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Abstract

SHIBOR time series play an increasingly important role in the financial markets and related areas
as the marketization of the RMB interest rate is more and more frequently advocated. Many scho-
lars have made a number of studies on SHIBOR and the related fields. But most of them focus on
the correlation between their own research fields and SHIBOR based upon regression model in-
stead of on Levy process model and the characters of SHIBOR. This paper, from angles of real time
and business time, by introducing Levy process, building multiple Levy process models and ana-
lyzing the results from the models, aims to reflect the changing trend and relevant characters of
SHIBOR time series so as to enrich the research of SHIBOR time series and lay a sound foundation
for the pricing of SHIBOR.
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1. 5|8

_EWERDY AR % (SHIBOR) A2 AR #E 46 Z FNME 15 7] 2 (LIBOR) AL, A7 % KERAT AR T 37 )5
P — A RN PR R, B AR T RIBAT SR TR, NEAT Al Tt — A 20 S mlfs
BHZ%.

25T SHIBOR Y [A] 7 FI4RE AT T8 %, (H KA Sy =35, 5 —I5J& SHIBOR i [a] 7 51 75 AH I 4
IS . SHIBOR fi 9 F 2218 FH 2 AE R Za i vtk , 28 o6, skME(1] (2005)32H SHIBOR B 8] 7 51) 52
FlRM P R, T T AR Z P38 . TRENGE[2] (2007)XF 4R AT 18] 0% A% i it AT
THEFE. 3k—[3] (2009)i3A T SHIBOR I 7 5 EFZ A G R . FROUNG, 341 [4] (2014)F2 H
¥ SHIBOR I} [H]Jp ZIE b B EUERI 2, AT Rl AT L. 2498 SHIBOR AU HT LAE 926 (1 Rk,
WA LMEAVF Z AU 2], nfids, KBTS . 55 X SHIBOR B 7 520 K 2 (1 7347
g, TR, J7IRA(2008) [S1HEH T 5T t 204Xt SHIBOR AR 15 FI R 2ma I8 Kk 47 7 08 %
Fa, BROGAHE, KB REE, BREI6] (2009)BAE T 4RAT (A LT A4 SHIBOR B /¥ I52m . Flifhifh[7] (2017)
XF 3K [E SHIBOR 20 K 24T 1 AHSG I SEUE 73 M o 55 =281 5T 2 55 T SHIBOR I 5 1) H B BiF 7, (A
[8] (2013)%: T GARCH A%} SHIBOR HIVKZENRIEAT T 408, B[9] (20153 T GARCH AR
SHIBOR & i3zt 4T 7 MU T, L& %5 SHIBOR s K447, [HE i T SHIBOR I J# &2
MR T 2. {E SHIBOR M7 I 7e, FaE, XUHEK[10] (2009)3F— B 587 e s 5, xd
SHIBOR & I EAB AR AT 1B 5 o (HIE FH Levy i #2, XF SHIBOR I J3 508 EAT 40 AT S54RI I SC B b

AT, SHIBOR 8] 37 1 K45 bt 2 b [ f) AR A R A 9 20 5 25, i HLRE — AN TR B 45 2K
/MBZEZ I F] SHIBOR I 8] 741 . 75 &l R vbr, — I [a) 35 ok 138k sl 2 Ll s e i s, ml LAFE A B
BEE) i i ) £ | S I LA T N e el T I 7 A Rt (21 N o | e P R = s N A
WHER T I 2 AN WG S, A R IR 2 o ZE R ML (] )8 L, A SR I &b 2 2 3 3t T 2 Rl g v 7
o HEECRHAR)SE Heston [11] (1993)4& H FIBENLE N2 A, 4 BS B (1) 5 Z I]R A —A4> CIR
BB IR J5 RV 201508 # H SepEN L s AT 7 KEWE 7L, Bate [12] (1996) LA Heston £58 Ay Jk
fii7I N 7 Merton [13] (1976)BENLERAE A, HAN A BEHLIE )2 1% 5% 2 A KSR B 5200 . Chacko 1 Viceira
[14] (2003)[FIFFN A BN NA% A 2 MR SikiE, KAH BRI s % N Sl 5k AT MR S. R
Hurst 5 E. Platen [15] (1999)42H T W TERS ], I 22312 A X ka8 R R A0 & oA 72 15 18] 55 5K R 9 2 o
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Levy S FEBAUAH LSRR AA DLUN UM R — 2 0] U EF AT B ARG, X2 BN Levy i F2 HUER

B, ATLURIE B OB ESEARR AN BE AT R E, EEAEN Levy 2. M H Levy dfEAEH
TCRRAT e, (EFE R G SRR SR HE. T PASI NS Levy Bhidf2, F8 HAL A v Mk i (]
HWRIREW, TRAT RIS S ALy — M AT SR A2 e . =2 R4 Levy i F2#A H CFFIER %L, 7T R
R4 Fang F1 Oosterlee [16] (2008)#2 ! [f] Fourier-cosine series ¥ i¢#H47 HATA gt . fEWF 7R S ik
D7, PURAR SR FH BB A B B AL 2 2 5 e AR Y, S8, iy HLBE R b2, 31X
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LR BRAASR At 1771 . R TS HCE LKA, SR A ST R AR 7k £ AR, SR 5 12 AR K
TSI 4 SR . FESSUERT SRS, SR 28R P Ik AT 140, [RIIN g B 307 R 22 /N e br ik
ITRISS o ADCHE FORMIGMNTN . 58 80 AT — SR, 58 =80 AR R 21, 28 DY
FRSBEAGT SRR, RIFET L.
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Figure 1. Path of SHIBOR time series
B 1. SHIBOR A5 2% 12

AHERF Y, FEHERARR — BN R #OE T T RRES, R T 8 Hiish i b 8, ks
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Table 1. SHIBOR time series six major statistical indicators

%% 1. SHIBOR B8] F 575 K& itH{eHR

i1 %3 —& WA —4H =MA ANA HAH EHEE
BAE 13.4440 11.0040 8.5660 9.6980 5.8030 5.0000 5.0000 50110
B/ME 1.0270 1.9200 2.2050 2.2680 2.7810 2.8660 2.9200 3.0250
wiE 2.5491 3.1635 3.5667 3.9570 4.0394 3.9931 4.0314 4.1050
FRuEs 0.903316 0.98551 1.0301 1.1235 0.8956 0.7392 0.7283 0.7161
TREE 3.303932 1.98884 1.3984 1.0575 0.0294 -0.221 -0.239 -0.287
I35 26.34744 6.97369 2.1729 1.5425 -1.304 -1.428 -1.417 ~1.446
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Figure 2. Density function of SHIBOR

2. SHIBOR K% H#)

1

— A R F(x)
081 1
F 06
=
3? 041
021
0 : : ; ‘ 3 i
0 2 4 6 8 10 12 14
SHEFEAR LR

Figure 3. The distribution function of SHIBOR
3. SHIBOR K43 % &R 3
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3. Levy B12HE8Y

(—) Levy id#25 Levy MIFE/4H

NEHFUA BB ) SHIBOR B [A]F 41, ffik HARuE, Ak, RS R, A5l 7Bk FE M
Process). XIEEHkIT FE(KOU Process). IEZSH R Wi FE(NIG Process)s 77 Z ML IIFE(VG Process)5 a
Fa&5 1L FE(a stable Process). T Levy i F2 HAKE U WS Levy A SCAIGE Z VIR, T RFE
AHIX JLFR Levy 1EFE B0 W% 2.

Table 2. Measure and characteristic function of five kinds of Levy processes

2.5 M Levy S ERNE R E DR

Levy 3% Levy Ul B FEAER
2 12,2
MJ 2 2;[0 exp {— (x; ;;) } exp {ﬁ[em? —1}
N J
pAne™ x>0 . 1 ., . P 1-p
_2 AP 7P
KOU {(1 _ p)ﬂnze"” £ <0 exp{t[zyu 2 ou +iu [771 —u _H_uﬂ}
NIG e”‘%& (alx]) exp{—&(\/az—(ﬂJriu)z —Ja' - )}
CLGX, x<0 c
VG i M
Ce™™ 50 GM +(M - G)iu+u’
L
%, x>0 exp{_o—a lo|" [l—iﬂ[sign(g)tan%n+i,ut9}, a#l
a stable xC
— 0 2
‘x‘rnl » X< exp{—o-“ ‘9‘(1+iﬁf(sign(ﬂ)ln‘g‘)j+iy9}, a=1
T

(=) BRI
BRUPIE T A2 2 BRI 13] (1976)3%H, BIAE B-S ARG FERE I, AT — MNE&BERE. AHEABE
S HI AL A — M R B3 2l FH R Akt FR AR A R T e 8l . 51 N BRI J5 AR R 45 /A 0 F

Nl
X, = ut+oW, +ZY1

$oh o BORIOSASTL, ¢ ML W OWGRRER), N, B NSRBI, Y e W, 6 AT
ST AR B4, U SRS E [ o ] = eXp{{i,uu Lot ﬂ[e - 1]}} :

KR HUE L FE /& Kou [17] (2002) ABR Sk L FE A B AN FEREEE N /) Levy 1272 . 5 BREBE A 2 3 & AN
FABCE BRERRE BE IR S04, TR IR MR E AT o 5] ARk 5 AR RN X, = ut + oW, + Z Y,

ot s 5 NERIE 5 OB — R, WA Y, IRMIUHEE G . Y, PE I ZHL p > 0 R BRI,
A NBRERIRSE, 7, >0 51, > 070508 LBES T BEAIICEGERE . AR ARHIE B EOA -

E[e’“‘ ] =exp {t {i,uu Lo iua (L—l_—pﬂ}
2 n—iu n,+iu

B XU B0k H AR Y 5 2 B BRI (A AL 0 s AE T8 FE T SHIBOR I 8] 7 51 ¥idfs (6 2 5 )5 R BL B2 o
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BR o R S Ak i AR AT R T A PR Bk AR, 5y A = Ah Bk R AR R T e IR Bk ER AR .
Barndorff-Nielsen $i¢ H} J 1E&510 g {rid 2, o H AT <fhy SN 2 I AiBb i 72 . i T e iR & 5 L s
MR T A, IR Z LSRR, ESEEIEREG =128, 8,0), Hi o RIEHIERLK
BREL B RIERMRERI RS, TS S RIEHIBERRZRIZEL WA —BrE A BRI . 5IA

E@ﬁ%ﬁﬁﬁﬁﬁﬁﬂ%%ﬁ&ﬁﬁEp%}wm%@w_%af_4mf_m+myﬂmtﬁﬁ}o

TEAS U T AR AN R A (4 Wk B I R 4 R 5 R AN X R, B RER T AU A RO AR 1 O S Bk
BRRUBE

75 Z M 242 Madan 1 Seneta [18] (1987)$&H1, H HARATI[19] (1990) 8 UF 11X AN 2 AT | M F i 72
e FINTT MBI G AN X, = e+ W, + Y, , ST E X, ¥ A ZMSdE, ef =4

Ct
%ﬁaeﬂu&ﬁAvaﬁﬁEﬁﬂm%ﬁ&ﬁ%Eﬁmﬂ=“%%W_lm%q o)
> GM+(M—G)1u+u

KRSEAE YT, ST 77 20035 i FR ARl T 47 0900 5 G OO PO R B840 1

ARSI R, A TR . RS/ SRR o DM E B LA, B4
R R X R HOMSL R AG X, X, X, MBREEESHC,,D, , iR TS0, 1
X+ X, 4 X, —15C X+ D, Hrb— RN, WFBEILE X RAFA M. o Fadsid
B2 Levy MRV, (dx) = (C. /2“1y + C [l " 1, )dx o 3611 €. 5 C_ A BIAHEHIE BRI BAL, dx %
RBRERIREE , o 19 R AP AR L RARE I T o FAASIT AR Levy BURL, HBUHEEMIN X, =t + W, + Y, ,
Hrpy & o A&, Weron R. [20] (1995)%5 Nolan J. P. [21] (1998)#2H o Fa&H i L ZNMAFKIS
AR, ERRNSHAT, HHERIRER A FE. R UIINMGIN o RS RRE R
SHAT, 5IN a R B R 6 20

exp {t [i,uu —%sz — o |ul" (1 —ipPsign(u)tan %ﬂ}, ifa=1
E [eith, ] —

exp {t {i,uu —%O'ZUZ -0, |u|(1 +ifsign (u)£10g|6’|ﬂ}, ifa=1
T

TELL EJURH Levy iR, F Levy Bkid 2 %1 i 7 Ml i (A1 45 SHIBOR B [H] 7 51717 R (13 5 o 17 7
AV [E]4 SHIBOR 5 5K (9% B 7F & BB i S WO AT FR B, #5), RIGEIER, BIAK Levy Bhidfz
9 1F {8 S BRI — e )

4. SIESKRLE

(—) LSt

PAEFANERL, ARSCRARSRRIINEAT T S8 BT 2 M 24, Fofthid 72 448
FIF IR A0 R TEANTERS, 75 SRR, AT B (e B A e, AT 95 1 2 R R R A
SRIG AT B ECRR O B, FARI, AT RIL SRR E. BE R TR, SRIFEAUME. K
WA T EAL RS B Jm i et i, R A — e 2 R g, PRI T RE0R K 7 i

BEPLR K A 7 vk ERAR T AR B & R LA, (BN RESRAAAT 20 R 26 AF I 5L o SR FH Y] Levy IR0
DELARFA, TERARE R, AREEEX AT, DA LB 7] B A e 29 SRR )
R FRATRA T A s A, T AR AR, AR I AR R T G2 PR ]

iz Bk ) AR 77925 2013 Lhsk SHIBOR B A7 518, 347 T S84, S 8Ub vh 45 R W8 3~7.
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Table 3. Parameter estimation based on Merton jump process model

3. ETRmB SRR S KT

mu delta alpha sigma lamda

0 0.937 —0.124 0.048 0.001

Table 4. Parameter estimation based on double exponential jump process model

F 4. BT IR I IERE ST

mu sigma lamda p etal Eta2

0 0.034 0.002 0.047 1.472 2.566

Table 5. Parameter estimation based on normal inverse Gauss process model

#= 5. BTESESHIERESHIAIT

mu sigma delta alpha beta

0.043 0.08 0.023 8.8 —7.781

Table 6. Parameter estimation based on variance gamma process model

= 6. 2T HEMBIERBSHKEIT

mu sigma C G M

0 0.036 0.001 1.571 1.32

Table 7. Parameter estimation based on a stable process

®7. ET o REIEHS KA

mu sigma alpha beta sigmal

0 0.007 1.82 -0.138 0.019

(=) BEHLELL

BT oMtk 4, BFE matlab HFBELE BBRAR . BENLA RBRIRIOTTEA 20, IR
FHE— P AR5 2341 bR B0 AR B SR REHRE B CRIOLS, T H SRR S0 A 2 e, X A AR .
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Figure 4. Simulation path versus real path comparison
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Figure 5. Analysis chart of Density function simulated sample and real SHIBOR sample
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Figure 6. Analysis chart of distribution function of simulated sample and real SHIBOR sample
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