISO A %o 352 0 E=
7t 4 lenz olg AT 7ol B Q3 o FLAFE FH3
7] A= H7HA Q Al Fz A o] BRI}, o] w] Aol RatE &=
A k& DIS 5}oll A boundary nonattainability’ 273} 3¢ FIAL BH
3t 98-S sttt metA F *ﬂ Fof] o gt Al ek EEAA Y DIS B+
VISE Z274st= 982 st Zo] otdet vl 27|17 Fo 3= o 39
<443} ‘boundary nonattalnablhty HAst= AL 3hr) A3 3248

2} CEVHEj o] EtrE 7HA] = A5 A% 5""}&]'75 o A ?’ > 19 73
FAAF R FATFC Eéﬂ]oi]ﬂ]?ﬂ-?(ﬂ‘l}}_?ﬂi e EA, ‘Q"é,—_’-
2] 31 QA A Q1 & 3 (stationary distribution) 2] < A} (integrability) 2} T3} T}
[Jones(2003b)].

o] AFo A A E T} 0| & FE T O] obFA 2 A0 = HE] ATSM,
QTSM =9] 7|& AEA 0]%}%7]7]——7—21:63%0] t}r

Jol A& S 23
Sl o] Ab-g-o] AT e 9 S akstro] EA T A S e Ry Y-S
& 4= th ATSM2 v AS A H 49 &5 317 o] Vasicek7 37} CIR Y}
Xé-‘ll Aoz FAAH R 01 ZHE §FE5+ @rolx&e FEAA
o] AP FNT4} y=0%= y=058 1RH CEVHZE 9 4=
M3 RYAS &+ ¢ D1r QTSM-Z ATSM3} 2] ©h7] o] x}-& ©] OU
HABE == AU o] P Ao BRE o] A & 5 Tt 1

QTSME e i o) el g7k 23a A oF3te] ATSMS 2 & 4= it

®Conley et al. (1997)¢] p.5390] A A1 A &z A o t}.
'CIREEHA AN A Fo] FEE 9 g2 M+ A
7 Az ot

2 ¥}Z| 5l= Feller2 Ao &4



¥ BE QTSM E 3 ATSM3} vHa7HA 2 H 4 S S5 FHES o] 429
F Ao el 548 AloFe £7a w o)k,

23 0|xtE7|ZtT= 2ol et dof =etE Mot

ol Al ATSMO|| A tH7] 0] AH&S 233} o] A& FEHNA o By
AARA A FES AHE7E Shr). Folx _
=3 o]

eI BAE FEFnR

Y, = A + BX, (2.12)

A7 Y, = Dn), o w). A = —%[A(Tl)w A(TK)]'

= 4B, Bl ek WS AP A 3
=) —.4 =No 2 7} A tH(full tow rank). & &
A AAT 5B GFS FE A0 A H) Hebs
H FolxAd FYEY AP AT R FEfH

O
dlo
NS

22
ulit
e
filo
4

1
dy(t,7) = W, (X, 1)dr — %B(T)’E\/Sj dw? (2.14)

B(t)'var,(X,14)B(7) (2.15)

(B(T)/ ®B(T)’) vec [var; (X, 1n)]
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oA 71 A var, (1) 27 EFU W, & > 00| th. 236 ATSMO|A]

e X, 9 iﬁ—‘%—ﬁ—L 49 Ag3go|th 2HBZ 21(2.15)

ZARE o] A H o AYPTLdS & 4 Y

1?4 ¥l ATSMOM 21(2.13)°] #AZE At E o237 ZE‘O] (t,r)%‘fg
[e]

flo Mz
>

o

e

SAe 2 AR RS e 4 gk
var; [y(t+h,7) =a(t) + b(1)'Y] (2.16)

oA 1o A a(t) St b(r)= k7t ~7heksl KA WEl 2 Lebdch, 4(2.16)2
Aol HASE e FolxAd TAdEAH LA A2z y(r, 1) &EH
2 4 9eg dvan 5 AA5E HEFA
e JAEA E(cross sectional information)&-
o} at o212 WA P S HAS
2l 25 o] &3to] A AT = A2 2w Tk A(2.13)
3= HAA QA 7H AT} S Al ATSM
o 223 o2& S FAA SHA] A
(Mwﬂ&@kamMﬂ ol A+ ES DISE /HASE B
992 o u gk
o] AFe] =9 & £33t ATSMI} QTSMo| DISE £Z315 2 7)o
89 42537 278 QA LANN 2 LS & 5 Yok 18
N AS AR E 2T BE ATSME 2 &7 F 8] 7 el f 4 72

N

_—

o

4
Ay
o K

-

O

o 37 = 2 o2 HEE 4 9T Dai and Singleton (2000) EE. 7
Z] AuA 0 o)o} 2L WIS Ea|A AN Y] ATSME ©7] 0] 2183}
AW EE SENEA 2SS AHASR A BEo2 AN
% 91Tk o 5 B3l ATSMo| VISE 7P ok 2 3 9L 517 Sl e 4 Ao,
A Al &8 (macro finance)& oFE A 2] 3k ATSM, QTSM2] t} 29l &L o]
&3 TRk A A A= R Aol skt o] Y FEHETA
29 285 2P AFPA o B £ A= A AH AL 9 tP[Dai and

Singleton (2000), Ahn et al. (2003), Hong and Li (2005), Collin-Dufresne et al.
(2009), Trolle and Schwartz (2008) 5. ©] = @7 o] A} &S AE|HT Z 3=
Rygow HaAF e o, &7 ojab& 3 st o] o] SER TS 2ok
OAE 7| FE R Y Y AP o] ¥ F55 o m| gtk

SAuNOLH NE A AR RSS] £ 8 hehie, Me EUEAE B ashe ehig
o 4% vrehieh,

Solst 28 7% ASEA AFEL AR Bl HE
W9l Brlo) g FEWSHRY L AN o] f Fhed] st

©



e gy 83

A2 ATSMO) 44w Atz ASe] the A% 24 S B3] ATSM
o] A o] A9 FHA SHELS AW sT] SHA ke b
3l A A5 o] AAIE 2 AT} Andersen and Benzoni (2010), Bikov and
Chernov (2009, 2011), Collin-Dufresne and Goldstein (2002), Collin-Dufresne
et al. (2009), Jacobs and Karoui (2009), Li and Zhao (2006), Jagannathan et
al. (2003), Thomson (2008) &< %<2 91 ATSMO| A R 3}= = 2](2.16)9]
et A2 S FlA ATSMe] o] A& 7|7kt x 9 2 R4S A%

3l o] SE3A o= AFE Al AlSEaL 9t £ 3] Collin-Dufresne and
Goldstein (2002), Collin-Dufresne et al. (2009), Li and Zhao (2006) 52 &%
Z 2 0] ATSMof| & A 31 A oF2 713 USV(unspanned stochastic volatility) &
G10o] ATSMET} o] A& 2ARLAL & B9tk 25t A

2 oleit A gl ATSMe] £ A9gel B4 R A5 o
FE 2ARBAL TR AUSA B S, ATSME ol 4E 34
A

g AR oy glaade]d &8317] o] | 7] wiE ol th ATSMo] &-&H

AL Al 28231 9rh= A2 Duffee (2002), Ahn et al. (2002),
Jagannathan et al. (2003) S-o|A A A=A =} Ut} frysd & Tf_rﬂiEM S
%Hol z&st7] ot FEHTA FHHTY & S A
Abgo]l A FY Fhe 7HA 7] H8 el E AbolY] AdEEA T

_4

o]
94 ol Aol Rsio] oI, ZEAe ATSME o]l 3 A
oF2 StE Ao e AEdS Al kS Bk ofet R3] 13 HE o
3t A A4S oF71E 5 QAT ATSMo] o] 2459 2 A FE42 41
shodl 2RO Ge e AASE A Re A2 ATEAAL TUEA
8 E o] 83}o] 3 A3 H 5 A (realized volatility), SH3 A= 7124 ©0 Z K g
A2 YA M54 (implied volatility), GARCHE J & FA 3t 2 AL EAH
S8 oAV TR U AR E e £ QX8 BAE Q)
Il tc

I St Bikov and Chernov (2009, 2011), Li and Zhao (2006), Jagannathan et
al. (2003) 5-& ATSMS] = ARZAF AW 8 A st7] 9 sto] Fol A4

0USVE 4] 2.16)0] FFH A gomz pAdtoz A5 UAs Y TE S BA
g gAY DFOIRANA 7HE B s AdEd TS FA G GEUSA dEHsY
ZA5 oujsict. o] A2 ATSMIA 4] (2.12)9] (N x K)3B & B2 $4:=7} NE t} Zt}. o]
9} Zo] USVEH L FE2 9 ATSMEFof| A3t Al kg 71eh= R o) B} 2pA| &
1= 9] = Collin-Dufresne and Goldstein (2002), Collin-Dufresne et al. (2009)E %+ % 3} 7] v} gt}
Hol5 Ao 5| GARCHE &2 o] &3t W54 24 A& 0] &3+ 2> GARCHE J o]

TEUEHR YU 220G AP0l ] $7] @R ook o E S7AA o1 )
S ER) 277 HBUFHRYL o] §37)o] FEIA oY) Wl Eolehe Aol 7@
227} 9ok
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A5 § &

(swaption)< $H7|
A5 BRE
kS ATSME] %
AIE A A BFA
%A AaE 7% LA RAoE o A&7 NT
5 DIS A ok A A% AR e o) eI
R4 AL 24T Ak ol ol 5 BA0] o] §8 A=
TBlll0 FTAOE 3 u=A] &H o|AHE, LIBORALE, F22 34
olgh= Fof 71dlstt) o] & A7 7 £3] TBillE $4Ho=
2B AR A SRS AZEAL EAN FA TS F 23
dgFo]l & &l Ak otk TLefL o] A L] & o] A E2 HES
goll e eHg A o H FelA A
2 Aol e s2ET] 270 A
B2 o831 Bl & BEHHY HHH 54
@101l 9449l 540] 71 o) 48
D

St A 2~ (caps) L 2G4
=) ov and Chernov (2011)-2

, HE A 2912 3= ATSMI}; 18 %
Aol 7} girke A%EA

=2

oxr H = XN e Y o

10 oot

ml” N
> O o |

Mlﬂéé

O Hr I

-‘~
Mo
é
U
)

M
tlo 1%
filo
ot
At

o
7

&

o
-

o] gl WA FERFA

3
AE 2o 037} e @] o

,O,] ZARBA A3} j—f_f.; H 2 3= A H 2 Collin-Dufresne et al.
o)
%

-lJ rr ol HJ

(S
S
S
3
L
F_R
U
é
D
ﬂ
_0,
fo
i}
T
§=)

drlo|2g SEHT ARG tgt 7|E A5 AFolA D)o A&
HEAARS, ASE, s2a3 293 A2(ump)9t 22 422 ¥
T899 542 A9 f% 0 FE =3 o] Al=H ltHBall and Torous
(1999), Smith (2002), Kalimipalli and Susmel (2004), Sun (2005) 5]. 281}
VIZRIYEL V| EAHor 2adEHEA AL AR(l)_T’/Pg o2 3A

o

0} ASAITHRY S o|4g)st R o g Ao 54 SEHEE A9

St EE B2 MRS AU ASUAF A A AE A Y wwEE A

]94 FHBAE 3] S8HA] = A FH A RPAHAG S 7HA AL Yt} o] 2§
A FA QA BYPEo] FE o] §H olfr= Do) AE SEHT AR o] 7]
ASAE T E 2= v A Y8 G 22 3 (non-linear  non-
gaussian state space model)o]| 22 &S ZJst= A A o] PR %47
- olth e FA o] P2 2 R gtetr|E e 7)o YAH =



32 AEEM 2

AT 71E RPEY AARES IR S Ut ANAA B
7ol A FEWFHEYL ol §3to] ool Age] T A S 4
AR 37} sk o2 A5 Dol AAHL SAAE +EEY
gulE o] Z27)o] A RHA e RYL N ERYPOR sho] T
Foz 7E B0l g HEATARD L T

WA, 2T ZIHENEAL ARDTAAOE B4 AL &
3)5to] AR(P)EPO2 F4E 5 Atk ol & WEA) AL AHT 5

S AutAQ oA F o).

yi =orlexp (Sh) &
hiv1 = Qthe + Qo1+ -+ Ophy1—p + 1

o] =16) o ).

N:
o]-gsto] Fa I AL SIS AAT
3 ¢ ¥ = A (unconditional mean of volatil-
ity)< YERATH A@B.D2 71E ASATFNA A9 shue] FEHEA
2RO WEA F717199) 54 Ayl FREA ke 2%
S WS By AA otk AZAITEY A A FEHFTAY F77199
% s} o] FEHRS A58

A ZHE B o] A
AAFE ol B 5] WRel F7HA 9 gL o] £}

3.1

o719l A = ARMA(p,q) 2 E 5=
711 AHe < e, = v 2 a5
Al

Przastel 2718 BAA e 4EHOE A RYEC] F o 4H of=
ATSM3} ATSME 3 © 8 B F 5= CIR, Fong and Vasicek 2 & 52 HA| A<l A4S
A& o) A& 7|7+ Z 28, QTSM, Ahn and Gao (1999) S9] o|A-& 7| L2283} 7
29 o] 2HQ AL RY o] HEE FEEHE 5T 272 1A} RYoR
AAE Aol F2 7|8t o] = EFH o' Ty o2& =F£ &L I7|E A% 2
712 Al FetA] gk A9 23 FEl(closed form)o] A7 A oG A E AL AV THE
4 {1 (intractable) 7 T7}' R ol 7] WZolth =3 AF A SN B It
" Eo] Z7]E Al A] g A EHTA N 28 It E e 2R e HE

A7) ol AMEAE HAT 5 At A% 4TS B SUE Yk

FEHE 9
BH w=2o 232 Asni(2008)°] FEHAEARY S $+FEHE et W0 ag
dEHET PRI o 7 323 A o|t)



Stoh. SEA RF o AIA IR F o A= 7] 7] 8] SRS £26H7] fEl Al
A2 ARG ZHAAE Aol Aok FHol Ak ol
AAIRF Y EALS AKAI R G vs] 2o AFAS NAA
Z 4= 9= #A o] F tHMonfort and Pegoraro (2006, 2007), Bertholon et al.
(2008)]. Harvey and Shephard (1996)°1 4] &} Z+o] 2(3.1)9] #ZHHA 21-& A
R UL 208 Aste] 4GNS I T A7 W AT Al ERE
(linear non-gaussian state space model) & 2 HEH&F 4= QI

Iny? = Inc?+2ylnr,_1 + Zoy +
{ Vi Yinri—1 (07 C[ (3.2)

01 =di+Poy+RnS 0/ NN(OKF% —W?) LEGM] =7

A7 NN § =Ine?, u = poy \/%, y" =1.1061poy, © ™, s, = sign(y:) = yr >0
o] 1,y <0°]¥ -1 F2 7= FEZZEE vYeplith 2831 Z, oy, dy,
&, RS 717} 23} 2k

1 hy W sy o o Py 1
0 he_q 0 1 o --- 0 0
7= oy = . dp = . P=| . R=1.
: : : : N ¢ :
0 h,+1,p 0 0 0 1 0 0
N—— —— —— N——
pxl1 pxl1 pxl1 pXp pxl1

=2l MY E HAste] A1) == 4(32)E SV-ARp)EF |2t 27| %
th i R &2 9] FEWHF5 AR Y 4o A= Harvey and Shephard (1996) %}
o) (& ATFEEE A T, ZVIE B 0|43 QMLF AL shaic
&} 2 L of 4] = Durbin and Koopman (1997), Sandmann and Koopman
(1998), Asai and McAller (2005), Asai (2008) S-ol| A2} Zo] o FEHF S
(importance sampling) < ©] 83t § &2 H +FAHOZ 2](3.2)°] ¥
Z35sith

g

Ve = G”t lexp( Zl 1hzt)§ta ‘St:Z{(:oPigit, POZ\/l_P%_"‘_PIZ(
hiiy1 = Yihy + o0&, for i=1,--- K

{&n ~iidN(0, 1)}, . ¢
T (3.3)



A7 py = \/1-pE - —ppi= HEWAA ] WAYE)o| BEAT
227l HE2 st Aol 4(33)9 K29 HEUFIRYL
corr(§,6;) = pid) R RP A & 5 Ak A(3.2)8 ZP ATl A

g 2ol 4338 ASEAN 2 AF T s 218 F 30} 4G9S e
3 e nAFARAANY TR O 2

(E
rlt
ok
4>
%0,
kv

Iny? = Inc* +2ylnr, 1 +Z 04 + &t (3.4)
o1 =d + DT+, T ~NO, 0), E(n T nt) =G
AN Gt =InE2olM, ZtE RE Y4719 (I1xK)PHo|th. a8z
dﬁa q)+7 Q’ G[‘I: 71—71—14—13‘1/]- é—q—-
P10, P10k, Oy~ \/%plz%z1
pZG&'z pzcsz
d;" =0.7979s, . G; = 1.1061s; . 0 =diag
’ ’ 2,22
pKGSK pKGSK o-nlz( - \/;chgK
——— ———
Kx1 Kx1 KxK

A7V A s = sign(y,) °1 ™, diag(ar,--- ,ax)<= ai, - ,axs HALLE 7HA]
= Eﬂﬂf‘g g Uehdth 4(3.3) E’—?{a«] T4 v 7 A & MCMLF A |

o]-g 35} ’“(3 He] g2 FAET 7+ Atk AGHolA nASE
3 A EAEAE A Asked A2 HPAT 5yt 5y o
ys > —19) @A oke Rosie 20l Basich olela AuAlcke R}
3, A WAl HBAEAL A5l 21 2 A MEA, T AR} A
MAE 57 W AN A B MEL e Aae 4 9l

21(3.3) =+ A(3.4)9F 22 t}2 9185 54 2 & (multi-factor stochas-
tic volatility model, ©] SIMFSV X &)-2 Gallant et al. (1999)3} Chernov et al.
(2003)9] A%A17429.9) BHEWE AR Y S et Aukalat o ALA 7H HE
MEARFolel & 5 9rk. 229 FEAEARol A F WA FEHE
3 AR A% SheelE kool Bt 49, WA HBAEH 42
e g TAE 1S s 8

l

2:3 °°"

)
dot= 4 ﬂgtﬂi”«] %7171 % (long memory)
T 9t} Granger and Morris (1976)+= Z+7} =9 A 9
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AR(p))IA I AR(p2)HA 9 &= ARMA(p.g) A F o2 e 4= IS5
BATh olwlp < pi1+ p2, ¢ = max(pi,p2)°lth. o8t 5A44& 18,
21(3.3)0] AGB.HEG FEHFTAY AEAS Z 238 = = dvbF

2YPLE & 5 Utk 183 GEAHTAAREYANA Euk ol e} 7]& o] &k
E70FRE Uﬂ of thst ASEA Oﬂfﬂ‘: & Sk o] SEHEA
8AZ 7= 2P Y Aol o £2 Ao E AAHI QT
AG.DI A(33)NA L} T2 REAA SERTAHAEZE Y F+

I shepul e} 2 2 E AT AT Ao 23 Ihetu]EEof ti§
EA (identiﬁcation problem) 7} A1 & 4= )t} Ball and Torous (1999)= 9]
HUP stetu|E] AEEAE | d ot WH 2 E 7]5H3 +F (geometric mean)
]%5}04 1‘5:’914?13 iﬂl A=A st W= Al A AT o] H 3 2

9= WA 7| A] GO HA
= Z3HE dtetn e A
<9 ’5‘}74] 3= - o] O]T/} —”i Oﬂ——rLoﬂ 4]+ Ball and Torous (1999)¢] 7]3}
Jéﬁ:% o] G AAGRHOE JJrF/‘r‘J] B A H A & 3 25tk o

(o5

ﬂl

T A(3.2)8 A(3.4)0 RPEL BF 2o 2 1E FH o] AP AEF
For HIH Byo|th. EIF H ot FA oAy ol 0] Ak

7W7Vg 3k 7R = 2% ‘inlier problem’ o] A 4= Qit}. o] & 3| A
]— 7] 913} Bredit and Carriquiry (1996)° 4] A A| & Eﬂ%‘rg o] &34t}

(o]

23, 2T 2 A

332

02t

g H| W

bl
I

33129 =39

Shephard and Pitt (1997), Durbin and Koopman (1997, 2000)-2 QW34
Q) WA AR AT IR DS 2He] SAoko] BEA( = ()9t
Eagu g () AEATY=ULE TAA0m 24
W2 AAIsEA T o] 52 2AHE )1 A 3 A el -3 THE & (locally ap-
proxnnatlng linear gaussian state space model) & 2 2 & 0] #SA e H 0] 3%
2g 2aaho] N AN AT AT UL Y] S5 P4 AT P
A ¢35} t}. Sandmann and Koopman (1998)-2 Durbin and Koopman (1997,

1:1

r]r

@ 75‘ l% vpetol g AR EA 7F A st A SR ook
ot A & B AT, 7B d = ol8ste] AL = AT A
A o Azl o F—%—x éﬁr } A9 T4 Aoz vebgth 22y o
a ‘:‘Llﬂﬂ"*‘:‘r wehA] o] & =2 ol A
%



2000)3} FAFSHAl A1(3.2) E A1(3.4)2F 22 AFu P F AT REP ] y
2t oo ZREELETTE ZASIE AFZ T AH TR F Y FEf A S
TSP A HgS FEF ST APu AT AHTTIEZ Y ¢
S,E ZAFsHE W= Al Fsth Durbin and Koopman(1997, 2000)
olAE 24eInA} ot Bdl RaeE et 2R AT A
FHEY 220 WS 1A 224 RS AAAE PHoR 24}
2ol A A FAENFHR S-S gh=1). o] 2} 2] Sandmann and Koopman

(1998)o| = Z2A 3o 2 10T d29l IARFP] 7195840 |
A ETFE XA 7= THOZE ZAEA YA FE S HEF S &

=3
22w 432 £E 4G40 BEH
=347k ol gHh

V21 2
a8 ZAME APAFAAETUHEGAA HFSTVAAY w2
NO.H)S B RES GEE Ao AFAT. TARGL o] 5o 34
LA e 2R $ERFE AL Bl 2AE Y AR E
ERFEE ARG 2ARYe] B3 WBYL FREET]
R P SEF4E TAE 2ol o B8 Aotk BP0 R
2 BE2EHY] AL DA 2AAA AYAFANTVRYL B
Z1o] Basithol & AsA ASHAFAY w3 (o AT AREH, S
3 & 7 F3H(smoothed disturbance), éf, =E[§|Y,, y]o] o] &H Tt 283 HE
HAF ol FolA Y FRPH ZARG] 2ALEFLY 1A EFFE

il -
FAHAE 585 dEHTAE Y thgk MCMLEA R o] A A= it 221} SKollA|
AA D By A5 2adFgo] ntg AL 442 S8k 22 Z 2 3A (joint

Markov process)©] ol B2 FZ X2} 2O F o] A2z YA B =59 &
A AR PE AL tha e B F o) mhetA] SKo A AIAE ¢S £ A7 23
LA A8 S+ At Yu (2005)% ©|AHAIZF FERFA R YA AE5 X9} =W
T4 Agutz Iz Ao e AA g =2 & FFa 9tk 20003 H) Fu7kA o] 7] A
SEAA A= o] E HAH o2 1A 32 AFo] AT
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oh WA QMLFH oA e} o] ASWA A9 ugdglo] § ~ (O,H(O) _

m?/2)E WEE A0E JMEEHE B ﬁ‘?_éﬂi‘r Koopman (1993)2]
‘disturbance smoother’ 2 A& 3}o] 27 Fwara}{ o £ F3k e,

t=1
12 AG60l tdstel 2R (B 2 AAA @A B
{n" 3]
smoother' & 4 g-3e] Jgmery (] & sk AYH o8 4

| iR Aoz Ry 22
@@ﬂmﬂﬂd{ hléﬁﬂﬂ%ﬂé%iéﬂ%%ﬁﬂi€&3
\}
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=

5] wjeke] WhB s o] 487k

flok Ze HoR AG32) (£ AB4)Y ZPof HE ARz
ANEFPE 27 A E o2 22 ASUAAY 28§ (== Y

o
ol
T

io

SHoFepdAg o) kg’ (e ) FRAY
o} B 5 (positive definite) 2= 2 A o] Z 5 o] of dhr}

Q = o~ T
Y'st H,

(p=0EE {p}E e AL A3 DY TR

0{

r{r
/\
/\

QA
T Q
N——

o FgRsxA
G Rt G} 1) Sheth el A0 T AC At £ 2
A BYPA A(B7Y TR EY FART 0] FFHA S A F
SAFA A AP A FFE ST EY S S5k A 3.6)9/] HHE- 374 of] A 7}
WA 8T}, Asai and McAleer (2005), Asai (2008)= Z&E 418 o] FAHH G

ZAE 53R &= 4%, Higham (1988)2] ‘nearest covariance matrix in
the Frobenius norm’S 0] &3 AL A ota} ¢ tHe. o] vl guiz o] A

o % °§ & (real symmetric matrix) C2] ‘symmetric polar factor’ P& ©]-8 3}

161 & 2 o)) X &= Higham (2008)2] 9730l A] A & “polar decomposition’ &1 2] &
Atk
ATt

o3

o
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39 %0, 1>

AR r el ¢ Sandmann and Koopman (1998)3} Asai (2008) 9]
o] 107] 50712 BEAZE AASle] ot A 2AHANE AL
a2 (349 2L e olrdo Al ,__,% 252
1—5]]131/\0] i_‘_‘l_?ﬂ-—gﬂi}i/&% < Al E= Ao
1%z%wﬂT445ﬁi4¢EZﬂﬂ1%@@%&&
I HEAS TR A5t} LE B 240 &
20071 ¢] xE 7 Z 9} 7 Durbin and Koopman (1997, 2000)¥} Sandmann
and Koopman (1998)°f| 4] A A] & tf] & ¥ <=(antithetic variable) 23S H S
0] &3ttt o] AL AAA S 7 800/ FEARE sl RP S 2
Aot Z o] At
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A1(3.2)8 234 FEHTAHEY IS 93l 1713 ol 5 2 *H(one-
step ahead prediction error) 7} & & 3}t}. 18]y GubAE o 2 A1(3.1)2} 4](3.3)
3} o] ol HE A WS E 2ol AT B AR 177 Se
S 5= A o] A 9kt B AL of A= Gerlach et al. (1999)9]] A 2} o]
1717 A2 HES F3h7 o] & Ry A eko] o] &3kt

Gerlach et al. (1999)— th& 1} Zo] e YL o] L3ty 2] 177k 4

288 S Tole NS AT Ak B AT S BA1SLA e
2 o) Aol FEHCHE 7 So] B8} ol A8ls L BE9)
IS EE u+ [0,1] 73 3= 7HA= 5H 80l T4 dFE=
(i.i.d. uniform distribution)S -2 T}HRosenblatt (1952)].
{p(antl) = [Pl Y1) p(ou|Ye1) doy 58
u = PrlY, <y|Yed] = [2LpO[Ye-1)dy '

SAFE] W ?l‘ﬂlYt ltz—lﬂv}zu HSx {yf 1,0,y e VERA
o} 4] (3.8)9] F WA A 22 HWOEUVFOEH FES = UHE
PIT2} 1 3ttt Diebold et al. (1998)2 1 7] 7} | &35 1,9 S P Aol 5 Y



3 A4 )
2 RYe AT AL ANk T o8 e Arhy
T ACFEF S o] 3 AAolehe S WA tha 9
olv] A3 mak 4 btk BWAR 257} Tk AR sl

=
1717+ Y AF3E £ 9| & 2 XH(pseudo standardized 1-step ahead prediction
= ol &2 X E w2 r}(i.i.d. normal random

z = F ' (u) (3.9)

I
=2
4
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oX
41
oX
o
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e
o

23)

T

A o]
. 7 ) f s (e}
ol i3t At} A3 F7FE = A o] H §F At W -2 Gerlach et
al. (1999), Berkowitz (2001), Duan (2003), Liesenfeld and Richard (2003) &
AN AAE B ot 53] B Ao A 0] &3l 79 2ol vl g FA

AR ALDSE A7, o]l F4H3 A7 2 Berkowitz (20010l A FEL =3
F o=y AAo o] &H P S 2 Ak HL3 Ao|tHs ;9 AFA

AR L 93l Jarque-Bera 243} 374 QQESFEL o] &3 4= 9t}

21(3.9)Y JARZAZ L AE A7) YA = AA 2(3.8)Y 1717t o
S5 75 Jdolokditt. FHP S 0] &5t S EES Fok= U
© 2 = v}E] = & E(particle filter) 2} Liesenfeld and Richard (2003)2] EIS Z €
(efficient importance sampling filter)S ©]-83}+= Wy o] o] &2 &~ Jth &
¢ Lol A} & Pitt and Shephard (1999)¢] B % 3}E]Z D E(APF)E ©] & 3}9]
21(3.8)Y =252 73T APFE o] &3] 17]7F o &3
= ¥ S Kim et al.(1998)9 A o] & F o] &, u]@=A e
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Hong and Li (2005), Chen and Hong (2011) )| A &= A| A] 5
Moz dojEuE ol o £oe MEsd AR
ARMAZH £ o] &3to] BHPI ARE E4T & A= AT 5
FHL v 2 AGEE Y4 F 74 X](nonparametric kernel density

estimaton & o 3 W o] B2 shebv] B2 o] thei BAHS 338 5 Arke 4
oA -8 Wy olth.
87122 PITE ©] 83 &
2y g 483 Aotk
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ht+l ¢]h[+ +¢ph[+] p+p6n rt OShT‘{’G \V 1— Th, Thr\JN 0 1)

(3.10)

hirs1 = Yihi + O pi—exp (= LYK i) + 05y /1= pPEi, fori=1,--- K
{& ~i.i.dN(0, 1)}i:0
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of] 7}7F2 A 4 A (near-unit root permstency)g 7}21 7] W] & o] t}.
TERENE TFG = GEHTHAEZANA y> 1A BF

Al UERGA At o] & F3] 343}7] A8 22 9 SEES
e Zlo] A AFHE dud T Ak B A7 A= 10‘37
el S-S A48t APFE o] 831 QAR oA S A5 A3t Pitt
Shephard (1999)+= vl A] @ ult} 5HE] S E] F 9] wpx] 2 DA o A 2] E
(resampling)3}+= APFL 1l 8] 52 A| Al ki th. 224} Johansen and Doucet
(2008)2} Johannes and Polson (2009)+= ©] &3l 2] =3 o] APFS] &H|7}
EE—‘?‘—/ﬂr(Monte Carlo variance)< = 7} A % —’,\— L8 A ASH T o] s
TARE ejsto] B 03—?01]*1“ ste| S H Y npA g DA oA 2 A
S99 34 &= APFE g & ]%ff}ﬁr/}-

o

_

lM &

ok 23 Je3} A AIC, BIC, HQE ] -&-3to] 23 o] A 9H/3
2 8 4 Yk 23 v E A} 5= -9 AIC(Akaike information
criterion), BIC(Bayesian information criterion), HQ(Hannan-Quinn information

criterion)= Th2- 3} Zro] A o] H th

AIC = —2Inf(Yr | bmLe) + 2k
BIC = —2Inf (Yt | 6mLg) + kin(T) (3.11)
HQ = —2Inf(Yr | OmLg) + kin(In(T))



94 @70l Ak FEA A

[

3

71 A Yo = {y, - ,yr}olH, k= Zetu g 09 X9, T L5 5

322 f(Yr | be)E SRt 223282 GypolA B $EE

Uehdch AG1DY ICE] ¥ FE4E o £2 g0z B 4 gtk
ICE o] &3le] R EL u| w3l AF & u] AICH HQE.t} BICE o] &

3= 7o) B} £ o|slch 9 LkshE BICY} B o] =2 €] (Bayes factor, BF)2}
QA3 Fedo] 17 otk RE ST H B th3l AdEEo] T4
724, B 027} 2ol Sobd Wel = o] 4 9o,
f(Yr|6, My)
BF (M, M;) = L\ T2 (3.12)
(M M) f(Yr|6;,M))

v
stebul el 2 Uebdoh 283 BICE BF (Mg, M)) 9} th& 3 22 A <
BA 7L - Tl A Atk
BIC; — BIC,

In| BF (My,Mj) | ~ =5 === (3.13)
21(3.13) 0| A ZAFL ZF(approximation error)= O, (1) ©| th. 2inBF (My, M) ©]
2~6, 6~10 28] 21 102t} 29, Z}Z} ‘positive’, ‘strong’, ‘very strong’ 3+ 7
© 2 A& 4= I tHKass and Raftery (1995)].

B AL TP B0 Ag hENE ANAHOE o] §3 ¢+ B
A E T AFEAL B3 o5 Bl A4S FHAA S4L
Ak Ao SMAENA AR elaade BH0R W
AL AT 57 B0 &Y SAL SR 1ol 5A A
oz 57 o|A&2 Mt Aol Urkol 9 Y FEE 2
glaazelo] 42He 247 B 4 Lo,

41 2M Xt=2

1954 19 89 ~2010 6 25 71 7+] 370 wb7] n] A R HE ) A5
E(TB3M), 1971d 1€¥ 8¥~2010d 6€ 25¢ 7|7+] 171 9] f2 g
O] ZH&(EDIM), 19981 69 54 ~2010d 6 25¢ 7] 7te] Z&wtk7] 3714
Sk=ro] = 1 A4 E(KRTB3M), 1998 6 14~2011d 12 304 7]%H
o] g=2] g d= =+ e(Callld), 79 = MMF< 9] &(MMF7d), 914 & CD



e gy 95

4E(CDI1d), 91L& CP Y E(CPIId) FAEE ASE 4 o] &3t
D}lg CP91d—F'=X1191fZ G o]AE 2 FEAFUHASTEA A FF

2 4y

_‘N_,
o
1o
R
ofo
N
fru ot
(o

t}7) o] o] 25 11 ¢lt}. CP91dE A8 & (credit risk)
%Eédiﬂ%%ﬂﬂﬂﬁlﬂ CDY1d%} CPY1de]| Tf 3t EHE W54 =
Y 2AARE MRTo 2N AL YL TP B 0282 S
o 5437 RARDS 0| AE hE AR o] 45+ Drlo| g Ee] SHjA
Jd 5L ATE S glrk

[ 113 [28 112 47 D70 A&l thst 8 oF SAFH 1 SAZ
S0 gt 2z =2 EAIS Aojth [& 1194 1B+ B4 A8 =
A% A= 294 ZholAlHEEE w}i% Jar arque- -Bera 747357413* LB(5),

EA McLeod Li AR5 A, E}:/_%LZ]% (Lagrange Multlpher) A xé%
A% eh W, BERbe) 54 £ pik LEIT. T2 2 (19 119 19
2B 1 Ar s, 332 A o] 79 &5 U & 3F=(empirical kernel density)
o} S| ~E T, 183 4395} 5302 Zh2) A} (Ary)? 2] 1007] 2E7EA] 2] 2}
]*Pﬂﬂlﬁ“—(autocorrelatlon coefficient) S = A| 3k Zl o]t} [& 119 (a)3] G ol
S8 2ot EABES 0| A8 S 7 A AR} o A4 A

z_1 ol EQS 7lALS Bz e}k U} Callld, MMF7d :11:41 CD91d
9 %01]L AE7} 247y 272,222, 1831 2898 AFE3E 9 H X (kur-
tosis) 3E T} Ztom g gke W& 7MA = 29 EA4E R ol&
O]ﬂ 9] @] o| 252 A= 73Rt 2 F o B (leptokurtic distribution)
EH 2 qu_,__,__ ‘D}. [ 1] 9/] (b)-’H‘:—;‘E ‘:’_]'7] ]X]—'%EH%AFI:F,—I}_1
8 ok = A 2Fo]t} (b)I) o] A TB3M, KRTB3M, MMF7d9] = 7} 2 9]
b dmon 2l NelE e SAS AL YSe RolF 1 Ack o
9} =&+g] EDIM, Callld, CD91d, CP91d+= o] =& 7[R ngE QB82& o0 7
A REE M= 542 o33 ok [2™ 1]19] 33 o] AAH Ar ] A
Qe EuERes HAETRS BolA oeld 542 w44 S
ok 3 (b)oll A £5Z HL2 MMF7d9] LB(5), ML(5), LM(5) A3 -5

1o fo
O_l

I
r

il

3709 @7 mAARREGASF A ETBIMF 174D T G280 A-Z(EDIM) F3H
A8+ A8 A = http://www.federalreserve.gov/realeases/h15/data.htmlol| A A &= =
Atz olH, k2T 370 Y st=9] F A E AEKRTB3M) = FE5FAHE, g9
o] 9] B 22|(Callld), 74 E MMFo| 2-&(MMF7d), 91 & CDZ: 1 &(CDI1), 91 E CP
FIECPINL 2P A-F= = ARE o] &3 Th

Volupm oz o] RAHAAL 9ot BEMso] AFol tleh Ljung-Box A AEAZLS
McLeod-Li AR E A =Fo|gt stk 28|31 LM(B)= o] BEArd A é% 23l Engle (1982)9]
ARCHA & JEpATEH



g (@ =53 MF7d4 o] A&
MMF7d7} 733t Al G A &3} o] B A4
E AL MMF7de] &9 2o 77k A<
[:/_al 119] 4°3 SOUr 58 5E9 = 1% z«l ZVVJF&H]* (Arr) = 7‘}
7174BASTE THE B o) A& 59 2AEF v S B H, MMF7de] 217
AAAGTEo] § &‘é Eutotyet SAAHCE Fo5HA S FUT
4 ol

2 Ao A= 7] ]2} SEATAHAEY ot A
H7|2 3ttt A2 mgog 3 A1(3.
I A (3. 4)«] MFSVD 63 S o] &3ttt A A A —E-—"—q.—tr’— -2 [3& 2] A A
F o] 9t} [& 2]° A SV-AR(1), SV-AR(2), SV-ARQQ) R & 2 1HF A o]
Edy 7—; AR(D), AR(Z) 183 ARQ) = 2= 2 F S YEFW T, MFSV(2)
I} MESV()E 8L 217y 27) 9} 3709 = 13H& 315/‘4—- 7HA = 2
itk 2211y, = 359 @7 o] A&l ARMA(p, 2 H & 4§35t
Z2E vEFJATE TB3M, KRTB3M, Callld, CD91d¢l+= ARMA(2,
0)Z ], EDIMoll &= ARMA4, 0)Z &, MMF7d¢l| = ARMA(1, )2 g 181
CP91dof|-= ARMA(2,2)Z EHE A L35 T},

[3 3]~[3& 9ol = ZZhe] dr|ojatgof thet SERFAEAR
Fo} 3 28 AeA v w2 93 AIC, BIC, HQ, alm_ 2P 9
B} 1 7] 7F Q] A} S of| & 9 =)o EHU]-Jarque Bera 114 745 A Z(UB), A}
S5 59 FloAFEEZE = Ljung-Box 7 A% 7 2(LB(5)), McLeod-
Li 435 A =ML(5)), Lagrange Multiplier 7 % %5 A ZH(LM(5))©] A Al = o]
Atk [3& 3] [3F 9104 IhetrE 2] ol Y [ FA= BEL
(standard error)E YERU W, Z}7+e] AA A G ok o] ()Y A= p
Zh(p-value)S VFERATE 18] 3 AIC, BIC, HQO A = o] &L
RRg AL O b AL ke ANE 2L e (29 2]

_9. tlo td
o ¢ oft
pxo TeE

AN ZBATE =X T 2o A B AT 28R etk AR 3
o] A=A 2 95% A A Z(asymptotic critical value)< VFEFHATE

RE oA AF8 9= ARMAZH o] 9] th2 2442 ARMA(p, Q) 2B &
HEAHEY FHET= EFoAA AAE 2t 2 A @A A 92+ 24a4
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APFE o] &30} 38k 21(3.8)9] PIT(w)2] L4 AA-S 93 Diebold et
al.(1998)o| A A otd S|AETHS TAISH Aot s|AETHL [0,1]F
L 0.05 G2 F2 3 W29 (percentile) -7kl 3 Fot= FE o,
AL 95% N FF7HS GERATH (28 3]0 = 21(3.9)0 A 9} Zro] APFE
o] &3te] 13 PITE REFFREAWHES] A2 AR FANS 24}
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SATH 29 4L FH ol e £EEAT} 22 A%
Sol 4ZsHA tehte, wa g L3

|
M

x|o] = /‘é (higher order dependency)® 2 3
o] A< AT 4 ATt B P A Ljung-Box d 2] A
R gle 2o ® etttk 22y AxFE o] A|Hee AP

2UCEVEHQ 42537 IBAA T LBZ A, Hong and Li (2005) A A v x]= %
AT R 7] 9ste] thg 22 A% AV*E?{% < o] 83 R AFE S +33ATH

(i) dX; = k(0 — X;)dt + o/X:dWy, (K, 00, 62) = (0.89218 , 0.090495 ,0.032742)

(i) dX; = k(ot — X, )dt + X, dW,,

J
O M4y o)
e (N el e ek

2
it

Ow’
ftlo

(1)(x, 0,62, ) = (0.89218,0.090495,0.032742, 1.0)
(2)(k, 0,62, 7) = (0.89218,0.090495,0.032742, 1.5)
(3)(k, &, 62, 7) = (0.89218,0.090495,0.032742,2.0)

(iii) dX, = k(o — X, )dt + X[ dW,, (x,a,62,7) = (0.0972,0.0808,0.52186, 1.46)
(iv) dX; = (a1 X' + o+ o X; + X2 )dt + o X, dW;,

(01,00, 01, 0,7) = (0.00107, —0.0517,0.877, —4.604,0.64754, 1.5)

(i)~(iv) 2 & S Hong and Li (2005), Li (2007), Chen and Gao (2011) S| = AAE7)
Fo| Ao =9} AAE S AR 95to] o] &8 Yotk ()] CIREH 2| s}t gl
752 Pritsker (1998)°4 o] 88 Z o], (i)-(1), (i), (v) 2B ebul e L Aie
Sahalia (1999)¢] %4 x| o] t}. ()-8} (3)] sheule] A4 y2717F Aol whebd, 5
2257 27171 0 2 BRo U3 B Afol =8 4T R 7] 9% Aolth. e (i)
£ CKLSE &% (i), ()T BF3 74 o] il$ ks 498 4587 98 sepvl g
Zro 2 AASA ) (iv)E ¥ -2 Ait-Sahalia (1996a, 1996b, 1999)0|A] o] & H B & o 7 1
2 szaze @ AY ATIAAATL A 2yl o2 B B YL vjg H7)
U 2 oA sEolAe 48 B7slAAee] YEhAw 227 g 4% 978

;O
]2 7Hth ()9] CIRE QS Al &jstal FAo|FEd=d-E &

Aol v Farhe 574
S gtk 1HBE MaE A% AR YRR TS FRG 5 JEE Milstein o] 4
SE o830 A4 A NTRYPORNA AR E F YA, 22 2 YoAA A%
AR AU A 44 AR E 1090e} 25 0d el AR5}0sY WE A
A R S AT 25 el el A e AL AT A
AABADE Aol Asire) & A HE w AYS 10008 £HHATE 2 APL B
FEEN S5F, 190 BRI A G FTSF 1%, 5%, 10% 79 520 A LB A
O

A2 3 IBA AT A D 443-S 74 3H= Hong and Li (2005)9] M(1,1) 2 A ol A T}t}7) 2+
(over-rejection) 2] AFo] = 9= 9] b‘rlﬂ—” T A& Feldls ) 3] Hong and Li (2005)2]
M(1 1) AR AN E, ASHNE, —r'rEJJ'-J 3z|e} AA Qe AR EA S

< o} Zho] HASt= 2o 2 eyt 28] 32 Hong and Li (2005)2] portmanteau
73 7§ L o)21E £E A HE 12}9] o & A (higher order dependency) & & 3 2H5}o] (detect) T}
t}7] Zo] A Sk 7 ol S 2 Uttt 223 49 ZoAF Aol #s Kt
ZHA g W &= ARE A T Atk

FO iﬁ

£ 2
3
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=
Atte A 2adddy) a8y =4
S

Ljung-Box A ] Fo A4S F=otA 1L =2 AL 7|7t =
AL utdAsl7) g2 Ao 2 AdATh [F3][F9]1Y A4 EAR AL
HAAR AR EARY o) a2 HE 2= FEUTAHEY olgt=
EAof 7]AT 4= Q7] wjZolth B B4 HHL FEHFA 2T
FEad gt gl it 23S FlA B o|AE Y P EAS
EAsted Ak 2 B2 AGAFoZ A 2 AR o] Ak o] A 7St
TAZFE A e vt o] T ASEA A5 AW EHA JBHEAF LBAA
o el A& o o] AF3HA &7 = st
WA TB3Mof| thst FH AFE A B2} (19 219 130 =AE 3
AEINS WY BE 28| A] 0.250.35 L 7H A 95% A F F7HS H
= Ao® UEgth [ 3] 1o EAH QQEXS HH, EE R

o]
3
oA FZIE] 7L 95% AF e 2FA Yoy leng By ng
2ol oA FAR ASE UYeUAIT I A== AZ46HA] 2 o'
AT 1 AT TF A ZAEA] k2 S B FE ) [ 3]914] MFSV3) R 3
= A& g B B3 oA McLeod-Li #7832 LM A A ©] 5% F-2] &0l A
T3] goem, MFSVQR)EE 9 AF 1% FFTodA= FYotA &
oug ZAREMN O3 2PHA] 2 FI Qe Aog B 5 Jrp
&3 gkgtn e = SV-AR(DE F 0.54, SV-ARQ)E & 0.54, SV-AR(3)E
& 0.51, MFSV(Q)E2 3 0.49, 18|37 MFSVQR) R 8 oA 0472 FAHE S
H BT Fo% Ao R et ol# s 8 setv|E 4 A=
TB3Mo] ‘drift-induced stationary’ = 2] u] sttt 23| A =25 ¢l 5 o] &
7] 0] A& 2] DIS = VIS o = =8 3} st g yo] 7)o oJs| A 2
AW, FAGo e AF2AEL MY FLA B3} o] A& 0] 00]
HAY R E ket A] EE sk 2 A ol th B B4 o A= ARMAZ
HE JE P AEE BASACBE JA ol it Al k2 55

FE AT & glok 28U BE BYA FH X7 ¢k 0.5°] 22 TB3M
o] CIR}A I} 22 T8 3E 7IA &= DIS FEHHolet= At 544

b

G50 A3 A A Y g FBAS pt FI3 019 017
245 Ak ole @ Ao 71 & AF ARG AF o] §5 = p =09
A U

£ 3 olste] A4 BAG AN RS E L 5%ol Tk




100 7)o e A 54

7} o] TB3MO] FEf A Q EA& AWt 237 S5
MFSV(z)Efﬂ FH 405 HH g2 % o] A o]
0292 A ik o] A3k 2(Pe olAEFT Ao BT
AN A B WEA S F7HE)A LS ] Seh MFSVE) 28 42
oA e=p 2 Fo5HA 2 Wb, pr 9} ps= 7¥7_l © 93} -0.602} 0843
FAE AT MFSV(3) 2 & 9] 49 McLeod-Li 7
Zo A 5B AT 1% o] = F ol A= 593
FAATANA p 2}t p3 FAHA] A Fo] & 2
[3& 3]°ll 4] AIC, BIC 183 HQE 7|F
MFSV(3)2 &, SV-AR(1) 2 &, MFSV(2) 2 3 o] 4 &
AIC% A2S EAGE ALo] 27 0] 8E S 9
%3} 1CQ Wi, BICS HQE 239 EA4xtg
= U X4 (consistency)?] EAS 7FR 3 Q)
3l ALox BAE Ao we} Ao s 1 E
o] F = ICo] w}g} Alo]dt BE3o] AEig 2
2 B 4 Stk AICE ] &3t oA & thadr
I MFSV(3) 2 3 o] 2 xtol& Holx] gron, HQE ©]-& & n] Lo A
SV-AR(3)2. &, MFSV(2) 2. &, MFSV(3) 2 & 0] 2 x}o] = H o] x| ¢F=T}.
I8 MFSVQ)E 3 9] Aol 5% 19 5+ A McLeod-LiZ 4 2} LM
AR o] 49328 MFSV(3) R &2 vl ol Al 219 & 4= glth BICS} W ]
= ejo] that 24(3.13)] BAE T s, BICES o] &3 2] wel A
SV-AR(1)X2.3), SV-AR(3)2 &, MFSV(2) 2 8 o] A& $2]35}A] oke IED}
2o x}o]2 B o]l 9t} o= SVAR(DF 22 H| LA thadt 23 o] 9]

IEHEP@E

gy

N

» F

o

0

U
oy

r(r 5 O A ON

A% 4717198 E28 4 9l SVARG)E I3} MESV() ¥ 3 = TBIM
o AEATHE UYL AL Av B AT AR T2
oA ol BY GAR AL ML HEAEA BFE] AN

1 GE AT S Atk BIlo g FHAA Y SHS 24 o}
t $2ER st g y 237 BF WEAER ICEL 0|58 2]
HEE A2 1@ B gk ol F 43R o wrlolagel o
3 A AL ol FAR FRATHES 2 5 gtk 2 FICE
NEom @ BY MRERE /1 A7A thFs Bye] AL o
F2AAT S Jon, RAS A et e BYLS AT 5 93 @
% 9k

thgo2 EDIMO] that 574 238 A HA (13 219 28 o] 5

JAEIYL BE BPSBo|A AP0l FFHA Gt o= »}E}w



Atk [ZF 319 2880 59 79 QQERL L% A E 0] 95% Al
FFE Hojya gloeng x99 QEZ nt FAL AR B 5
Atk o]+ UUU —E—E of thgt 7} o] TFH A = v gttt [3F 4]0
A MFSV(2) 3 o] A2 McLeod-Li 433 LM A A o] §9] 311, MESV(3)
29 A 1% T olA = sttt webi] MESV(3)E o 23
ARl FEA F2 Aer B 5 Uttt EP 5 g 2 R4
AFEAZFE FYstA & Ao =2 ettt o283 st g v 4
%)= SV-AR(1)E & o] A 1.10, SV-ARQ2)E & o] A 1.08, SV-AR(3) & & oj] A]
112, MFSVQ)E ol A 1.322 FAH Itk 7 YA 7} 5 7231
Ho & gto = zz%ﬂ@ © B g EDIMo| VIS EA S Hol= Ao g 3|4
8k 4 9Ith SV-AR(DE 3, SV-ARQ) R, SV-ARGB)EE ] p FAHAX = ¢
O] 5FA] kA RE, MFSV(2) 28 9] p1 I} po &= 242} 2] 8H-0.35,0.18 2 7 =
ATt olBl & FAH A = F(PY olAEFTF ol F7IHT AN = H) 3
T v A HA FAlO GAIAQ AEAdole (DY FFS v v
e} [ 4]0 A AIC, BIC, HQE 7|20 % 232 H| w3, —.Z,*MFSV(CS)
2, SV-AR(HE Y 2831 MFSVQQ)E g o] AEl ). 121} MFSVQQ) R
FL25% FolaFolA 282 MFSV(3) R E -2 1% 79 4 F ol A McLeod-
Li 443 LM A o] fostng FEHTAES 29 AYsHA Zote
Aoz B 4 9lth? 18 BICE ©]§3 23 vl oA SV-AR(DE 3 3}
MESV(2) 2 & o] Z}o] 7} ¢k 0.63 B == 2] u] 3 2fo] & W o] A& ¢k=th
}S © @ KRTB3M A 23E 25 B 2} [282]2] 38 o] T A E 5]~
EIHS W, SV-AR(1)E 3 0] 0.40 0.45% 9], SV-AR(2) 2 & ©] 0.05 0.1
£ 9} 0.40 0.45 9], MFSV(2) 2 3 0] 0.40 0.45 9], MFSV(3) 2 3 ©] 0.05 0.1
H A 95% A= F7HE Hoj v A2 YEhEth [17 3]9] 3380 &=
Al QQER<S HY, [19 2]9] s|2E2 3104 95% A= 73k Hlojd
AL ZE BP0 td QQEXRE T 95% A= 772 Hlojue
o= L}E‘rﬁu}. ol#]gt A= B Y Fxo h 7 o] FEHA &
== ngth [& S]olAl+= ML) LM(5)S] AR A Fol BF 72

|

il

l

0.

—_

A tomg nE o] EFMZTAL RS AWty 9SS Ho
o FEad sy y FAAE EF 726k, SV-AR(DE B oA

2608 8 o) = A 7] ] A W 2 2] A F (simulation experlment)a A FEAETA
AR S AUAA B2 B¢ xEAE J—(nome)ﬂ}ﬂ AL8ES 7= FEHEA
oz mAgoH BTN o BE AR E ETA Rl 497} TAY FE
82 BT 4 YT o9 2L ST B Aol A EATE AvrAQ FEWS
AEYE Ao o B4 ARo] FENEA AR 27} REAA Y AvpA A Be
BN BE QA AAAL 2 5 Ygo] #el@ Bas) v}



102 @70l & EEHA A

o,

o 54

1.29, SV-AR(2)E & ol| A 1.27, SV-AR()E & o A] 1.19, MFSV(2) R 3] o] A

1.09, MFSV(3) 22 & o] A 1.38 2 A = At} o] 23ty =4 X 52 KRTB3M
o] VIS 54 L /M 4 9L RjErhuded FEUEARY S A

F2PA A AL AT FRAS pE F 8 028022
2 FAHJh.22 I MESVQE A& py FAE A& 84 -2 1t
H 0 F A= 5% Fo 4= A shA A 2 2 {7 2] SHmarginally significant)
-0.28% A At MFSVR)E oA = pp FAX T 72 3H-0.830 82 F
BHE AL 1 pre FY A F2 AL ® UEHTHAICE 7€ 2 Y
= "3 SV-ARQ) & o] A== A2k, BICe HQE 7|FCo & vl st
W SV-AR(DE P o] AE= = o2 Yepgth 53] BICE 7|€22 &
3%, SV-AR(DE P o] T BP0 6HE T 2 Aol & Hole= AL &

2
Ath22] 3L MESVQQ)RE FA ATl A A i 2ag5dsA WA A
o Aol thek A2t oy, 7t 7 A 2 H2 IC7|E o= AEd

ddeQl SEHTARY ] Bt} Yol 55 HoAFTh2 U SV-
AR(1)E 32 SV-AR(B)E 2] W EZ 23 (nested model)o] 22 =1 A A
oz % H T 4 9t} [& 5]9 A SV-AR(1)2 & T} SV-AR(3) 2.8 v 7=
919 A2 20) Aol A BRES w2t SEu 0 EA T 5912668
o) B2 SV-AR()EYE 7128 4 gtk EBGo] ofd 4ol ICS
o83 27 $ 8T 5 ANV ITRAES A SE0ALS o 43

e} tiu o} 22y MFSV(3) &2 32 SV-AR(1)

The o 2 Calllde]] thgt AR5 AHEAL [27 2] 430 =4
H3 RIS B, BE 29 50] 0.05~0.1' ol A 95% A F 7=
Hojupar glom, thal B2y F-%ol& 0.90~0.95H A = 95% 4l
F ke Bloua Aok [2d 319 48] 58 QQERIME EE R
FEol FERYFTZNA 95% A FFe Hlojd Aoz yehva itk
[Z3 2]~[2 % 319 A= BP9 F3xof th3t 7 o] S&oHA &

2 X
ol u]ghe}. [ 619 Callldel] T3k 574 Ao 4= ML(S)T LM(S) 7
Jo] HEUEAS I A

= J
2ol A y 2HA 7} 18T ZA T

td

oft

ol oX UIO
Am ok oft mfo -

-



3] MFSV(Q2Q)E & of| A 7} &2 0.70%
Callld7} DIS E4< 71X 11 9&

3
=
=<
vl
wn
=<
R
2w
ot
Lo
o,
o
1:1[0 o)

off 1o

oX o

N
D)

o o

5 o

{o, 1M
o

of N

ol o:

o9 o=

o .

1

+

39,

£

=<

)

v

<

@

|

ot

=2

X

2

5§
N,
=
3
o
Ao
rlr
Jo
2 lo
<
S
(o]
N
o
o
o
u
ol
oX
Rl
32
=
©
rlr
v}
ko rlo
ro,
Bl WY (B o 10 (T

MESV(2)E & o] Ml Ht}. 221} BICE ©]-&3F vl alof| Al SV-AR(2)

Aol ke Mol 1 gong ¥ myol

o Fa o Jo ot bt o N

3 T Ao AL (2" 2] 530 5
B 2B g REY B3 S 0] 0.05~0.10, 0.55~0.60, 0.95~12]
Yo A= 95% 3F3HS M o] L} 0.15~0.30, 0.75~0.85] M 9] o] A = 95%
Hoju= A& vyttt [27 319 533 o] =AH QQEXollAl=
PEo] Hx LEZF mEREolA 95% A F FHE Hojus &
g 4tk o]y st At By Fxof it 7t o] FFHA
Yt [F 704 2AFEA QD5 A Fo] 25 79

> do
=5
=
=
>

N
—~
[oF

1 o 30 Ok 5O flo FI oX o it
g
l

ko
y

=<
i
w2
<
©
|
oflt
=2
>
rlr
e}
(9%]
rr
Jo
(o]
o
ok
)
58
)
=)
o
A
e}
[\)
rr
i~
(g N
“ 4o
Tk
m e
» o
TN
fo

o

vk =1 A4 BAZ] 593 8540 B2 SV-AR()E 7] 7+
= Atk SV-AR) R 3 9] 7%, ML(5)3} LM(5) X1 &8 A o] SV-AR(1) &
1o] 1A HISIA Tha AR = 0 2 LRt o] = BB M E A9 A%
AN Aol 2818 o] EaAol te A E L k5L 5 S L

o|N

thg.0 2 CDOlde| Th e 53 A7HE A R 2 (13 2]9) 63 o) 59



[*]

104 @70l Ak FEHE AP 54

[

B AE IR A BE 23 E0]0.05~0.108 Y o] Al = 95% 3} 3+2, 0.20~ 025
HAANA = 95% AFst= Hoju= Ao 2 yehvta 9ok 28 i o 742
2o A 0.75~0.80 9] ol A 95% AF3HS Hloj vt ot [28 312 63 oﬂ
SAE QQERAANE 9% ner/t A EEET FAL 222 YR}
9tk o]F e A= AvrA o7 w3 Bio g3t 71 H o] 2EFXA
= Yu| gttt [£ 819 FAHZEAAE Y, RAFEA JAGEA Fo] =
- vJ 3ttt o]l 5% o TFoAA BE B0 EHFTAE AYI]
| =< Yrgtth 28y 1% o 5T oAl &= SV-AR(DE &,
SV- AR(2)+6§ ,MFSV(Q)E2 3 o] 2] 5}#] gk A2 UrEMi ATt o=
2389 £2&3 ggn g y= 7+zH 1.70, 1.72, 1.602. 2 Z=A = o] CDI1d
7FVIS S4<2 7HA I o= HoJETh SV-AR(DEF JJrSV ARQQ)E 3 9]
S AT AR A Y nedEY AAAT pe gk oF-025%
FA8E Ao, MESVQQ)E R 9 p1 3 pr= 247} °4d0914 03282 =4
Atk 283 AICE 7|£2.2 B35S ¥ W3 SV-AR(3) 7} A1 & =] 7]
0l 2 AR B A E A ko) B2 o2 NEldls AL uleR R
%ttt BICSI HQE 7|22

i:l
o°"
N HE

i

é
olv
S
N
lo,

P2 H3E SV-AR()E F o] AEs
2102 YJElYTE BICE 7|&£202 28-S v wstd, SV-AR(1) 23 o] 45
o} 2 olv) @ Ko & Hol: girk. TejLh SV-AR()E § % SV-ARG) R
P2 st PENAA $AFe] #9% 6340] 22 SV-AR(EH L
7128 5 9k

npA et o = CP9ldol thet Fd3E AsE A} (17 219 73 £
B AEIHNAH BE B3 0] 0.45~0.50, 0.90~0.95H 2 | A 95% 3}
Holuba 9o, 0.15~0.35, 0.75~0.85H Y | A = 95% 43S |l o]
Ao g Yertal ok [’ 319 730 53 QQEFANA = &
FollA 95% AE & Bl A AT AXHE JH A i
2R GRS B io] = A& YERa QT ol st A= By &
Zof| thgk 7 o] FEHA Sas HAETh [£ 919 AN 24

my S rok
%11 fr tlo i

ﬂ

Skl e ATEA Gl BE §oI5HA oBw BE WG] HE
F42 38 A9t Aoz B 5 Atk BE Yol N £E R vhe}
1

u g y7} 29| 77t 7|2 FAEJQCEZ CPIId7F VIS EF L 7S
& Atk Fd gl E‘retﬁ%/ﬂ_‘%% AN p FHA= Fo3H-03 o=
44 aiu}. MFSV(2) & 3011/\4 = p1 & v«l o2 942 R pr= 7 8 -
0412 AR5tk MFSVR)E oA p1< 5% TA Fo|A StAH R
913+0.36, p, &} p3= Z+2+ %,] BP -0.59,0.672 FA = 2t} AIC, BIC, HQ
£ o] &3 2y nluoA = SV-ARQG)EF o] AHE = ASoE et



Z2ENd - ubg 105

i
il
e
N
o

X,
rlo

of

N
oX,
lo
A
o,

SV-AR(3)E 3 2] ML(5)3} LM(5) A *% 74]

) E e =], ©] & SV-ARQQ) R
Ao AT 4% 9t /\]_9.
(l)JJrZ* | ARQ)FAH o2 F 73
ol ioq—l—_l_ O’Ir/], E\t—-?}, O]E:I
AL Z YEYA = A vk

4
flo ¥
N

N

N

o,
Jk‘lo
N

i O.u.z
>
= g

_CL

N o,

wx fr o
ey
-

:(> oH, >l‘,
> oo
o

rr 2,

fo
e
E 0
oft 2
oX &

2

rE oo ndt
|

o —
L a
g n
oPﬂ

1o rr
N

1B oo
oX,
tlo

N o
oX,
0]
nn[m

Hu Ay =
o Ooff MY
o,

>

3}
&2 HolZrh 9 ukste A 89 P ol
AR HEAFHOE Hehhs 49 BL2 3
Hrhore ol FENTARYC Rt EL AR YL 1A A
zﬂaammmaa%ﬂaaﬂ%aéaﬁﬂ@ﬂ

o= GehA) i ©hrlo) A& SENEA
1&&@ ﬁﬁiiié-ﬁ5”41*

do

i)

©
HN e lo 1o 0N

oo > NN oyl N
rft
N

off
Fd oXx ofX

[e:

&
U
L

~
o &
nrlmf*&”

o

o
rlr

X0 O &

mo 2, oft

A27HA) A8 ThFe T ol A8 $HENE A
1A S o] W9 ol e S o] S
u

(o]

oX,
kI
>
P ot
>
©
r =2
U[o
AQ
cﬁ
i
rH
o
N
rhy
R

ol
=
rlr
PV
o
T
2
N
kI
%0,
=

TB3M 3} Callld: ~=& 3 ghelu g y 4 X 710590 714 AL 12T
DIS %*é% 7}21 = Ao=g UEygth o 2
ATSM == QTSMe & A3 4get 4~ 9l&2 on|dit}) 1
7] W%; < 2335k AP} o) A& IS FIH A E A,
ael1 g3 e 5o ATSM == QTSMS 283 4= 22 2 v dtr},
o] ¢} =] EDIM, KRTB3M, MMF7d, CD91d CPIld: £33
7”* xl 7HET 2 VIS 54 7HA+ i a2 g7e= AU
o] X 5
J

© oo 14 9 oft o N

k12 rlo
4 0, of
m]n 1ok

rﬂ ““0

OM Ol%% i‘%‘o% o] A& 7| HF 2 9 Eﬂvﬂ, Nl

T4 &2 T A== Y vt 53], Abe&
%%71 Aso] B FEMA 2P R AAREZ YL ejaadeE sl F
B A7)0 A& L X & YutAd o g o] &3} Callld, MMF7d, CD91d7}
] AFo]st kA S EAS RS QT ¢ ) A A E vle}
Zro] Callld”7} DIS 57442 7H ol ¥tafl, MMF7d<} CD91d+= VIS 54 < 7t
A= AL & Yergtth meba] o]d o2& g F A @ @7 o] A& &4
2 AE =Tt et s AE A A8 elaade] Aot Aol etA
Uetd & S Aottt dr]oja& 9] PP EAS Tw5] e 5HA]
A F AT o] AHE A E AH et A-F =R g2 4

]l



5. 22

EAFNANEFTEHE 2= dHEA FEHFTHRY S o] &
5t L7 o) A& R AR o] §5 = A7 o|AEEY MY &
A& sk o] & T3l T o] A& ALY EA o] 7] o] A& 7T
TREYY 7R Bt =A & A E YT @7 o|xbg o AL o
70| 2bg SERAR Y AsA TSI =28 2 etu|E Y A7)0
w2l DISSFVISE #3228 & Jth A FASEA D F5AF SolA 7+9
Fd7) o) ZE2 g E X2 dutd o F o] 85 = TB3M, EDIM, KRTB3M,
Callld, MMF7d, CD91d 3¢ z}5 ¢l thst AF+4 23}, TB3M Callld

n}o] ATSM == QTSMO] 7] & o] 248 7| 7+ 22 2 & 3} R3}H3t= DIS 4
S 7HA = Aoz JEth o] 9 @8 EDIM, KRTB3M, MMF7d, CD91d
% ATSM, QTSM 3} £-313817] oF= VIS 548 7HA & A2 2 YERgtt o
3 B4 A= DISE 714 8= ATSMI} QTSMo| 0] 5 ©@7] o] A& 59
THAA S SES AT S B oty ol B o)A
O] A& 7| T F 2R o] A 71 = A2 ATSMI QTSM 2] ©7] = (short
< o] gtrh 5k ATSMY} QTSM] ©]
2 JZ 7l AZA RSB of g e xFAL
PEo] &7 0] Z}%A DISE 7W o}ﬂﬂr °l fﬂfﬂ 7}7@ 1 v

Ral
o

(g
fu e
Nﬂ

[o oo O Mz M kI

7] o] A& ﬂ%‘lxl A o tﬂra} forq 14274, sHyd=E7142
&l T 47 2A gt A 5 Atk I

]O]x} 2l CP9ldell that AFEA A}, A
2 UetA ¢ka @Ak FERE
of FAUdeEHN FEUTAHY AL
1tk & A7 EXNAREL thgFs @)
H2] ¢ FARA G o) A th8A] "o

)
l>
i)
Fd

O, oo
do
U i
o

o, oto
o o
N

ofN U e >

N
N
N

(e
o]-ﬂ [‘
ool
4 o
i
)

fad O_L4

%
ofr
L

03:
fifo
i)
+
N 10,30 © o M

oy
0,
—|>il —_—
o

¢

M ok
=
3:0
?9.
o d

ox

fio

K

v

ofs
ol

jas)
-

o 0 do b Lo ook ox, 3O b 1 ofw ot i N

34 o o ol e ot
o]

o oX
tlo 2
N

lfes
fijo
>
>
ol
o

rie 0
re,
o
=2
> 2
Ae
1%
R
ne
Z
X
rO
fo
il
(e
ol
oX
il
o
rlo
ny’
(ot
oft
fu}
1o
:>.i_'4,
(i
N
N



e gy 107

At I AEIYGEAAL AA gons AR AEAo A
0| 5t] 7142 P& 5ol Ghek. 181 B o] g o] VIS 54 L Kol
L ASE ARAAL EFHE DRAA AAAA ARG S (AAE o)
@3 st B QA7 AL v ek FARRI ol A8 TSR] VIS
S BT 0|8 FAW /E 0| BRY A§o] A4 Aol WK
Jge AE Apatolh EEEE 2o we th2A tehd 5 Qek 2
2 VIS 54 85 R0} o] Bof gt 4ol A DISE 7Hg s
NERGS UHH 0T BEHY] AL ALLE VIS SHS Mol
@710 AR 820l A A} el ) A3l o)A P8 A
& Zo] Bash ol @@ Bl g thgx Aol A AT
g 43l VAL T e BAL FF AP A TR
st



108 @70l Ak FEHE AP 54

Ahn, D-H. and B. Gao (1999), ”’ A Parametric Nonlinear Model of Term Structure
Dynamics,” Review of Financial Studies, 12, pp. 721-762.

Ait-Sahalia, Y. (1996a), "Testing Continuous-Time Models of the Spot Interest
Rate,” Review of Financial Studies, 9(2), pp. 385-426.

(1996b), ”Nonparametric pricing of interest rate derivative se-
curities,” Econometrica, 54, 527-560

(1999), "Transition Densities for Interest Rate and Other Non-
linear Diffusions,” Journal of Finance, 54, 1361-1395

Andersen, L. and J. Andreasen(2000), ’Volatility skews and extensions of the
Libor market models,” Applied Mathematical Finace, 7, 1-32

Andersen, T.G. and L. Benzoni (2010), ”Do Bonds Span Volatility Risk in the
U.S. Treasury Markets? A Specification Test for Affine Term Structure Mod-
els,” Journal of Finance, 65(2), 603-653,

Asai, M. (2008), ”Autoregressive stochastic volatility models with heavy-tailed
distributions: A comparison with multifactor volatility models,” Journal of
Empirical Finance, 15, 332-341.

Asai, M. and M. McAleer (2005), ”Dynamic Asymmetric Leverage in Stochastic
Volatility Models,” Econometric Reviews, 24, 317-332.

(2006), ” Asymmetric Multivariate Stochastic Volatility,” Econo-
metric Reviews, 25, 453-473.

Ball, C.A. and W.N. Torous (1999), ”The Stochastic Volatility of Short-Term
Interest Rates : Some International Evidence,” Journal of Finance, 54(6), pp.
2339-2359.

Berkowitz, J. (2001), “Testing Density Forecasts, With Applications to Risk
Management,” Journal of Business and Economic Studies, 19(4), 465-474.

Bertholon, H., A. Monfort, and F. Pegoraro (2008), "Mconometric Asset Pricing
Model,” Journal of Financial Econometrics, 6(4), 407-458.



A d g 109

Bikov, R. and M. Chernov (2009), "Unspanned Stochastic Volatility in Affine
Models: Evidence from Eurodollar Futures and Options,” Management Sci-
ence, 55(8), 1292-1305.

(2011), ”Yield Curve and Volatility: Lessons from Eurodollar
Futures and Options,” Journal of Financial Econometrics, 9(1), 66-105.

Breidt, F.J., and A.L. Carriquiry (1996), “Improved quasi-maximum likelihood
estimation for stochastic volatility models,” Springer.

Chen, S.X. and J. Gao (2011), ”Simultaneous specification testing of mean and
variance structures in nonlinear time series regression,” Econometric Theory,
27,792-843

Chen, B. and Y. Hong(2011), "Generalized spectral testing for multivariate continuous-
time models,” Journal of Econometrics, 164, 268-293.

Cheng, P. and O. Scalillet (2007), "Linear-Quadratic Jump-Diffusion Modelling,”
Mathematical Finance, 17, 575-598.

Cheridito, P., D. Filipovic and R. Kimmel (2007), "Market Price of Risk Spec-
ifications for Affine Models: Theory and Evidence,” Journal of Financial
Economics, 83, pp. 123-170.

Chernov, M., A.R. Gallant, E. Ghysels, and G. Tauchen (2003), ”Alternative
Models for Stock Price Dynamics,” Journal of Econometrics, 116, 225-257.

Collin-Dufresne, P.and R.S. Goldstein (2002), ”Do bonds span the fixed income
markets? Theory and evidence for unspanned stochastic volatility,” Journal
of Finance, 57, 1685-1730.

Collin-Dufresne, P., R.S. Goldstein and C.S. Jones (2009), ”Can Interest rate
volatility be extracted from the cross section of bond yields,” Journal of Fi-
nancial Economics, 94, 47-66

Conley, T.G., L.P. Hansen, E.G.J. Luttmer, and J.A. Scheinkman (1997), ’Short-
term interest rates as subordinated diffusions,” Review of Financial Studies,
10(3), 525-577.



110 @70l Ak FEHE AP 54

Cox, J.C., J.E. Ingersoll and S. A. Ross (1985), ”A Theory of the Term structure
of Interest Rates,” Econometrica, 53, 385-407.

Dai, Q. and K. Singleton(2000, ”Specification Analysis of Affine Term Structure
Models,” Journal of Finance, 55, pp. 1943-1978.

Diebold, FX., T.A. Gunther and A.S. Tay(1998), "Evaluating density forecasts
with applications to financial risk management,” International Economic Re-
view, 38, 863-883.

Duan, J.-C. (2003), ”Specification Test for Time Series Models by a Normality
Transform”, Working Paper, University of Toronto

Duffee, G. (2002), "Term Premia and Interest Rate Forecasts in Affine Models,”
Journal of Finance, 57, 405-443.

Duffie, D. and R. Kan (1996), ”A Yield Factor Model of Interest Rate,” Mathe-
matical Finance, 6, 379-406.

Durbin, J. and S. Koopman (1997) "Monte Carlo maximum likelihood estima-
tion for non - Gaussian state space models,” Biometrika, 84, 669-684.

(2000), "Time series analysis of non-Gaussian observations on
state space models from both classical and Bayesian perspectives,” Journal
of the Royal Statistical Society, B, 62, 3-56

Durham, G.B. (2003), "Likelihood-Based Specification Analysis of Continuous-
Time Models of the Short-Term Interest Rate,” Journal of Financial Eco-
nomics, 70, 463-487.

Engle, R.F. (1982), ”Autoregressive Conditional Heteroscedasticity with Esti-
mates of the Variance of United Kingdom Inflation,” Econometrica, 50(4),
987-1007

Feller, W. (1951). ”Two singular diffusion problems,” The Annals of Mathemat-
ics 54, 173-182

Fong, H.G. and O.A. Vasicek (1991), “Fixed Income Volatility Management,”
Journal of Portfolio Management, Summer, 41-46.



ey . A u 111

l “

Gallant, A.R., C-T. Hsu and G. Tauchen (1999), ”Using Daily Range Data To
Calibrate Volatility Diffusions And Extract The Forward Integrated Vari-
ance,” Review of Economics and Statistics, 81(4), 617-631.

Gerlach, G., Carter, C.K. and Kohn, R. (1999), "Diagnostics for time series Anal-
ysis,” Journal of Time Series Analysis, 20, 309-330.

Granger, C. W. J. and M. J. Morris (1976), ”Time Series Modelling and Interpre-
tation,” Journal of Royal Statistical Society, 139, 246-257.

Harvey, A.C. and N. Shephard (1996), “Estimation of an Asymmetric Stochas-
tic Volatility Model for Asset Returns,” Journal of Business and Economic
Statistics, 14, 429-434.

Higham, N. J. (1988), "Computing a nearest symmetric positive semidefinite
matrix,” Linear Algebra and Its Applications, 103, 103-118.

(2008), Functions of Matrices : Theory and Computation, STAM,
Philadelphia

Hong, Y., H. Li (2005), "Nonparametric specification testing for continuous-
time models with applications to term structure of interest rates,” Review of
Financial Studies, 18, 37-84.

Jacobs, K. and L. Karoui (2009), ”Conditional volatility in affine term-structure
models: Evidence from Treasury and swap markets,” Journal of Financial
Economics, 91, 288-318

Jagannathan, R.A. Kaplin and S. Sun(2003), ”An evaluation of multi-factor CIR
models using LIBOR, swap rates, and cap and swaption prices,” Journal of
Econometrics, 116, 113-146

Johannes, M. and N. Polson (2009), "Particle Filtering,” Handbook of Financial
Time Series, Springer.

Johansen, A.M. and A. Doucet (2008), ”A note on auxiliary particle filters,
“Statistics and Probability Letters, 78, 1498-1504.

Jones, C.S. (2003a), "Nonlinear Mean Reversion in the Short-Term Interest Rate,”
Review of Financial Studies, 16, 793-843.



112 G0 2g FEAA AHAZY 54

(2003b), "The Dynamics of Stochastic Volatility: Evidence from
Underlying and Options Markets,” Journal of Econometrics, 116, 181-224.

Kalimipalli, M. and R. Susmel (2004), "Regime-Switching Stochastic Volatility
and Short-Term Interest Rates,” Journal of Empirical Finance, Volume 11(3),
309-329.

Koopman, S.J. (1993), "Disturbance smoother for state space models,””’Biometrika,
80(1), 117-126

Leippold, M. and L. Wu (2002). "’ Asset Pricing under the Quadratic Class,””Journal
of Financial and Quantitative Analysis, 37, 271-295.

Li. F. (2007), " Testing the parametric specification of the diffusion function in a
diffusion process,” Econometric Theory, 23, 221-250.

Li, H. and F. Zhao (2006), ”Unspanned stochastic volatility: evidence from hedg-
ing interest rate derivatives,” Journal of Finance, 61, 341-378.

Kass, R.E. and A. Raftery (1995), "Bayes factors,” Journal of the American Sta-
tistical Association, 90, 773-795.

Kim, S.J., N. Shephard and S. Chib (1998), ”Stochastic Volatility: Likelihood In-
ference and Comparison with ARCH Models,” Review of Economic Studies,
65(3), 361-393.

Kloeden, P.E. and E. Platen(1992), Numerical solution of Stochastic Differential
Equation, Springer-Verlag, New York.

Liesenfeld, R. and J. Richard (2003), ”Univariate and multivariate stochastic
volatility models: Estimation and diagnostics,” Journal of Empirical Finance
10, 505-531.

Litterman, R. and J. Scheinkman (1991), ”Common factors affecting bond re-
turns,” Journal of Fixed Income, 1, 54-61

Longstaff, FA. and E.S. Schwartz (1992), ”Interest Rate Volatility and the Term
Structure: A Two-Factor General Equilibrium Model,” Journal of Finance,
47, 1259-1282.



e gy 113

Monfort, A. and F. Pegoraro (2006), "Multi-Lag Term Structure Models with
Stochastic Risk remia,” CREST Discussion Paper.

(2007), ”Switching VARMA Term Structure Models,” Journal
of Financial Econometrics 5(1), 105-153.

@ksendal, B. (1998), Stochastic Differential Equations: an Introduction to Ap-
plications, Springer, Berlin

Pitt, M.K. and Neil Shephard (1999), "Filtering via simulation: auxiliary particle
filter,” Journal of the American Statistical Association, 94, 590-599.

Pritsker, M. (1998), "Nonparametric Density Estimation and Tests of Continuous
Time Interest Rate Models,” Review of Financial Studies, 11, 449-487

Rosenblatt, M. (1952), "Remarks on a Multivariate Transformation,” Annals of
Mathematical Statistics, 23, 470-472.

Sandmann, G. and S. J. Koopman (1998), “Estimation of stochastic volatility
models via monte carlo maximum likelihood,” Journal of Econometrics, 87,
271-301.

Shephard, N. and M.K. Pitt (1997), "Likelihood analysis of non-Gaussian mea-
surement time series,” Biometrika, 84

Smith, D. R. (2002), "Markov-Switching and Stochastic Volatility Diffusion
Models of Short-Term Interest Rates,” Journal of Business and Economic
Statistics, 20, 183-197.

Sun, L. (2005). ”Regime shifts in interest rate volatility,”, Journal of Empirical
Finance, 12, 418-434.

Thomson, S. (2008), “Identifying Term Structure Volatility from the LIBOR-
Swap Curve,” Review of Financial Studies, 21(2), 819-854.

Trolle, A.B. and E. S. Schwartz(2008), A General Stochastic Volatility Model
for the Pricing of Interest Rate Derivatives,” Review of Financial Studies,
22(5), 2007-2057

Vasicek, O.A. (1977), ”An Equilibrium Characterization of the Term Structure
of Interest Rates,” Journal of Financial Economics, 5, 177-188.



114 7] o|2HE e e 54

Yu, J. (2005), ”On Leverage in a Stochastic Volatility Model,” Journal of Econo-
metrics, 127, 165-178.



ey . Ao 115

£ 1197101248 2. SAF
(A) 1y

TB3M EDIM KTB3M Call MMF7d CD9I1 CpPI1

e 4.92 6.37 7.76 10.56 10.57 11.41 12.55
EFHA3} 2909 37252 24761 63143  4.6828 52717  6.7365
a7 0.02 0.28 5.72 4.67 5.42 5.7 6.05
o)zt 16.76 22.41 17.44 27.15 19.99 25 40.77
0.9636 09357 23646 09208  0.6501 09686  1.4919
A= (0.0000)  (0.0000)  (0.0000) (0.0000) (0.0000) (0.0000) (0.0000)
g 45802 44626  7.8586  2.7255 22178  2.8907 5.061
B (0.0000)  (0.0000)  (0.0000) (0.0000) (0.0000) (0.0000) (0.0000)
IB 769.92  491.02 125271  107.77 71.57 117.03  408.78
(0.0000)  (0.0000)  (0.0000) (0.0000) (0.0000) (0.0000) (0.0000)
LBG) 14544 10107 30427 3687 37132 3691.6  3631.9
(0.0000)  (0.0000)  (0.0000) (0.0000) (0.0000) (0.0000) (0.0000)
ML(S) 14189 97555 29752  3647.8 37065 36444  3452.1
(0.0000)  (0.0000) (0.0000) (0.0000) (0.0000) (0.0000) (0.0000)
LM(G) 2944.08 2060.45 63339  740.37 743.6 743.13 73242
(0.0000)  (0.0000)  (0.0000) (0.0000) (0.0000) (0.0000) (0.0000)
(B) Ar;
TB3M EDIM KTB3M Call MMF7d CD91 CP91
HF -0.0004  -0.0028  -0.0167 -0.0115 -0.0091  -0.0082  -0.0082
BFHzx 0.1973 0.3089 0.087 0.405 0.2271 0.2615 0.6147
a7k -1.82 2.93 -0.72 -1.66 -3.59 -1.25 -4.76
Ao g 1.92 278 0.18 5.85 2 4.23 8.26
. -0.7108  0.1646  -3.4678 58115  -5.7683  7.7351 3.9539
(0.0000)  (0.0000)  (0.0000) (0.0000) (0.0000)  (0.0000)  (0.0000)
e 25.73 22.47 21.77 81.67 107.91 118.96 71.14
o (0.0000)  (0.0000)  (0.0000) (0.0000) (0.0000)  (0.0000)  (0.0000)
18 64255.1 32985.8  10895.6 196293  345759.1 424844.5 146085.3
(0.0000)  (0.0000)  (0.0000) (0.0000) (0.0000)  (0.0000)  (0.0000)
LBG) 253.62  217.07 220.98 82.28 3.18 223.45 132.9
(0.0000)  (0.0000)  (0.0000) (0.0000) (0.0000)  (0.0000)  (0.0000)
MLGS) 82496  698.41 11725  57.016  4.6966 113.65 216.47
(0.0000)  (0.0000)  (0.0000) (0.0000) (0.0000)  (0.0000)  (0.0000)
LMG) 425432 351.5848 99.2979 52.1283  4.7523  127.5153 147.4417

(0.0000)  (0.0000)  (0.0000) (0.0000) (0.0000)  (0.0000)  (0.0000)

=) Fo| A IB, LB(5), ML(5), LM(5)-2 Z+7} 2}t 5 29] Lol Al 3228 W2+ Jarque-
Bera A4 AATAH, AAHFE 59 FIo)AIFEELE W2+ Ljung-Box AR FAH,
McLeod-Li 7 % %7 &, Lagrange Multiplier 72 35 A &S Jebdth 2283 =9} 9
S 233 47k AR FA G () o A= pat= WERATH



[ZH 11 D7]o)2& 2 $AH 54

TB3M EDIM KTB3M Callld MMF7d CD91d CP91d

i

QB 82 04 08 28 10
T

i omow
T

—re cpp i e - B - i -r-&\:! e e - 1---1--,—T-.- et L T T e T T
=t ! 1 i ]
H- g * =H ® IJ £ 7 @ _r\‘_\ ® \
! o = 2 \ = J
Wi ] JiMa ] ES % £\ 1N t
r\/f’ WA A & 1 A = - " 5 N ] ® " S L
e L ML 1 - M= s v - : =k . J e o 1H g,y
o e e e T R = e e e e e oo e e e w8 %o o g g o g g L A TR A B e e

a3 23 4% 15
TT TR

= = i TR SR POl 5
§ T ] e AL M + &
3 T s - ] S P
M - - S -
#n - i L =k
SR M| TR S R
e e b 4be o S0 Fea 106 Phh 6 e W0 M Ma EEE R 100 Tod e ect ABE e oS

s

-

h?

o

H

9o 10 14 W
3 [
UB B3 4B 13
VIrAEAT
L

&

“
133 es
(TR )

oy
a

Bp Az 00 08 B 1D
. T T

- - - =
H = t =L &
H = o H 2

5[ . & F e N

¥z = g, ¥y Tz
= ¥ sf | 3
ak o . T NPSIT PRI o

et e mp a " ﬂ_n-.ﬁlr.-.nu.-n — P T b L =
¥ omoom ® m I Y = w m e
[ [ [~ ™

B s o o ar

3 3 [ ak z

2 1 = = s

s 3 H : H

. ¥z 2z 2z b ¥z

. i o | " = ! = af s

WP e htcncad.! 9 ~

b g B : e B 8

e W e s T e e
o i = R -

) a2goA 1383 2382, 1,9} Ary, 332 A 9] AEEE U = F4(empirical kernel density)2} 3|2E 13, 18|11 4
W} 5392 ZHz Ar 2} (Ary)? 9] 1007] 7F 2} 7] AF 7] 5= (autocorrelation coefficient) S % A] 3F 7 o] T},

9Ll

R &1 EirEfs Blzlolctr

L

=a

&



[£2] @70l Ate SEHTAHET

V= Gexp(O.Sh,)rly_le,
SV-AR(1) hiv1 = @1h +onny
corr(n, &) =p

yr = oexp(0.5h)r! &
SV-AR(2) hivr = O1hy + ¢ohy 1 + onM:
corr(N;, &) =p

V= Gexp(O.Sh,)r}LI&‘,
SV-AR(3) hev1 = O1h + Gohy 1 + 93h 2+ o1,
corr(n;, &) =p

V= Gexp(O.Sht)rZ_lé‘t
hitv1 = Wihi; + og, M
MFSV(2) har+1 = Yahoy + Oy Mot
he = hy + hy

Lcorr(Mj,&)=p; , j=12

R )

yr = oexp(0.5h)r! &
hirv1 = Wihi + o N

h =Yhy +0
MFSV(3) 2t+1 = Y2hy; naM2r

ht = hlt +h2t+h3t
\Corr(njt’gf):pj ’ ]:17273

) g-_o]] A Ve =" *a*):f:l biry—; *Z?=1 6iyzfj o|th.

har1 = Woh3 +0n M3, Y12 Yo 2> Y3



118 @70l Ak FEHE AP 54

[£ 3] 27028 FEHEA R 34 ZIHTBIM)

SV-AR(1) SV-AR(2) SV-AR(3) MFSV(2) MFSV(3)
0 0.9753 0.8862 1.6912
! [0.0050] [0.2119] [0.2976]
6 0.0875 -1.3599
[0.2080] [0.4123]
0 0.6492
3 [0.1325]
v 0.9922 0.9920
[0.0031] [0.0031]
0.8630 0.8213
V2 [0.0417] [0.0525]
0.7151
Vs [0.1511]
0.2772 0.2986 0.6492
On [0.0205] [0.0542] [0.1325]
0.1379 0.1413
Ony [[0.0243] [0.0277]
0.3148 0.3445
On, [0.0337] [0.0411]
0.1604
Ons [0.0518]
0.0263 0.0263 0.0259 0.0260 0.0260
o [0.0027] [0.0027] [0.0028] [0.0041] [0.0041]
-0.1920 -0.1937 -0.1707
p [0.0507] [0.0511] [0.0563]
0.0033 0.0071
b1 [0.1089] [0.1187]
0.2932 -0.5953
p2 [0.0725] [0.1327]
0.8380
b3 [0.0512]
0.5412 0.5419 0.5098 0.4846 0.4716
4 [0.0799] [0.0802] [0.0874] [0.0925] [0.0916]
logL -5813.75 -5813.67 -5806.30 -5801.92 -5797.39
AIC 11633.65 11635.43 11622.65 11615.81 11612.84*
BIC 11663.67* 11671.4 11664.57 11663.97 11678.84
HQ 11644.35 1164821 11637.81 11633.05% 11636.62
I 86.2036 93.1306 51.1144 126.4126 154.2392
(0.0000) (0.0000) (0.0000) (0.0000) (0.0000)
LBGS) 41.409 41.2556 43.0289 42,5513 42.8237
(0.0000) (0.0000) (0.0000) (0.0000) (0.0000)
ML) 101862 10.9421 6.8243 11.0342 13.462
-0.0701 -0.0525 0.234 -0.0507 20.0194
LM) 9.9183 10.6263 6.5771 10.8564 13.1138
20.0776 -0.0593 0.254 -0.0543 -0.0223

F) oA Fetulg A A ofd 9 [t X = &5 2 XH(standard error) S
LHERY i, AIC, BIC, HQ+ Z+Z} Akaike information criterion, Bayesian informa-
tion criterion, Hannan-Quinn information criterion< Y} EFH T} AIC, BIC, HQol A
e olBS lEeR R A LS o) 4R 4L e AN E 2YS vt
Wt} 2231 JB, LB(5), ML(5), LM(5)2 247} 1 71 7F S AR E ol 5 2 X}(PSCUdO
standardized 1-step ahead prediction error) z; ol o) 3+ A= 29] Zlo|A|FE=E
£ W2 £ Jarque-Bera 1A A BTAZ, A5 59 Fle|AFEZE HE+
Ljung-Box 7 %5 7%, McLeod-Li 7 %5 7 &, Lagrange Multiplier 7d AE5A
Zolt}. Zhzte] AAFA ZolH ()Y 4 A += pak(p-value)S YEFATE



Ae)E ag 119
[% 4] D7]o|A-& SEHETAHAREY =4 ZIHEDIM)
SV-AR(1) SV-AR(2) SV-ARQ3) MFSV(2) MFSV(3)
0 0.9730 1.0015 1.6612
! [0.0084] [0.1705] [0.1399]
6 -0.0297 -1.3034
[0.1684] [0.1961]
0 0.6239
3 [0.0955]
v 0.9916 0.9919
[0.0035] [0.0032]
0.8706 0.8637
V2 [0.0329] [0.0331]
V3
0.3758 0.3777 0.6239
On [0.0271] [0.0580] [0.0955]
0.1740 0.1659
Ony [0.0325] [0.0330]
0.4094 0.3532
On, [0.0414] [0.0356]
0.2914
Ons [0.0447]
0.0253 0.0252 0.0256 0.0265 0.0278
o [0.0039] [0.0037] [0.0046] [0.0057] [0.0061]
-0.0441 -0.0347 -0.0121
p [0.0691] [0.0695] [0.0778]
103532 03411
p1 [0.1095] [0.1093]
0.1792 0.7550
p2 [0.0902] [0.0545]
-0.6978
b3 [0.0663]
1.1045 1.0767 1.1170 1.3200 1.2296
4 [0.2532] [0.2523] [0.2843] [0.2242] [0.2127]
logL -4113.08 -4110.48 -4108.53 -4101.84 -4096.46
AIC 8224.28 8221.16 8219.28 8207.81 8203.02*
BIC 8252.43% 8254.93 8258.69 8253.06 8265.15
HQ 8234.71 8233.46 8233.67 8224.49% 8225.74
I 597.1151 694.5788 628.0676 801.1143 1188.7927
(0.0000) (0.0000) (0.0000) (0.0000) (0.0000)
LBGS) 75.6691 76.5460 73.1427 59.3581 52,5711
(0.0000) (0.0000) (0.0000) (0.0000) (0.0000)
ML) 10270 5.2344 10.8235 12.4143 20.1076
(0.0509) (0.3880) (0.0550) (0.0295) (0.0012)
M) 110529 5.2659 10.0655 11.9736 18.5118
(0.0503) (0.3843) (0.0734) (0.0352) (0.0024)

Z) Eol A shebul e 234 obehe] []ere] 431 %22 Ah(standard erron) &
LHERY i, AIC, BIC, HQ+ Z+Z} Akaike information criterion, Bayesian informa-
tion criterion, Hannan-Quinn information criterion< Y} EFH T} AIC, BIC, HQol A
e olEZ VTR RS S o 7P A2 e VA= RY S UE
Wit} 22 3 JB, LB(5), ML(5), LM(5)& 77+ 17]7F o] AFE 26| 2 © 2H(pseudo
standardized 1-step ahead prediction error) z, 0l T) 3t A= 29| F}o|A|l FEE
£ W= Jarque-Bera A3 A AT AH, AHr = 59 ZlolAl g R EE WEE
Ljung-Box 7 5748, McLeod-Li 7 %5 7 &, Lagrange Multiplier 7 & 5 7|
SFolch. 212}e] 2% AFo}el (1)212] 441 pgh(p-value) & LreRAT



120 S7lejxE e e 54

[ 51 7)ol A& SEHEHYRY 54 ZINKTB3IM)

SV-AR(1) SV-AR(2) SV-ARQ3) MFSV(2) MFSV(3)
0 0.9049 0.7196 2.1721
! [0.0278] [0.2737] [0.2082]
6 0.1742 -1.9270
[0.2577] [0.3096]
0 0.7215
3 [0.1241]
0.9906 0.9906
Vi [0.0115] [0.0063]
0.8765 0.9374
V2 [0.0877] [0.0218]
v 0.5706
[0.1754]
0.4598 0.5239 0.7215
On [0.0689] [0.1139] [0.1241]
0.0691 0.0448
Ony [0.0891] [0.0710]
0.4764 0.2340
On, [0.0890] [0.0900]
0.5179
Ons [0.0986]
0.0183 0.0182 0.0181 0.0182 0.0174
o [0.0018] [0.0018] [0.0020] [0.0034] [0.0024]
-0.2760 10.2652 10.2187
p [0.1056] [0.1059] [0.1060]
0.0938 0.6984
p [0.3964] [1.3958]
-0.2853 -0.8272
p2 [0.1502] [0.3325]
0.2421
b3 [0.1654]
1.2921 1.2758 1.1875 1.0942 1.3806
4 [0.2811] [0.2834] [0.2919] [0.4449] [0.3743]
logL -1301.31 -1301.39 -1298.02 -1300.77 -1297.37
AIC 2608.59 2610.80 2606.04% 2613.54 2612.76
BIC 2630.95% 2637.60 2637.34 2649.34 2661.99
HQ 2617.26% 2621.17 2618.17 2627.43 2631.80
I 29.7636 33.5033 14.5931 33.8628 74.6484
(0.0000) (0.0000) (0.0007) (0.0000) (0.0000)
LB 1300574 129.2398 140.5200 123.8633 139.2888
(0.0000) (0.0000) (0.0000) (0.0000) (0.0000)
MLG) 3.3085 3.0502 3.7361 3.0599 6.6732
(0.6525) (0.6922) (0.5880) (0.6907) (0.2461)
LM5) 33411 3.0771 3.5558 3.1580 6.6599
(0.6476) (0.6881) (0.6149) (0.6756) (0.2472)

F) oA Fetulg A A ofd 9 [t X = &5 2 XH(standard error) S
LHERY i, AIC, BIC, HQ+ Z+Z} Akaike information criterion, Bayesian informa-
tion criterion, Hannan-Quinn information criterion< Y} EFH T} AIC, BIC, HQol A
e olBS lEeR R A LS o) 4R 4L e AN E 2YS vt
Wt} 2231 JB, LB(5), ML(5), LM(5)2 247} 1 71 7F S AR E ol 5 2 X}(PSCUdO
standardized 1-step ahead prediction error) z; ol o) 3+ A= 29] Zlo|A|FE=E
£ W2 £ Jarque-Bera 1A A BTAZ, A5 59 Fle|AFEZE HE+
Ljung-Box 7 %5 7%, McLeod-Li 7 %5 7 &, Lagrange Multiplier 7d AE5A
Zolt}. Zhzte] AAFA ZolH ()Y 4 A += pak(p-value)S YEFATE



ey . A u 121

[<] hl “

[£ 6] E7]o| A& §EHETAHARY 34 ZIH(Callld)

SV-AR(1) SV-AR(2) SV-ARQ3) MFSV(2) MFSV(3)
o 0.8682 0.2097 0.2223
[0.0313] [0.0770] [0.1283]
6 0.6653 0.1305
[0.0873] [0.1313]
o5 0.5378
: [0.1343]
0.9861 0.9902
Vi [0.0096] [0.0066]
0.2255 0.9214
V2 [0.2010] [0.0609]
v 0.3236
3 [0.1590]
0.6412 0.5378
On [0.0715] [0.1343]
0.7467 0.1995 0.1492
Ony [0.0645] [0.0439] [0.0362]
0.8341 0.1161
On, [0.0739] [0.0604]
0.8085
Ons [0.0698]
0.0197 0.0194 0.0194 0.0180 0.0167
o [0.0019] [0.0023] [0.0026] [0.0046] [0.0044]
-0.2408 -0.1918 20.1717
p [0.0859] [0.0794] [0.0837]
0.1253 0.2155
p [0.1146] [0.1372]
-0.4473 -0.8378
p2 [0.0967] [0.0494]
0.2554
b3 [0.1088]
0.9729 0.8495 0.8477 0.6991 0.8874
4 [0.3168] [0.3262] [0.3433] [0.3688] [0.3377)
logL -1399.88 -1392.78 -1391.55 -1385.68 -1383.23
AIC 2801.53 2789.37 2788.96 2779.20% 2780.29
BIC 2824.14 2816.49 2820.59 2815.33% 2830.01
HQO 2810.27 2799.89 2801.19 2793.20% 2799.55
I 80.7189 127.7382 164.8310 236.4709 261.4134
(0.0000) (0.0000) (0.0000) (0.0000) (0.0000)
LB 24678322 212.2309 197.1333 184.7051 182.9782
(0.0000) (0.0000) (0.0000) (0.0000) (0.0000)
MLG) 6.7532 6.2009 4.2976 3.0960 3.1969
(0.2397) (0.2872) (0.5074) (0.6852) (0.6697)
LM5) 7.9974 6.4981 4.3358 3.1484 3.2255
(0.1564) (0.2607) (0.5022) 0.6771) (0.6653)

Z) Eol A shebul e 234 obehe] []ere] 431 %22 Ah(standard erron) &
LHERY i, AIC, BIC, HQ+ Z+Z} Akaike information criterion, Bayesian informa-
tion criterion, Hannan-Quinn information criterion< Y} EFH T} AIC, BIC, HQol A
e olEZ VTR RS S o 7P A2 e VA= RY S UE
Wit} 22 3 JB, LB(5), ML(5), LM(5)& 77+ 17]7F o] AFE 26| 2 © 2H(pseudo
standardized 1-step ahead prediction error) z, 0l T) 3t A= 29| F}o|A|l FEE
£ W= Jarque-Bera A3 A AT AH, AHr = 59 ZlolAl g R EE WEE
Ljung-Box 7 5748, McLeod-Li 7 %5 7 &, Lagrange Multiplier 7 & 5 7|
SFolch. 212}e] 2% AFo}el (1)212] 441 pgh(p-value) & LreRAT
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[Z 7] 7)o 2ks EHEAHRY 4 2 HMMF7d)

SV-AR(1) SV-AR(2) SV-AR(3) MFSV(2) MFSV(3)
o 0.8677 1.3141 1.6883
[0.0317] [0.1769] [0.0581]
6 204171 -1.3673
[0.1578] [0.0956]
0 0.5824
3 [0.0591]
v 0.9889 0.9868
[0.0098] [0.0088]
0.8664 0.8741
V2 [0.0319] [0.0296]
0.8552
Vs [0.0427]
0.5852 0.4018 0.5824
On [0.0627] [0.0955] [0.0591]
0.0258 0.0350
Ony [0.0175] [0.0212]
0.5892 0.4270
On, [0.0644] [0.1027]
0.4283
Ons [0.0870]
0.0182 0.0183 0.0178 0.0179 0.0180
o [0.0016] [0.0014] [0.0010] [0.0018] [0.0019]
-0.2839 -0.3872 -0.3785
p [0.0842] [0.0877] [0.0145]
0.8767 0.7230
1 [0.0976] [0.1456]
20.4122 -0.7726
p2 [0.0759] [0.0776]
0.2466
b3 [0.1946]
1.9012 2.0252 2.0231 1.8769 1.8386
4 [0.2836] [0.2511] [0.0750] [0.2836] [0.2830]
logL -1320.69 -1318.71 -1316.42 -1318.48 -1318.47
AIC 2647.49 2645.58 2642.98% 2649.06 2655.08
BIC 2670.13% 2672.66 2674.65 2685.25 2704.81
HQO 2656.25 2656.04 2655.22% 2663.09 2674.30
I 149.5559 86.6640 77.8505 192.6445 295.2196
(0.0000) (0.0000) (0.0000) (0.0000) (0.0000)
Lps =~ L3I 601.5044 606.1965 529.8302 512.0163
(0.0000) (0.0000) (0.0000) (0.0000) (0.0000)
MLG) 5.4738 3.8372 9.0797 5.7094 4.1018
(0.3608) (0.5731) (0.1059) (0.3355) (0.5349)
LM5) 5.0166 3.4862 9.2196 5.5501 3.8239
(0.4139) (0.6255) (0.1006) (0.3525) (0.5750)

F) oA Fetulg A A ofd 9 [t X = &5 2 XH(standard error) S
LHERY i, AIC, BIC, HQ+ Z+Z} Akaike information criterion, Bayesian informa-
tion criterion, Hannan-Quinn information criterion< Y} EFH T} AIC, BIC, HQol A
e olBS lEeR R A LS o) 4R 4L e AN E 2YS vt
Wt} 2231 JB, LB(5), ML(5), LM(5)2 247} 1 71 7F S AR E ol 5 2 X}(PSCUdO
standardized 1-step ahead prediction error) z; ol o) 3+ A= 29] Zlo|A|FE=E
£ W2 £ Jarque-Bera 1A A BTAZ, A5 59 Fle|AFEZE HE+
Ljung-Box 7 %5 7%, McLeod-Li 7 %5 7 &, Lagrange Multiplier 7d AE5A
Zolt}. Zhzte] AAFA ZolH ()Y 4 A += pak(p-value)S YEFATE
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[ 8] 7o) BEHTAHRY % 2 7HCDI1d)

SV-AR(1) SV-AR(2) SV-AR(3) MFSV(2) MFSV(3)
o 0.9036 1.2922 2.1326
[0.0239] [0.0490] [0.1400]
6 -0.3630 -1.8761
[0.0498] [0.2117]
o5 0.7090
: [0.1028]
0.9906 0.9872
Vi [0.0081] [0.0080]
v 0.9034 0.9012
[0.0243] [0.0246]
v 0.6738
[0.1087]
0.4558 0.3183 0.1946
On [0.0526] [0.0259] [0.0426]
0.0216 0.0543
Ony [0.0146] [0.0240]
0.4568 0.3754
On, [0.0561] [0.0742]
0.3811
Ons [0.0910]
- 0.0148 0.0148 0.0145 0.0141 0.0142
[0.0014] [0.0008] [0.0016] [0.0016] [0.0017]
-0.2463 -0.2558 -0.1482
p [0.0914] [0.0107] [0.1027]
0.9143 0.5961
i [0.0732] [0.1679]
-0.3228 -0.7252
p2 [0.0919] [0.0876]
0.5420
b3 [0.2039]
1.7048 1.7240 1.4963 1.6007 1.6633
4 [0.3169] [0.1460] [0.3555] [0.3215] [0.2899]
logL -1292.93 -1292.03 -1289.76 -1291.34 -1288.44
AIC 2588.30 2588.50 2585.98* 2591.10 2591.30
BIC 2610.84% 2615.55 2617.53 2627.23 2640.96
HQO 2597.04% 2598.95 2598.20 2605.10 2610.49
B 201.6749 124.6750 124.0495 167.7288 316.2838
(0.0000) (0.0000) (0.0000) (0.0000) (0.0000)
LB 1773232 189.9115 196.0942 171.2012 145.4537
(0.0000) (0.0000) (0.0000) (11.6418) (0.0000)
ML) 125013 12.1631 16.6591 11.6419 15.9781
(0.0285) (0.0326) (0.0052) (0.0400) (0.0069)
M) 128582 12.3923 16.0661 12.1889 17.1191
(0.0247) (0.0298) (0.0066) (0.0323) (0.0042)

F) oA Fetulg A A ofd 9 [t X = &5 2 XH(standard error) S
LHERY i, AIC, BIC, HQ+ Z+Z} Akaike information criterion, Bayesian informa-
tion criterion, Hannan-Quinn information criterion< Y} EFH T} AIC, BIC, HQol A
e olBS lEeR R A LS o) 4R 4L e AN E 2YS vt
Wt} 2231 JB, LB(5), ML(5), LM(5)2 247} 1 71 7F S AR E ol 5 2 X}(PSCUdO
standardized 1-step ahead prediction error) z; ol o) 3+ A= 29] Zlo|A|FE=E
£ W2 £ Jarque-Bera 1A A BTAZ, A5 59 Fle|AFEZE HE+
Ljung-Box 7 %5 7%, McLeod-Li 7 %5 7 &, Lagrange Multiplier 7d AE5A
Zolt}. Zhzte] AAFA ZolH ()Y 4 A += pak(p-value)S YEFATE
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[3Z 9] 7)o 2ks AEHEAHRY 4 2 HCPI1d)

SV-AR(1) SV-AR(2) SV-ARQ3) MFSV(2) MFSV(3)
o 0.8913 1.2871 2.4005
[0.0260] [0.2158] [0.1042]
6 203713 21417
[0.1981] [0.1630]
0 0.7163
3 [0.0709]
v 0.9898 0.9902
[0.0088] [0.0060]
v 0.8737 0.8648
[0.0421] [0.0293]
0.6770
Vs [0.1324]
0.4733 0.3385 0.7163
On [0.0565] [0.0947] [0.0709]
0.0575 0.0612
om [0.0353] [0.0267]
0.4793 0.4698
On, [0.0593] [0.0584]
0.2320
Ons [0.0918]
0.0149 0.0149 0.0148 0.0149 0.0148
° [0.0013] [0.0012] [0.0013] [0.0018] [0.0019]
-0.3151 103182 -0.2974
p [0.0911] [0.0874] [0.0807]
0.3525 0.3697
i [0.3364] [0.1879]
0.4107 -0.5928
p2 [0.1108] [0.0884]
0.6774
b3 [0.0902]
2.0084 1.9884 1.9909 1.8237 1.8090
4 [0.3142] [0.2987] [0.3025] [0.3521] [0.2679]
logL -1278.32 -1276.88 -1270.72 -1275.29 -1274.71
AIC 2559.13 2558.25 2548.00% 2559.06 2563.91
BIC 2581.74 2585.36 2579.55%* 2595.20 2613.57
HQO 2567.88 2568.76 2560.23% 2573.07 2583.11
I 128.7369 96.9369 131.5554 124.8682 167.1518
(0.0000) (0.0000) (0.0000) (0.0000) (0.0000)
LB V718890 483.3993 493.5582 452.3907 435.7550
(0.0000) (0.0000) (0.0000) (0.0000) (0.0000)
MLG) 8.2852 7.9180 5.4337 10.0248 9.7102
(0.1412) (0.1608) (0.3653) (0.0745) (0.0839)
LM5) 8.5110 8.0968 5.5733 10.2023 10.0314
(0.1302) (0.1510) (0.3500) (0.0697) (0.0744)

F) oA Fetulg A A ofd 9 [t X = &5 2 XH(standard error) S
LHERY i, AIC, BIC, HQ+ Z+Z} Akaike information criterion, Bayesian informa-
tion criterion, Hannan-Quinn information criterion< Y} EFH T} AIC, BIC, HQol A
e olBS lEeR R A LS o) 4R 4L e AN E 2YS vt
Wt} 2231 JB, LB(5), ML(5), LM(5)2 247} 1 71 7F S AR E ol 5 2 X}(PSCUdO
standardized 1-step ahead prediction error) z; ol o) 3+ A= 29] Zlo|A|FE=E
£ W2 £ Jarque-Bera 1A A BTAZ, A5 59 Fle|AFEZE HE+
Ljung-Box 7 %5 7%, McLeod-Li 7 %5 7 &, Lagrange Multiplier 7d AE5A
Zolt}. Zhzte] AAFA ZolH ()Y 4 A += pak(p-value)S YEFATE
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SV-AR(]) SV-AR(2) SV-AR(3) MFSV(2) MFSV(3)
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