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Abstract

Stochastic interest rate models are essential to the pricing and reserving of life
insurance and hence are vitalv to the solvency of a life insurer. The project
established two sets of interest rate models that can be used for the life insurance
industry in Taiwan. The first set of models is to be used to estin;ate life insurance
premium, the fair value of policy reserves, and the risk of estimated fair vglﬁes; The
second set is to be used in th.e asset adequacy test. We have coded these models into
application programs so that users can generate sets of paths containing the evolutions
of term structures in personal computers.

The first set of models consists of two interest rate modéls that differ in
probability measures and usage. The first model is a risk-neutral modél to be used in

pricing and fair-value reserving. It is a Hull-White model specified as follows.

dr = a[@ —rldt +odz
Hull-White Model : a

2
Our Estimation : 6= S% =0.1681
2
d=——=0.07
28;

O(t)=F,(0,t)+aF(0,1) + ZZ— (i —e)
: 2a

The second model of the first set is a real-world probability measure model to

be used in estimating the risk of fair values. Its specifications are as follows.



ApB,, -1.62x107° | [-0.19326
ABy, 2.40x107° 0.14615
T = + : -0.00646+ B,,_, +1.09618, ,_, — 0.049063, ,_, —0.001984,_
ApBs, 0.00031 5.62133 [ Pri- B Bs-1 :1]
AA, -0.00021 1.31697 '

~0.29827 -0.03085 -0.00400 ~0.;00090TAB,,,] [&1,
,| 028252 0.02975  0.00343  0.00102 |AB,,, N
-0.98437 -2.71198 -0.06332 0.05665 |ABs,., | | &3,
374025 043656 033993 —0.10878 | A,

Eay
A:Bi,l = ﬂi,l _ﬂi,l-l;A/ll =4, _’11—1
&1y 01 1.61x1077  -1.52x1077 -2.43x10° —3.11x10~7
e MO -1:52x107 153x1077  2.15x10¢  2.50x1077
€3y 0f-2.43x107%  2.15x10%  6.45x10~°  1.06x10"5
£4, 0][-3.11x1077  2.50x1077  1.06x1075  3.46x10~5

The second set of models that are to be used in the asset adequacy test consists of
three models: a short rate model, a model for the spreads between short to medium

term rates and the short rate, and a model for the spreads between long rates and the

short rates.

The short rate model is as follows.

~r_ ==-0.16335""+0.04973"" r_ -0.0048"" r2. +0.15000™" IV +¢ : Q,_~Nl0,02
=0 (-2.798) (3.055) fi-1 (~3.598) = @ny r ! g'l - ( i )
=-0.00042""+0.89604™" 52, +0.17431"" £2, -0.14489" £2, 17, +0.00035"" Fits
(~6.297) (173.210) (13.391) (-9.256) 6.7

The short to medium spread model is as follows.

90

r =0. 30%%527}7 (20 =)+ £26% = —0. 282585 6%+ 77" ~ N(~0.003886,0.0663812)
7% = = 0990719 (RS0 )4 g g0 ~0276359" &% +7/*;7* ~ N(-0.00422,0.06753)

(~3.657 !

r2yr

_ r r 2yr r. r
2 0?32(;5)08 (=R et = o, 195122" &2 + 727372 ~ N(-0.007995,0.100247 )



The model for the differences between long rates and the short rate is:

00 0 0o [0.21177"]

APS 0 . A (2704) oS
e 0 0 025927 0 -1 . i
10yr 0 1.728 10yr 0.21619 10yr

i | w(CVia o o 023483 0 o o 1V b

r | - . 15yr s - 1Syr
A,Ils,v 0.?;836%;12 (1931) Arl_ly 0.(%;(?8?7 ¢
AT 0 00 0 -026730" AT | |5 o974 T

(-2.543) 34300

CV,, =-3.76238+r%" + 15(.680222;17"' " ~33.96763"" £ 1.8.54844™" 200

-1 >

(—6.538) (4.702)
gfy' 0][0.00612 0.00508 0.00420 0.00361
gl‘°y’ 0]]0.00508 0.00978 0.00588 0.00475
T 0[]0.00420 0.00588 0.00642 0.00443
c2r 0[0.00361 0.00475 0.00443 0.00838

This project report is organized as follows. Chapter 1 illustrates how stochastic
interest rate models can be used in the life insurance industry. Chapter 2 contains
literature review. It starts with the academic papers in international journals and
covers both theoretical and empirical research. We also cover three popular interest
rate models developed by life insurance industries. The second section of Chapter 2
reviews academic papers and master theses that studies the interest rate markets of
Taiwan and are written in Chinese. Chapter 3 talks about our data. Chapter 4
describes in detail how we establish the two sets of models. Chapter 5 explains the
interface of the application programs and the input of the program by users. Our
suggestions for the maintenances of the developed modells and the extension of this

project are in Chapter 6.



mE
CENHERBHRRANARBREZG TR AN EERNEEREL

SRR EERMEA M B > — R R EREH L0 N TE 8 (Fair

Value)ft 5 & AP RE SRR — R EFTE EBR MR (Asset Adequacy

Test) » AREIF G TR A SAL > RIRREIZRM TIRE b2 4 3 @A
e S A R 0 P A o

A FRBE LGN RAEGHERLEY > KOAEEE THHERD -
(GRS ERs) N A R |

dr = a[@ —rldt+odz
Hull-White £ 7 : a
S2
HAE - G’ = A/At=0.1681
A2
d==—=0,07
28,

2

o) = E(O,t)+aF(O,t)+g—(l—e”2“')
a

(46 5 A AR R Bty T B AL )

ABy,

-1.62x107° | [-0.19326
AB,, 2.40x107° 0.14615

= + ~0.00646 + B, ,_, +1.09618, ,_, —0.0490653,,_, —0.00198.,
Aﬂl[ 0.00031 5.62133 [ ﬂl,f 1 ﬂ2,l 1 ﬁ3,l 1 t 1]
Al, —-0.00021 1.31697
-0.29827 —-0.03085 -0.00400 —-0.;00090( AB,, ] [&,
028252 0.02975  0.00343  0.00102 | AB,, | |&,,

|52

—0.98437 -2.71198 -0.06332 0.05665 || AB;, | | &,
3.74025 043656  0.33993 -0.10878 | A4, E4y

AB;, = ﬁi,l ‘:Bi,t—l A =2 = A,



&1y 0}| 1.61x1077  -1.52x107 -2.43x107° —3.11x1077
&0 f_ 10 -1.52x1077  1.53x107  2.15x107%  2.50x1077
&3y 0[[-2.43x107% 2.15x107%  6.45x10°  1.06x1075
4y 0]|-3.11x1077  250x1077  1.06x107°  3.46x107°

A HRABRMEBRAGHEBARS > BAGEETH =AY -

[=+ROBEAZH RO HREL]

r,—r_, =-0. 16335 +0.04973"
(-2.798) (3.055)

2 =—-0.00042"" +0.89694"" 52, +0.17431"
(13.391)

(-6.297) (173.210)

(BRI EHGERD]

11 —0.0048""
(-3.598)

2, +0.15000™" 1
2.711)

2, —0.14489"

81
(-9.256)

U=

e &R~ ~(o,02)

I, +0.00035™

*,
-
(6.795) -

9 _ 30 90. 90
P “033%%)17 N 02_23;3385 2+
180 — 180, 180 180 180 180
7= = 0990719 (%0 = 20 )4 g, ~0276359" &% +7,*;7]
2yr 2yr, _ 2yr 2yr
7 -1 = 0.969508 (-2 =~0.195122" &2 +7"sm;
[REMAEAEH BB ]
r *ee
00 0 0 021177
ar” 0 0 0 025927 0 A || @, &
arlor | 0 wlev s ) Ao . 0-(%}864}9 >, glowr
Ar’lS,Vr - 0'(()21836%)42 =170 0 0(%2;133 0 Ar’l_SIyr O'(%ngg,fu -1 g_’IS,Vr
AR 0 00 0  -026730™ | A" 1974 Facd
203 v ot :
CV,, =-3.76238+r) +15, 30222;17 "l - 3gg7}gs o +8(§¢;§§4 TrA,
vt 0({0.00612 0.00508 0.00420 0.00361
ot N 01]{0.00508 0.00978 0.00588 0.00475
v 0[]0.00420 0.00588 0.00642 0.00443
v 0([0.00361 0.00475 0.00443 0.00838

~ N{-0.003886,0.066381?)
~ N(-0.00422,0.06753)

~ N(-0.007995,0.1002472)



AEEF—ERAAEBNESREOA R TELHAABLAMAT B
BATR A BRMARX (Asset Adequacy Test ) » 3t 3 KA 41 K F A g o9 ] 48
Mehtbst Hik - R_EXREB S AR R R B R XBRHH - % — 8 B 5k
WA ARBIENERR R TERRXARREBROA EMEY =
o BB B ARG NO T BN LRGTENRBD X 5 AEIA S8
AT AERA - &Y 4% (Pasimonious) SR RRHBELEZHS - B=F
FHRBRRALA LS BERL LA EAGHERHRA B ERRFEH 5
FEATRARBRRGHERDRBANE 2L ARGH BB HH 5 —
B A A AR 60 R 2 B A AR A R R 6 B R B AR T 3
Do BB ABBORME - S RAHEASH R GG R G RIF L
B R o R A A £ 0 B AR v 8 4« A B B AL R e B I - 3
BREREGERR - P EERD N GRAERA TR & RV 8 R
AR BAE A A AR SE 6 R B BRI R BOR B M6 A 4 R R A% d

o A EE AT I H L S -



$—%F HNEEANLEZRESHAR
%Fﬁ'%i%&xﬁf@?f@ FREAFAHERLY - F—EAF BARLRERR
(Cash Flow Testing ) » =48 % @& & 3t H 4% £ 64 2 1§ 44 (Fair Value) ;A & 2 -1
&) F B R B (Risk Margin) - 08585 ¥ > 6 BMERERCEHALAS

RIRA THRE RN ATESAHA T RARLRBRGFEUNL -

2% AFPRERSFARGERN

AEHRBRHEEXFREARLRBROE S RYERRLIIUKLLHELTF
B2 — o LB ENFE HHGRERATHETERE - REEF L L%
MG &3 - ARTERWNBRATRERARBRRIIEHL BRI TEHL
BORTRALEEIRSIUARANB - RATBEOFTERERRGIFERER
£ RGN FAREMAHAREREHS > RRRBETATHARILR
BRATHGHARAGTAL - AR E IR EHAM  CARERELFEHEE
i oo sush o RIBAPREEG R EEMRME R EMH 4 (Statutory Reserve )
UBREHAAROABRLEARGE  REZASRRRGEFLHAAERET
FRXAE B - BmT 2 AHREALBRAGHE KRR 3 8% £ 217

PHHES - RiFNMMAAR - R4 REZRMN > 3B EEE -

— ~ XRBRR AR



EARR > HERB PO HAZ — » AT EA SRR T R
% - Bowersetal. (1986; 1997)ia K@ ey HHHE - R T 2 EME G > &K
%ﬁkﬁbﬁﬁﬁﬁﬁwﬁﬁﬁﬂ&wXﬁ%%ﬁkﬁﬁm%%@M%%°@A
BE—EREEARAOBERE T SERSHERXTUANS AL ERE -
BaFEHMEOEARE  BARBRRANGAERE  REOBAEABAN KR
FREFE (= RARE - REAA) ARM - ENRLAFTRANETE -
BAOFE -NEREE AHANTEAIAE B efRETe  RE
R ECRIRE Bk PR EARRAREZHATRT R EGEME
BHE—ERELSE -FHEEHMOBE  RAKKEZEARENIh REV KBS

WAL RIBEE o

=~ BR&— 63K
AR —EARET HAZLEERARRCERHRERARAARGVE - £
ATERETAHART  2EMNESEEBARERAONEARSEL B BE
£ K % % 2K (Closed-Form Solution ) - Bowers et al. (1986; 1997) # 3. 5| % T
—BAXGEREOHEEAARELGAKAE -
B BFE B 1980 FAX, - FRFAA R BIRY  BIIBE XK 0 Bib#
HEEMBERUN —H BRBERARGHERL R - SEMMEARL

SREFBHEAT #ﬁhﬁm%@%éﬂmﬁmemmmwm)% AE Wb R



fLfR o 35— PEEL B9 X & M XBK 14 © Panjer and Bellhouse (1980), Bellhouse and
Panjer (1981), Giaccotto (1986), Beekman and Fuelling (1990, 1991, 1993), 1 &
De Schepper and Goovaerts (1992) % -

BT 1990 F4K > H5FHBE K —#4%E (apool of policies) Z1& 14 6937
%%ﬁé;%%*ﬁﬁﬁ%%iﬁ?ﬁfﬁﬁﬁ%%iﬁ%uﬁﬁﬁﬁE’W%
— R E R ENREGRBRERFETENM A ELRFEGRB A
SRR LR REMBTREAAREN AT RERIE R ERFREGRR
G- HREORRORY - TRESBREN LI EHLEF BAG4
HEAERALBLZEART ALEEREIAHNEPENORELRARN FEEER
Bk - BEE$RMEHEE > 2 d Parker (1994a, 1994b, 1994c, 1996, 1997) B 44
B RN HR > 21438 % Marceau and Gaillardetz (1999)% X & i 5, -

A2 ek R AR & R RMBF A ERHRGESTY
E-HRENMERRR -wRBOHEPHELEY HAGEC—HEREMK
st B > AR RARE 4L > £ Bowers etal. (1986; 1997) ¥ A RLMRE - TRE
BOFGLHAEYEORE  REORSA TR AL R0 2 FEARXR
&9 4 3 JE ¥ B 3£ - Tsai, Kuo, and Chen (2002) & £ A TR R BB £ 5

MEGTERY > EnEBREREFEAORESH -

=R —XE P



LGB ET A AV RGBRERIALRBRAE - TRHRARE
MALRERFTHELY MARTHERARAAS LOMGEREANESHHK
HEZUPRALRERRAHRATTRERITR - FABR > BofTAZBE G
REXZBARAFGFE - ERBNR RLATHRRB TR ELETIHY
K (State) foc 4 » ESbRMRBMEE RAEMRY - SERBL T EREAHK
BRI TAE

P AR R 5 R 0 B o 3 181 B 34—5%@&@%&%%@@%@ o FE a4
HEE—ABEBRI—EARIOTE R IR EFHGBA RABLRE
BEHORR  SHERZB/AHEILmEI - FA1E4 NPV (Net Present Value)
#7r ik hE B BRI B I % R RE AR 69 # A - Black and Scholes (1973)
AHEE BB AREENMAARBZETAES  EEBEESEMEAKETH
PERHA - HROBE ENERESEARTHTRT EEHABASERN

ERERFRNMAHBRET RS R T HEERREO LI - CEEZHRE

(et
oy

MM Bk LRRT MBI ESMEARGER -

W~ Bk — 6 3k
PRz 2 H 4 1990 #—4&1%”]&‘*3%% B LROBRMRITFRESH N TEME - &
BF EFBRFT ERRAORE » A FE Z oS8 ERE (Probability Measure )

3k A R ¥ 30 (Risk Neutral ) B > REAAZERETHTRAERBHEE



HRE - ASENETAREGMEE RASRBEGNPER/ 558
BREENR  ARBRTIGMET  RENEEALSHEER  FEmAEMER
BT E o RAEF R EFAGER -

Albizzati and Geman (1994)H & & — Bk SUBK 9B 45 > st HA MO EE# B E
PRtrE L PRME - ZHORBREL B AESBRRAYHERTERYT » X
BRARGRET % T HEBA LSRR 24 andlor ROHGREG AT
B 1h - &M Bk €14 © Bacinello (2001; 2003a; 2003b), Ballotta (2005), Ballotta,
Haberman, and Wang (2006), Bernarda, Courtoisb, and Quittard-Pinon (2005), Briys
and Varenne (1994; 1997), Grosen and Jorgensen (1997; 2000; 2002), Jensen, Grosen,
and Jorgensen (2001), Miltersen and Persson (1999; 2003), Persson and Aase (1997),

Siu (2005), A & Tanskanen and Lukkarinen (2003)% % -

Fou #RERGIHE
HRAFRASHH > RRENTRATHORAUREEETHRRL (Hl4
THBEBE) THARGBHAEL RS — B AFRAA B 2P EAEE
BREFAAAR - Bt FLEFHATREHTHRAR - EAHEHOER &
REZ—EARATHRCAHABY - RAHKR > ANTE—ATHRAE
(Real-World Measure ) é‘vfﬁﬁl_ P BBRRTHREH R REAR—BKE

T G E AT o AR MR T R AR B I AT e A



o EMFHARAFRAEGRR (FloBBREAS) SHOFEETRAGE
B R RAF MR F ik -

S LR FH R R 4% — ey B B F (k& 4% #(State Variable ) 8%
FRREHEATFREAZBRRAFET BT - (—) RAR P LB ERE
AR EG e N PRME (=) T BRIEAD B K RF R R 4 485(Term
Structure)#y 81t » (=) RBAHB—EHRT > RFB—9F X LR B LN
FEE - bl AR -

IF XA B A H A £ 4 (The Actuarial Foundation) M kg ¢ Bt 5 48 7% %

( Financial economics : with applications to investments, insurance, and pensions )
PEELER I ey E B £4% (4-year Single-Premium Deferred
Annuities; ;A F f§#§ SPDA) A #3A B Zdo Tt H AT EERBRR - SR E S K
BARERE B 7.5% @ AREHHABEBRARTTUAEEEHEMOFEERS
R AWATRERY  EINBABRAE F—FHROEREH10% ¥
RO ERES Y% PIEOROERAEA % BusamaRAES
0% ZWOFHBEBRAGAELE TU—REEDERIFI ARG L BRHw

FEH Y —FHRALT



1.1 58— —

Short-Term Rate
Path YearO |Yearl |(Year2 [Year3
' 1 8%|7%(1.5%)|6%(7.5%){5%(7.5%)
2 8%|71%(1,5%)|6%(1.5%)|7%(7.5%)
3 8%|7%(1.5%) 8%|7%(7.5%)
4 8%{1%(1.5%) 8% 9%
S 8% 9% 8%|7%(1.5%)
6 8% 9% 8% 9%
7 8% 9% 10% 9%
8 8% 9% 10% 11%

BATt=0 9 M R R 896 » £ =185 > AIFETHEALINKRATHSL 7% »
MELEBFET—EAGFRTATREARTE 1% RLBREHZRERAREDSGF
RoERAGREAREREHNE 75%  BLBRFETHED S ZaAE
BEHTSH%

(12 38—z =
Cash Value
Path YearO |Year] |Year2 |Year3 |Year4

1{ 10000 10800 | 11610 12481 13417
2| 10000 10800 11610 12481 13417
31 10000 10800 11610 12539 13479
4 10000 10800 11610 | 12539 13667
5| 10000 10800 11772 12714 13667
6] 10000 10800 11772 12714 13858
71 10000 10800 11772 12949 14115
8] 10000 10800 11772 12949 14374

HIRE LLAARMELAY  BEARGEAFETEZHORERLSFMH -
W =2 89 —FET A B ) 0 sbEF 694 B 5L 848 45 =10,000x1.08x1.075=11,610

10



(13 $B—2=

Survival Probabilities
Path Year 0 |Yearl |Year2 |Year3 |Year4
1] 1.0000] 0.9715) 0.9433| 0.9156] 0.8885
2] 1.0000] 09715| 09433 | 0.9156| 0.8883
3] 1.0000| 0.9715] 0.9433] 0.9154| 0.8881
4 1.0000 | 09715[ 0.9433 | 0.9154| 0.8878
5| 1.0000] 0.9715] 0.9431| 09152 0.8879
6] 1.0000] 0.9715] 09431 | 09152 0.8876
7] _1.0000| 09715] 09431 ] 09150 0.8874
8 1.0000| 0.9715| 09431 | 0.9150| 0.8872

HELERE BT RARBMBATRGFEE U=l 9E—HTELY -

F—FOAEHFERR 09715 ATAEE —F & PR E 5L £=1—-0.9715=0.0285

%214 3B —2m

Expected Cash Flows With Surrender Charge
Path YearO |Year1 [|Year2 |Year3 [Year4
1 000 277.021 307.76 | 335.35111920.83
2 000 277.02| 307.76 | 335.35]| 11918.15
3 0.00 277.021 307.76 | 339.34 | 11970.89
4 000 277.02| 307.76 | 339.34 | 12133.82
5 000 277.02| 314.27| 344.07 | 12135.19
6 0.00 1 277.021 31427 344.07 | 12300.36
7 000 277.02| 314.27] 35296/ 12525.32
8 0.00 [ 277.02 | 314.271 35296 | 12752.27

REARBEFBHRAYRLAMNE > X time=2 BB —BTHAEH > HESE
B 8] R R FAEA LT 4 = (0.9715-0.9433 ) x11,610%(1-0.6%)=307.76 » ¥ t=4 -
F— AT R 6y £ 474 2] #14£ =0.8885x13417=11920.83 A £ B A A H R &y
FEMREHREE TG A TR BIRE =0 PFREGANPBM/ EE
TRA R EHLO TR RE EMHLe D FBME

11
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1.1: 8=

EHF—fAstate T ERFTH -7 XA E =1 SHFABRLAT > £ BB
B EHBLNTEAGNE > AR LB - KRIAVT A FKB{E (Value at Risk) #9
BSHE BRI RARINGEHBLZFTARRE

12



=8 HKHEHAR
WA LRAT R X EZAREHNERL — ARG EREREH LY
PP REAEHGENFREEANRR  —AAREFTETEBLMRR - HKEE
CEAARMEHNREN LG 2 EANMEREAGTEA AR L BB 24 THICE
%k&{im cHETRE-ERAE A THEAPRAMEHRAR b LA EH
B RBRHFERRHEEZAGTRAEHREY - F_2HE - 44 TEAEE
RIEMBY BRARABA - ERBAZHEY - MR KEHA LA - 3

EEEBLAR—REAFEEERRAGHNERMER RARTEGBL M-

13



2=—%F ke
AHECBTHSAN N LEREGRBAAEZHERLY  UTES B
B b OB BB P9 SRR AR B3 B e B — B B Sh BGOSR D B M B TR S 3
X REMAXRRREFRGFEAMAT =35 £ =5 B PRS0 5
BB IRl TaRAX  »AERHNESETAOBTY B0 48

(Parsimonious) #% & R 45 00k = 204 -

@ RSk

AHBNBUBLEGEAESXRTERD BN ik T

—  ERHHX

MIABHANER YA E LB SO BEAEE AL -KRLBH LGRE
BHE > MNEBRVAEBRENARE - M T ABRGH FBYHET 5 B35 -

F-BAl R %#%ﬁ?ﬁi%#;%zﬂ! (Standard Market Model) (Hull, 2006) - #f 3
BOHNFREAB S > o R L FEHEH (Caps) ~ XA H#Z## (Bond
Options) ~ BX X X #E4FH# (Swap Options) ¥ » FIFHU R F A A WE T
(4o © 2149 8 7R > kA F(Swap Rate) )ty £ B - £REH
BT OBRZT > A1 R E R H 4T RURR + 3L 3#8 £ 32 (Harrison and Kreps

1979; Harrison and Pliska 1981) » Bp =] & 15 2\ X 48 o AZ 2 7 3548 A0 %6 2K T SA3R4E %

14



HARHS 2R L& ETERMAEH R 44 (Term Structure of Interest Rate)
ME BB HEEELHENMEEOEREE - ABBEATAN KB EN &
fRigE 46 E - ERAEXE A A RN SEGRMBEE - &1 B A MNRisk
Margin #9& % °

BoBmARBA AE A % (short rate) BEA! > % B 40 % #) 6.3% Vasicek g A

(Vasicek 1977) ~ CIR##! (Cox, Ingersol, and Rubinstein 1985) ~ Ho-Lee#t %! (Ho
and Lee 1986) ~ Hull-White#( % (Hull and White 1990) ~ Black-Karasinskift %! % -

B ERTAA R TSNS BREANAERNAL - AT P &

A S B R A -

. SHAERUTARER AN RHMEHSSH LB Bbfl 2R ML
OB EBRThEMARHHRRAE - Kl KT BEHH %
HEERFERRRREAA Y MEBOERESE -

2. ABETOSHTHHERLGFEHRE (Calibration)sF & » K dH] %
BELEH  FAGKTFHERSEH -

3. BBAHMNEGELATS( REEHF TLAFAEEHE)

FEBANRHA B BMAF (Forward Rate) $A! » & B %0 4 &) % Heath,

Jarrow, and Morton (1992, HIM)## #! $2 Brace, Gatarek and Musiela (1997, BGM)#
LIBOR 77 3544 % (LIBOR Market Model) -

BIMA BB P TREM A EZHMLBOHE MAERERABHGH
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kS & (Volatility Structure) - {2 sb A F R A A R AP BB 2 BB IE 0 &
AR ERH HUFRHBRALE > BARREARALE -

AT AT EHa A BB HE a8 48 o BE AR IR A R L) W ¥ B AR
BeP SLRETF -

BRAHMT HELBED £ K% (Pay-Off) & f, - AR+ LHER
B4 f AWM ¢ WBREAEES Ee” "] AVT AaMm B T
Preg s EARRRY LAE FOBHEME -

RAPET) HELEHAEEN 1+ %

P(t,T)=E[e77] (1)

RAERCET) BV + 2] T ey 84 % » 8l P, T)=e "0, 35355 %59

T4}

1
R(t,T)_—F_—tlnP(z,T) (2)
B gt -
- 1 ror —F(T—t)
R(t,T)= ——T_tlnE[e ] (3)

xtbshfcr‘ﬁiﬂfﬁﬂ%fﬁ%& o FIRH R LT AR B r 9 RIR P LBz
o BRI REMTRELET A r GHEMBR - B RIVETEEE RA RN
ReEmm 2 g ey @ mMAFBRA X 5 AR K E #3984 % (Equilibrium
Model ) $2 #& % F4LA (No—Arbitrége Model ) ; #] % # Vasicek (1997) Rendleman

and Barter (1980) -~ Cox-Ingersoll-Ross (1985) * # % # Ho and Lee (1986)

16



Black-Derman-Toy(BDT) (1990) -~ Hull and White (1990) -~ Black-Karasinski

(1991) - 12 R Heath-Jarrow-Merton(HIM) (1992) -

(—) #%HEA (Equilibrium Models)

HEHNERBBEOLLHERMEMA E MR GER B HEE LA
ROMMRBR FAARSGRFEBHBFMER -

AERTHEREF - SR EIERBERCH—BRELEGRR -4
BAELRBRTLAET A —BA TP RBEEATLT

dr = m(r)dt + s(r)dz (4)

RRFR mr) BARRER s¢) BERArHI -2 m5i G- 2B F

HERDELABREHRR TAAGHELHCER T ABE » 285 S RA

Bl o HsbA RpRIEH SRS oFRio s o

1 ~ Vasicek #i#
Vasicek (1997)8: % & — #3438 6% (Mean Reversion) &9 8 B 74 - 4
Vasicek M2 F » safAH £ r eyt iBA2 5 ¢
dr = a(b-r)dt +odz (5)
a:ﬂ%‘i%ﬁﬁ:‘@ﬁ%%ﬁ ' EafiAK REAMRQFRAHHDb 9 EAME 0 T

BHARRBRERRE S E

17



b#MEreykiikE
o HEGEHFHBEE
4& Vasicek # AT » ZRFHAFEKSL -
P(t,T)= A({t,T)e 2"r®
FEWARAE

B(t,T)=1(1- e ™)
a

2

(BUT)-T+0)@b-2) 2
A@,T) = exp| _ 2 o BEI),
a 4a
%a=08%>
o’ (T -ty
B, TY=T-1,At,T)= exp[T]
85 LR HFAEETHRS

R(t,T) = —}ljln A,T)+ ?1_—t B(t,T)r ()

(6)

(7)

(8)

(9)

(10)

REAREZa b - o WFHRRT » RIBAHEHMERTRr() G2 E

oA TR E A RN LRGSR EEAE o L T REEK -

W r BEESE ARAETRESLEA -

2~CIR 2%

CRR R A RRGEM ~ RIRasf - H BRsF - RE RSN BFEETE

BEAROFREL MBHA —RABERGTEAPERIE S BN A £
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MREHREARTELEFAER RRAAMEEHGRMI TEARKBES K
1§ % # (Contingent Claim) #31#% - Vasicek ¥ %) e 42 #7 #] L ARAL H A& 0B » T
AR EZRAME - CIR HEHARMR BRI EBIAGE T REEHH
R FARARIEL > JREP
dr =a(b-r)dt+ordz (11)

W IR T A4k Vasicek A P4a AP R T A GAMMIAE 5 9[‘&*%750 T
FHRERESG > NEGEAGECEE A mOEELE -

CR # A @#BANELMYEERYN TRABLEXERHSREBTS - B
b A ERFRAEABMAEREHTELERAROANE LS B AR B
WA BRI EAE

£ CRBAET » ZEAFHFHAXE -

P(t,T) = A(t,T)e """ : (12)

¥ AW : ]
Hen= (7+az)((ir’(‘:)’ :11))+27 )
ATy =[-—2 e o (14)

F+a)e’" =) +2y
Edy=va*+20® s b BB TRHEHEHHLEEGROLBNE i L A
TABH RESEAK > LB Vasicek 8 — 4 o R(L,T) T oA r(f) th M R Bk 7 o

BRTARRE QA EMPMERT oG r() RAE -

19



3-BRFHEA

BN ERTFHABXAFMEEELE B FENHNE)BE A5 kia
FTTRRTALER TR ES SRARZHMB ZAAERPLEE B
ArxeiaM e Bt dERFHEAMEH ERAFNENNEBTRGLEREY
3R - FTIAR — S 85 M L B TR 49454 - 4|4 Brennan and Schwartz
(1979 B RPHER S THAREHAEZGRY BEBEN P8 # A5
SaEAF R r REMAE] AP MBRRAETH X § 2 ARHHOAHE B
HERFERBGUREHAZ T O RNAA R E 4% -

%—@M%%ngmmm&MWMU%E%%ﬂ$&&%#%€ﬁEﬁ&
R A BBk By K o 4 ARE CIR — B398 NS EH » BRAEE
BREINGL (A ERHAE BOEB)BBEATRELGA T > Repmiifl gl
AR RIS sbsh RBER THREEBEUARRBRER S AEN LT - #
B3 —BH F# A > Longstaff and Schwartz (1992)3 # & & BF A U R T S48

FHORME -

(=)~ ££#8A (No-Arbitrage Models)
HEBRVGSBANRE RS R RGN FHEEHR AL AT IFHE B EH
—H-MBEFBEBRETRAATHOA R LHE—RATRTE RS - 9%

HMERVRBEHNFNFERRAGEN A5 BORRI ML AHEEN G E

20



#i (Output) > KA £ EABEH T4 LHA (nput) -
BMHEAEBRUVGRFABEARARSFN 92 MBRHBAN B 2ERYE
RFM 4@ - RAERKEANHMELEN T > fif EHHEHbgEd Ta
MAHBERRGTFHBE - wRHNEHHLEHOBLE LA LS REEHHE
HEAENRFA RZ  wRANEHMLEG BRI G TAESE  Alsahs£@

THARFR -

1 ~ Ho-Lee A%

Ho and Lee (1986) & std% & Al R HA R e 8 B A1 A A 4b49 48 A 42 87
FEAOREL - BHAAERBRGTIFERHWALE O X i A & 7 7
HEHAHERL -  REHFHEA S ¢

dr =0(t)dt + odz ' (15)
oA RIRREE > ATHR
O(t) FRARBETY AL S0 ] 2 HR P S bk — B WO BH I Bt - B O() R R B AR
BErE o r BE - THME c fr W - 00) BRI FE MM LEEM AT
0(t) = F(0,t)+ 0t (16)
EPFONALEFR 2GR MAE - SEATAMHFEARGTHBH T &
TN BREE A R R B o Ho-Lee BAH A R LB ERSIADE

W EREAEHRER  HERHEREH -
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# Ho-Lee BT » TERFEHAFME r 9 #BFAKE ¢

P(t,T) = A(t,T)e” """ (17)
R OANE W ]
_1. P(0,7) _ LIPS
lnA(t’T)_hl__P(O,t)+(T HF(0,1) 20 -0, Txt (18)

AR ERERRBEE  ZEFEFGFETd B ATESNBE R ¢ 85

Z IR R R RIF -

2 ~ Hull-White %!
Hull and White (1990) #% i —# 8ty A S8R » S8 ) R {4 S st ik
RATOF R R R IR R R &4 RBA R CAERARTART SO T

B — 2K o A3t B — 48 Vasicek g2 4E A ¢

dr =[6(t)—arldt + odz (19)
%
dr = a[@ —rldt +odz (20)
a

dr #| R eyes ]R8 > r KREBFRAE > IBEPA £

aHERERE

o HNFERGHRRREL

O(r) FEARFL R S BLER A A A P S5 4 — BB B B R
6()

B —= RAMBERE 28 R RHKF

a
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£ 00) TR A RS E LR o F
o’ '
6(t) = F,(0,0)+aF(0,t) + 2—(1 —e?) (21)
a
B &b X ey kh — B > TABWRI - b AKX IES r AR BE AR
L EFRA F(0,0)+a[F0,0)~r] » R&FHME > r B mfl ey
iR R a R EAEZRANEBEBE -

4 Hull-White 1% F » R E#RGFELIKE ¢

P(t,T)= A(t,T)e ¢ ® (22)
fsb X
B, Ty == e (23)
a
In A(t,T) = m% +B(t,T)F(0,1) —4%302 e —e ™™ -1) (24)

AR ERERRER + ZEFHFGMET d B ATR S A BRI ¢ 85

ZIaMMA R R KT -

- RFEHEX
WA AR E B EHNAERAGARECEE KRR - ATHEE
NEBEETHERT RS B FI#id% (Diffusion Process) #5ili4a i & eh85
15518 AT A ARA BRE A FIEARA E M e384 M A S £ R R sF sy
CHEES EXR L Ak 3 0E E 2 S E Rl S A E S L

Mo W2 TH R HGFRAFHEITH - CEERLRBATHARA

23



HEBARLL
AHEHERBGTERALTY > BFEBRENAEL - ER THRULBE
dr, = plr,,0)dt + o(r,,0)aw, (25)
£ ulr,,0) 4 o(r,,0) 5 5 9545 AR R > dW, B RAZEA B FEH - (25)
AR —RICHR/IEBRE > CELLTHSAFER/BEA - fldw » £ Vasicek R ¢
p,0)=alb-r) %= o.0)=c - @ £ CR # ® ¥ u(n.0)=a(b-r,) #o
o(r,,0)=oyfr, - #& 2 > Vasicek 4 BB 340 41 ) 5 SR 4 BA2 40 548 TR B A 1 2
WA MBEHCAR —EE R e F o BAR CIR BARRAEF 6354578 -
ERABMRG R GHOFEAREAM - TR F RO EE /B Z Y
EZREIRENBEARAGBBABEHIEC HAMTEIRGOFALELLRAN

REMERRILBAERBENHEAHEITE -

(=) EMAFHETHHHY

1 ~ Chan, Karolyi, Longstaff, and Sanders(3X F f§ #% CKLS) (1992)#] # GMM
HiEAE RS EERAEN LS B RSB NG A RE £ TR RRE
1 o AA VR T AN T 5 638 4 B R AR R R AL AR B AT R Bl A3t o

dr, =(c + Br,)dt + or] dw, (26)
EREESR (26) KA1 45 TAHEERBA - £ ¥4 Merton (1973) > Vasicek
(1977) > Cox, Ingersoll, and Ross (1985) > Brennan and Schwartz (1977) » 54 & Dothan

(1978) F A - G THLERBT A 15 £ ANBYRERE—EAH
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FBEBEAANEAGHETA BT A REFRGEHEEREZ LR EH

S0 B b 4 R 0 B B AT -

2 ~ Bali (1999)4 Black, Derman, and Toy ( 52 F f#§# BDT) (1990)#] % £ % ¢4
AT » #—F 49 CKLS 95K - 430§ (25) —fxibBF@ey (27) X :
cﬁ=n@hﬁuumn+%%qw+?de, (27)
%+{mﬁﬂmmwégﬂ%ﬁ%ﬂ$w%ﬁﬁ’@%%ﬂ&ﬁﬁ%ﬂ$w
RER - REAKRI - (27) Ktk (25) KB it RABREWBUERE » £4
T oA - Bali R SR ERDBREMA RO ETE  EREY
MHEBRARFH RN LAREE TR RS MBS RS ELLBRAELE

SRR ERAEE RS SR -

3 » Chapman and Pearson (2001)R A 5# 2001 £ RATH T BA R LHEE T A
BERE R SRR REEA R AN SRR EAT AR EES
FHERZERR B - MR AEMNEEABOFHHN  ER R KAK - B AR
REREBRMNEONBBALAFRESNRET  SELERNA FHRME - A2

BEBEMET BRETEGENRDEREABHNEHHBAE > BB LA
R > A EREBBAUIRTELY > L BH ERGHEHEBRMY > LA

GARCHH R - N A BERFeHMEN B ARENSBRMOE S FEAREETEH

25



HREHER L > 2% Chapman and Pearson 47 R #§ & 34k A AT R AR
BAEAAFME - FT L GARCH A - — R FH#AHEHAY (Two-Factor
&mmmmwmmwawﬁ~%%ﬁﬁﬁﬂ(R%mw$mmmmm®m)u&§
BH-F#% (Multifactor Affine Models) S84 A RAFZEREL > RFRBF B A
Aok AT REHE R BRI 8 R - & éﬁ“i@ﬁ%#ﬁﬁ%ﬁﬁ%’*&ﬁ
1979-1982 4 pj ei%%ﬁ"ﬁé‘ai% » B BB A B e A AT B S A R e ) AT
HIEFTEE > B A RGT BB T L L A% K448 % % (Structure Break)

B 7T Rt o

4 ~ Hong, Li, and Zhao (2004)35 H A BT EA X EBANF 2 A gy 245
i Em A T HA R ey EMR EFE K (Probability Density Function) #44%
oI RAH BB AR EFTE RBAHARIITRA - eMEEH T =+
SEARESHAFEY SR EEENHRETE R BOBRAS RS & RB
RALZEGRH XA EFERE (Fat Taill) FHEMF ERB A REGTARES
R AR 15 GARCH A & TH EB W HE4 XL O ERE LR
FERES > Mk EAm R (Jumps) BAR S Tifﬂiél‘i‘%$& FE iR 3 &) BT
WE e

FEBAMALRMOSREREN LT AETRBEANFEY aﬁ ATH G

Lt mAERERAEBHERMBEHOHEITS -
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(=) &I SHEN
1 ~ Hall, Anderson, and Granger (1992)82 Shea (1992)42 #; & £ A4 %!
(Cointegration Model ) 2R FEI#ARA £ K ERMA LG % - MERIEE
SR R R AR L AR @ BARIE 13 18 B 44 A7 3 3L 916 2R 45 £ (Error

Correction) #7 A% FRA & S8 -

2~ ANERMEF AA L L B &4 (Shea (1984)) » Nelson and Siegel (1987)
FRAATARGEAF S dhsg ©
Rm)= o + (8, + B -explm/emr)- By exlems) @9
BB P ELHOREAES  Rm) TUREAFRAOBBAAEH KL - B K
Nelson and Siegel 8 A JFF B A BH - HEFEAN E SR eBEIEN 1L -
e & &8 71‘.;‘2%)&,,"\ festE - ERR THAA R R TS E8EE 2B KR
#FaRME o Btk > Diebold and Li (2006) # Nelson-Siegel # A 520 & F &, :

n&ﬁﬂﬁﬁ{Eﬁz}ﬁ{$§iﬂﬂj (29)
£y @) REB MMM A r BB AMEHAE - B AHTHAMET KA
TRRBAAF QR L TR B, 0 By o fr NEARAL BRI K - B
Bk (29) XA S BT RHBEM M 8y - A7 VRS RIS
SRR E RS HAOBA o A TR EAA R SR BT GTR

T -
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Diebold and Li & % B4k i % %08 A, Bl 242 0.0609 % » Aol 58585 1 &
AAFHGORIT S, » B, H0 f, 41 > ZHhBRAL LS4 EAHER
AR(1) BH o dodb— R BT UA A E AR(D) B RARE RS0 6, -
BoFo By > REBBRBELABNE A ESRAMNR B RYBERIIRBME -

Diebold and Li £ A4 B A A A S A S S B R ME RS TERIES -

Z-RBEEEREASHEREMD

(=) AAASHEHEAEY
11999 #LREFETHENAICOAE RBC T/ af L1 BEELS

(American Academy of Actuaries ; AAA)RR A T AT /E > R — 24 %
BEART o )RR A A R 53R A A (Interest Rate Scenario Testing Model ) »
SEA T B G40 L BBRARRR A B AR FLH R BRI A 5] PO SR8 34 A A0 A
AAER > RARARHEARABHZT » 2 TRAEHREFEES -
URUEREANELR BN SRS BAAELREH L HHE RS
MHEEERAAG AT HBDREBERAHEAST SR BHVRE
AR AAREMR (Suplus) R PE - AF 52 ERahEsd A5
WA NEIES  RERETHD o B0 C3 BB EE RS+ B o A A BB
EHE e C3 BB AR RS X 60 1/2 5] 245 » uak R st AR BLBR AT 3

H2E&RARAAOHEH XRRAE KRR - sbsb o AR KB H SRH S0
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ANEGE MABRTRERMNERRZFLRFYABT ZHAHEY > L4H LA
575 A %A 2 RBC Rtk -

IRV BBRRAANRRIOFN FAHEL L HBRZHE - A
ARBHRAH
A~ BEHESE 30 E -

B RERARKEMATFEIN B GH REEH  AABBRRMELES -
C-FIAFKEABRISM AL TR ER MR A (Year-end Asset Adequacy Analysis
Cash Flow Testing) k% B AR A MU R B BB FAEAR=ZTEMEE
Fo M A EBFREHR S -

A2 #E A £ 482 B (Interest Rate Generator ) » F i £ 85 4 1951 £ 1995
FZARER  BHARMAER RGN LSS HRBBERE LB A
RoBATERAEHWT
A~ REAFF (204F) haAHE (4,);

B kiiH AL EHME KK (6,);

C-kaaffaitl® £ (@,);

D kREBHMAFMFLZEEHGAERHH (F)-

BT & 25 B AMERRA IS SIS RBRE T 0381%% 1951 £ 2
1995 #eyE & FHRALE - @ ;%B&%#%i%’%“ﬁ&h\éﬂéﬂﬁ SRR

0, =6,-2.40-0.3476, + 0.59"° (30)

29



3, =1n(0.0038091)’ (31)

6,

¢ | =4 —0.00484, —In(0.0655)+0.210(p, +0.0105) +e2@’  (32)
i

9
® | =¢,—0.04Xgp, +0.0109-0.000244, —1n(0.0659)+e> (0.165! +1-0.16z?) (33)

7
Xt of R ol RBAARE S & AR R -
ERUSHAEH T E > AR CHFRVEH BB EE LA E B EHB S
# o @B T

3-Month Coupon=1.1785x%(1-Year Coupon)-0.2616x(20-Year Coupon)+0.0045 (34)

3-Month Forward =3-Month Coupon (35)
CFGHRERS
LR IEEE
Forward  |3-Month Coupon |20-Year Forward Constant

6-month 0.99276 0.11358 -0.00436
1-Year 0.86814 0.19985 -0.00316
2-Year 0.62614 0.48208 -0.00649
3-Year 0.55221 0.51409 -0.00415
5-Year 0.40933 0.62311 -0.00003
7-Year 0.32122 0.68682 0.00320
10-Year 0.30691 0.60731 0.01102
30-Year Forward =20-Year Forward |

AR EHOFHEAVZER > FHAEMMEH - BAEA 200 1450 R k8
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RE# R H PEE 50 4A RHEHEUE C-factor » ARBFH I ARRF £
TR BRSO BANREALERSOEGRE - B TRNEREF EHE

FiE & C3-factor »

2~ AAARBER2005F Z AR ZERFLEHNERR T R E A3 (C3
Phase II Risk-Based Capital for Variable Annuities : Pre-Packaged Scenarios) — X
B8R ARMFLMBRALME ¥ o) — R E ABRS1000018 45 573 - 324
BEABTARFRARBHGRBRAAUAS L - FA RO F S EF R HY
A EEAMABRPERERA TR Flio  FRBEEFFIR - F 53 HRH A

TR -AFLRBRAEFAHEGE A RBEAREIER Py BEEE

w

Wk MARBERGEH T ERIIFHF AR HRFE - ARBEGE

EBRREBEHMMFRL T .
Asset Class Market Proxies Historic Period

U.S. Treasury Yields U.S. Treasury Yield Curves 1951.01 - 1995.12
Money Market 3 Month Treasury returns 1955.12 - 2003.12
US. ITGVT U.S. Intermediate Term Government Bonds 1955.12 - 2003.12
U.S.LTCORP 4 U.S. Long Term Corporate Bonds 19565.12 - 2003.12
Fixed Income 65% ITGVT + 35% LTCORP n/a

Balanced Allocation 60% Diversified Equity + 40% Fixed Income n/a

Diversified Large Cap U.S. Equity S&P500 Total Return Index 1955.12 - 2003.12
Diversified Intemational Equity MSCI-EAFE $USD Total Return Index 1969.12 - 2003.12
Intermediate Risk Equity U.S. Small Capitalization Index 1965.12 — 2003.12
Aggressive Equity Emerging Markets, NASDAQ, Hang Seng 1984.12 — 2003.12

(=) CASHRSOA®#HFHAMER
20044 % B & B4k B 1 € (Casualty Actuarial Society ; CAS) £ B L2 ¢
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(Society of Actuaries ; SOA)—Ae B & FI £ 4L 2 & SLF] % 48 ] 60 48 7 9 8 40
(Modeling of Economic Series Coordinated with Interest Rate Scenarios) — X » 3%
FECSTHS ERAEOMEH > 04 ARWE- - TAHE - ZAAE RS
AR AIIRE) R B AR A K £ F o AR A  AE  60 8 AR - LA
2R L BHEREOEHFAMANLTF :
1~ @ gk
dq, =k,\u, —q,)dt + o ,dB, (36)

A AR 3R R 1K B BR( g )42 & 4% B 1) P9 AR A Ornstein-Uhlenbeck ( 34 f 4%

0-U) i8f > $BAFEFHE o B ¢ g RAMIETWI  © RES S H

R pRERMPFHHE oREAZ B S A ALK OBBHRL B

WF
Ag, =i —4, =%, (1, — g )0t + 2,0 VAt (37)
9 =4, +Kq(/.tq —é,)At-keqaq\/E (38)
=K, Mt xpu, +(1—Kth)X q, +£qaq\/Ki | (39)

FREWKREHR (¢q,) TF:

CPI
= |p—t 4
q, lnCPIH (40)
BEYCPILREAEFREGHEEMBIE CPI_ REN—EBEHHEHXWRE
Boosbth FARATRREARNEEESZFHGLHMEARE » 23X (1) A

AR EH (191352120014 ) R (2) =R KBtk o 4 # &b (19464 2]2001 4 )
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RALERGEFEFR - FEATRLETFAAEEYEERASGTE A

FEFLEAFHEHEMBIES TH - SRR F A M Vasicek(1977)32 1 #5978

RAFHTX > ATREGWRG S HREE -

Time Period K, H, o,
1913-2001 0.37 33% 4.0%
1946-2001 0.47 4.8% 3.0%

2-KEAE

dr, = (I, =r,)dt + c,dB,

dl, = x, (g, —r,)dt + o,dB,

(41)

(42)

RHAHEL B ABMBELR CAR B LA LR ERWIRN L ERTA

R o AR U Vasicekm Bl FH RLEBBAUARNTEANE(r) DS

Hull-White &y B -F 4 %1 64 f§ £ A o 4 Vasicekdy B FH A F - 3856589 #) £ (r )ddik

AEAEHERAE () - BTATENSEE ) EREERA LT :

HEXERpTF -

Ar, =K1(l,—r,)At+0"8“ (43)

Al, = K'z(/l _lt )At+ 0,8y (44)

Ta—nh =K (l, - )At+o-lglt = (Klll +Kh )At+o-1€11 (45)
L -1, = K2(/1 -1, )At +0,8, = (Kzlu —K,l, )At + 0,8, (46)
fg =F+ (rc,l, + K1, )At +0o,8, (47)
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=, Atx1, +(1 -k, At)xr, + 0,8, (48)

Lo =1 +(x,u—K,1 )Mt + 0,8, (49)

=x,Atx p, +(1—x,At)x1, + 0,8, (50)

BEERXTTo SRR GEHAE (1) AHBQFERT ([,) /o

HPHMR HBEFATRERMA TS (g) REMEDFRT (1) wiF34
32| -

TR FI 19824 212001 e 0 R 48 e A B> R o sa i

ARENAAE RUEaeMERS ikt R ER B RBRE &N FF kbt

Stagel : [,,, = B, + B,], + ¢, (51)

Stage2 : Ar,,, =a,(;;—r,)+£,', (52)

B BaRRERAMNEAMGIE (7)) AARLHHQHFLERFA - 1982

FE2001F K HAEMBFLERL T XL

K, M, o, K o
6.1 2.8% 10.0% 5.1 10.0%
3 4B %
P(t,T)= A, T)e™¢" (53)
P(t,T)= 4’ (t,T)e 1807 (54)
P'(t,T)= P (t,T)x P*(t,T) (55)

FTREWRAT AR EHBASERE TURBEGSSH)H)KX KB L8 H %
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#(55) XAdE (53) X&RE (54) Ka6tmmk > £ (53) ARBEWHR
Fl&# B (54) XRFTHA F ey WM 4% - Fisher(1930)32 % 4 B #1 % R R4
REBRBEORFFMBEL  CRABEINEEWRAMR DV GBE S -

AKin > FEHRALBAHBEREAEBARLBARAHBEA LR » 4]
o P B1oes208 008 B AR R599% > FIIFRE205 874 B A £ 282% ©
FHHEASGR LS L BHNESRAER > oo (1) THHTEHEER
HFEFEE; 2) AREHNRSRA B THROGHREFIRBENHHK
BERE S (3) FEAMNEHEMNHMALE - Btk THHERLHGERALRTL
BAREREGRER LSS EEABHB RSB AFHRE - TAPHHS

BAERBAERGERRRM -

K H, o K, of

1.0 2.8% 1.00% 0.1 1.659%

(=) VWikie 9K FEHBH

Wilkie (1995) 3£ 6HLH 5 T2 B » A0 ke BUAL M B AAF 42 7
% - Wilkie 2 F i £&9 A RBFHA R GARCH 9i84 > ¥ AR EHKBHE T4
BEAMGHG  BBARFANLBEE RIREQRY - RABY 04 A K
WA - B - RURBLR A £ LR 1919 5] 1980 60 FRE BFHE

BE - ZMERBRABDGREIR LA BRI A~ A E - RME - REGAH
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R GRS LRE ERECHEAREIRBBES > i BBEEH
ABEATH  LEBHAEIMMG 1919 £2] 1982 £ s 1923 £ 1994 4 o
Fedb o E R RAR NG R ERAYRERAERY > B REY
RUABFLOHREEREETR > CO)RBEXEF LAt HBAHE - BA ¢
FTRAGH T :
C(t) = CW x CM(t)+ CMU x exp{CN(r)} (56)
£ CW & C() #4844 % $c £ # (Transfer Function Parameter) ~ CM () & #7 — 148
18 4 35 $ Ao 4 #5 8735 (Exponentially Weighted Moving Average of Previous
Values) ~ CMU & C(t)#5F3453# (Mean) -
CM(t)=CDx I(t)+(1-CD)xCM(t-1) (57)
2 ¥ CD A8 -F393 % (Moving Average Effect) #) i3k & 3~ () R 4185
g: 4438 B Ak (Inflation) -
CN()= CAIxCN(t — 1)+ CA2x CN(t - 2)+ CA3x CN(t - 3)+ CY x YE(t) + CE(f)(58)
HEFCAl ~ CA2 R CA3RAZMAAE £ 4 A 385 43 (Autoregressive
Parameters )~ YE(f) & Y(t) 4 t ¥ 2564 5% % (Residual )~ Y(t) 2 &4 & & % (Share
Dividend Yields) » CE(t) & C(t) s w5 meh 7% £ -
CE(t)= CSDx CZ(t) (59)
g % CSD & C(t)#9#% & £ (Standard Deviation) ~ CB & C(r) #9458 34 4 #t

(Moving Average Parameters ) °
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CZz(t) ~ iidnN(0,1) (60)
E¥CZO)RClt) S mmB LR E -
KEF LA EHEE 85 CR(E)
CR(t)=C(e)-cw xcMm(r) (61)
InCR(t)= InCMU +CN(t) (62)
RARRAEEE (1919 £2] 1982 F) 645 # 3t - CW =1.0; CD =0.045;
CMU =3.5% ; CA1=1.20; CA2 =-0.48 ; CA3 =0.20; CY =0.06 ; CSD =0.14 -
CR() 1 34 8 2 — 18 ARQ) a9 B A - A2 s 324k AR() AR XA > 3 4 w8 CA2
BCA3 - #IM 1923 £ A2 1994 £ X A AR ENMAEH S H BRL  CW =
1.0 5 CD=0.045 ; CMU =3.05% ; CA1=09; CY =0.34 ; CSD =0.185 -
AMA REBRBTHEB) AR LT aNEiA R EMAEYE F
WEHE > TAF @M AL (Spread) HBEMAE » KR RAMA £
H# 2  BAPTRGEHLT -
B(t) = C(¢)x exp{- BD(¢)} (63)
b BD R BT HHRG MR EHE Y o L FHBT RSB A — 18 ARQ) 84
B RRTF
BD(t)= BMU + BAx {BD(t —1)- BMU }+ BE(r) (64)
# ¥+ BMU % B(t) é@%@% BARK B(t)# & $:@ 85 53 - BE() R B(e) 21852
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BE(t)= BSDx BZ(t)
H & BSD R B()wy#2 & £ ~ BZ(1) 2 B(t) 1 By 12 B ALIR £ -
BZ(r) ~ iidN(0,1)
%% BD(t) ~ ARY(BMU, B4, BSD)
InB(t)=InC(t)- BMU — BN(t)
BN(t)~ 4R1(0, B4, BSD)

Eb @it R - BMU=023; BA4=0.74 ; BSD=0.18 -

F=% BAXK

(65)

(66)

(67)

(68)

(69)

BAXRTBAUMBEIROTBRR AP HENHEGRITHOH

A~ &V 4% (Parsimonious) B A R R AT AUE =22 - AHFRBELFEX

BREFE &k HRAME— - MEE—RME&= -

—~ENHE G BT HHER

1~ 8] (1996) X —R/Ib—BHFR-_BATHEEREBEBAUTEH L2

BRTIGRBAEES - PRI A198241 8 219954128 » £ A30% ~ 90X

BRIBORBMEAZRBITARLEZ A-FHRBMERITAR - EHLREF K1

—HFRARL ERAGEZ A FHEAH B R THHNELHTHEERE

R ERRMNEEHERBREVH AT THHE LG BBENEETHRR
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R HA 3 o Ty B FEAR o

2 AR (1998) LULASE R EX EEAOKRE T HBA£3tk »
SO 6 R0 BT » A M S A 6 KA < HEE
#1986 F9H 21995412 H 6930 K #3 ~ 90K £ ~ 180 R BAMY R A MH EAREH |
RLHINREBAFTH L199041A48 £199557A318 » £1618L R T 55
AR EARAEL DGR - FARSRER: BB THHEL ISR ARG S
Ko WA R AR LR G M - 12 Vasicckih B A3 51 2 S 3 M
b Exctended Vasicek it 7 4 RAS R » 15 3577 55 97 46 60 81t 55 A 397 45
BAOSHRFR/E S URABME N EELAFARRE KB 2HANL

BN

3~ AR RAR (1998) HHAERRRYGHRTHME > BFEHHM
A RRAIE - AR EE > DREREBEARAHROFENRET 20Uk
Pk ABEBRZROBAY IR AROMNEF SR AR AHZEN  FATE
BHBREZ - R T IR1986F9H 21995412 8 530K #7 ~ 90K 24 ~ 180K £
MEAMBERAZAE L1225 A FH 199041848 £1995478318 » £
1618 MR THMERBEAZHELAB TN -AMRALERER S B R THH
EFAEHATRALARZBER G 2B THRAARMREY T HASEMAR S

SRR ZMBHR - b UR—RBAANREHAETIEELER  REBTH
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ERBAE g bR R A BT MBS -

4~ k£ F (2000)49 5 38 F & £ £ & 3 4§ Chan, Karolyi, Longstaff, & Sanders
(1992) 4H R MM > AHERMLBOESBARE EAY R HBH
BURAHBEEY ERRANRALEARTHAAERBEAZR -AEHM A
198347A238 £20004511A238 » L30ORMMARATIHHELAZATEETH £
O3 EBAH  BAMABLERL —BXHBALBHNEM - RELERE
A 20 P S MR AS SR A0 0 AR LA 0B - — 5 L 0 P A 2
EBAHBOBMAUEET - A5 HHARTNMEERER £ EHFRERN
RIS WAGARCHER A §1% > FHELERROAMN LY LH B ERREHF

KERHBR  RERARHBABR R BB -

SRES (2001)F BRI 2SR RK > BL199043 5 £2001452A
AEAZRETHEEHERT RRBPHESAREHN AR LS > £FHA
Campbell & Shiller (1991)#] £ @GR A BB L BRI K GRERF 28 > BIEA
Heston (1992)# f] Rb K B — B F & A R BBRBIINA > BRT RS BRARAT
RRERMABRBZRRE - THEERL T (1) BLERZHFTHMMBKT
ROGBRSTREBHEB KGR 2% M2 @R ?é?&#ﬂﬁ%i&ﬂﬂiﬂ%%

B BERMEFOMMBKREGMMA Sl &3 T —5% (2) A& E%

40



B0 R SR Z IR B F AR KR A — B T R Rk
BRFBE 2R - RIATRS 5 IR BB YAk — T
FOR T ARSI R B £ 9 B AL 0 B A T D A T
ERRARRRAIER (3) REIM B RE B A2 A — IALTRSIES I
Bk 0 87 E A5 T R Bl R O FA B AL ¢ (4) SEAA L ERE LA
HEBAE-RTR75%G AERBARAARENAN R LA S RGM L LS 3
BRTTH RS - @A ARSI E A6 A RR R R A B

t# o

6 - HEF > ARRFETH Q)UK ERABEH &M EMAREFT
FBoRREHAI99451/48 219984512878 > £258% 8 T3 R % > safi#
FRARBTHZARPBATARTERAZZFHHNF - B RG> st EA
FRAKFHRE AR BRESHRF4E > AAAATHETE Rl
KEMRRUMBHTHAHEL ARASEAHAKRETERNERGE LR
BREOAR MAETHREH  HABRD TRV - BbAH TROBGELS
B BN ERARGREARE - L ERERBGKRET iﬁ%lﬂéﬁi)ﬁ%%ﬁ%ﬁ

-

7~ BB (2002) RSB THELENNABEITHOMESH - M & EHN I
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‘%%Bi%%ﬁ%m%ﬁ%’m%%@%w%$uﬁimﬁ#uﬂ’@mMH
BAURHMES#H - MEDHELNFERETERE  BHLARERE A SHE
ﬂ—CMWﬁdmmm(U)%W%Amﬁﬁﬂﬁﬁﬁﬁiﬁﬁ%iﬁﬁﬁﬁw
# - MSEFTICH & & F43 4o 2 ACWMA % #114 89 BDT324% & 3.8 GARCH
(1,1 )E » {23 REAEA ~ EIEAR ﬂ*%uﬁ%:‘&:?ﬁ*ﬁiﬂiﬁﬁBDT#ﬁiﬁ's\HE
HAE TN ER » AMSEEFPTICEHR S » o FHERERERK > Bt dBDT

BAUMFRAERT A —BRFHEETHE -

8 » Rk (2002)4% A Gallant& Tauchen (1996) Frig ik th £ ) £ 5%
(Efficient Method of Moment, EMM ) R ##] £ 42 A #1453t » 57 % 4 B 4 1994 41
ASBZE2003F3A138 .k > BIEBREMBRH BHR—K - £384ERETH
WRIBEAEBERAZANNE - TELERBAAMKEHLEARHERTRERA T
FIEBRUMAN TUARER FHEENREEAAMER EOMEH- £

PR3t Z B RET AR B8 R R FTEMN S MH B2 377 -

9~ #hHF QO)RAEEBHAMBEAZ TR KA ERNE S
ZEME AR AI991F1 8 220014128 » #3122\ EHEA > S EH
FEBA - sa#iF) A & Campbell & Shiller (1991)BVARM A = #6 £ 47K

e RELRER RUHERN P RALFAAREMAE S GO L R AT
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BEHAHNERA T HERAZCBHERBERE T G2 R REMAN R F458E
MBVARK A ¢ RAA| £ 4Rl iEsE SAa kA HEHRAMERT § R > ik

WEREHABRENAEAEDREFAARE A REHABHHEN -

10 ~ BRIG#E4 Q002)RHAABA R HF B RABE LGS MET - HAEH
Fl&#mAELEE > £ ADuffie & Kan (1996) At i e945 444 R 2A R &
#(Affine Term Structure) > /v ABLEBRETF » FIA —RICH £75 > A4
o EMBARKRFIRGES - AR B19945F11A248 £200142818 > #

1738 RATERRE > RISORMBEHBEAZBEH -

11 ~ sREE# (2003) #¥Black, Derman, & Toy (1990)#4 — B FBDTH] & 4 &
AP B — B -FBDTH B A - 3 HIFFH HF 2378 F i B34 - R EH B30
k%\%i%~mmﬁﬁ%ﬂ$’W%?ﬁ%i%ﬂﬁﬁ%ﬁﬁﬂ*ﬁﬁﬁ%
BERA19824F R28 0 HHAEA2003F 548 0 £10952FH - R FBMBEMNE
%&ﬁﬁwi%~%i%$@%$DmmmmmmmMA&wmmmu&
GARCH Effect# " M Z B A Z TR ERA S - RELRBATEEnMF2
driftff £ 3% 2\ 2 JE 42 1+ (GARCH Modelf5h ) - 12430 K 27 ~ 90X #7 ~ 180 X #A
¥R 2 # £5p 85 % Level Modelfs TR A & 8 b2 k Rk Sy ERN

Level-GARCH model - # £ Level Effect X GARCH effect& #5 2 F4p X 237,
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GARCH Effectfo ik 8y bk 64 Bt 45 Bl 12 12 > LR RG22 &ML -

12~ & E (2004) (199641 A48 2200445 A 28 B 2249 %[5 & 3 2 4
B IORMBERBEAZ EANBENTEASZ 3AANBRETRHLEAZ
RBROEAMBAEE KEARRETHRETHHEEH > A3t S8 £ 10
ARBAREBERE - MEAHBESRELZ - 3EAMBESHERAZURG
BAMBERBERAZRETHREHNERAEBUARR BRI T - LRERR
NRFETGHEFLABRESHFEREZRURGARCHE R > 3t BHRL LM
PAZFRHMEAEZR CRABEBRANMARAEHNEHEAOLE - H A
REFHRAFLHUEBRFEAHNERV 2 BAERR R BFRERMARHK T &5
MEEFFAERR - GARCHU R A A E B4 EREARZBEHBAERY

BENF| R HHA -

13~ g3t (2004) 2X199651H48 £200346H308 #4930 K% #7 ~ 90X #3 ~
10 R RBETIGR AN ERAZERN F 420178 ZAFRERIF KA F 142015
FAATR TR ATHE B A4 - & R H A @ > 418 Vasioek
B> FU bk TR TG B A 5 R 6 TS5BS 31 R AR
TR RS AR5 6 R - AR R B R A AT

% F &) Vasicek BCKLSHE A » A& £ FHE A E P ey Hull-White @BDTAE R - i
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3¢ 4# Bali (2003)#7 42 th #9484 » # Hull-White (1990)4% % $2BDT (1990)4 7 4 4%
EHE N B AAGARCHI A E A F 2R o i sbra KB N
(Vasicek ~ CKLS » HW-GARCH + HW-level ~ BDT-GARCH 2 BDT-level) i 47 b 8% o
BAT S BB > 3 Btsh B (tstatistics) ERBR NG B U TIRAE S ABREH
GARCHE R AF FKREXR S A A R T B A BB 2NN E > B 2R
CHERFERALBRNPFHEATICRA TS L TRAERITOM LR AEER
FRAFEHREE P MAGARCHZ R A $*$§i%%$€%%ﬂ*ﬁﬁ(HuIl-White

B|BDTHL A ) & B8 34 8548 A (Vasicek 82 CKLSA A A 4 -

=~ %V %% (Parsimonious) #%

1~ e (1996) #) A Nelson& Siegel (1987) #9324 » M4 B N EUF
RAHNFHRBLHNR T 5MA FAHH  4FuSadEug THLERE
HEARAAAFN R GEE OO IR REEAEOLA RS ERHEI=E
Bfehdaif A EAAFHRGUE - AT B1994F6 8 21996458 i
BRAMNFERBMMR > BERAMNATH LAA CRETELAEFIHE— KRB
- RBLEREBT BNBRAAHAANFHGRF SR EMFELE  RF21.20
NRBETAREFVAENEZGR - F BEBRIMEAANEHEREZHA
TRETHBHATHGERGEF > Bt £:BF LAEAYE > T8 A Garbade

(1985) #Chambers, Carleton & McEnally (1988) #45E A G1 Bk %7 ©
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2~ B+ (1999) #4EFrishling& Yamamura (1996)57 42 i sy 45 70 2 sk ot »
#4-Adams & Deventer (19994 % - AAFT RS ¥ M A MET 5 BAEANME >
AHBA_TFEN AMKFEGREARHA R HEKBER P > Adams &
Deventeri& R /i s A 64 8. ) A % 8. 1& # &9 &8 & 4 s Frishling & Yamamuratt %!
BRANEEARBAFAERAETH - Bt > RN LE4AEM - Bp ¥ G rishling
& Yamamurati %! 8238 2 S # M 3R 4] 3 dh 4% 1 Adams & Deventer #£74148 7 &
SER > RFARAFFERBEAA F ey i@ A HE o dFrishling &
Yamamurafi 4§ Z B EAA R dh &g - BAIA A4IEH AU A $Adams & Deventer
BAUGLSERAT EHERANMMAELRBREATETHBESR LR AT ES
@AY BEAERFIEEER T > 25 3R B 6 $48 F ok (R e Rt
Sk i) RE FEAE -ROMR 2R DAL AREMAE Bk

SLIBAE B HA B BN A B HER -

3~ RFE (2000)% 5] AR AR - 438-F 875 F 44 Parsimonious
A fo g IR > %%Té‘?%’&%‘rﬁi%é@ﬂﬁ;ﬂﬁ l&4% - AR E R A 1995 F
1242982200011 4238 288420 FUANSGEEBRBTIME £
67 % MIMERFRAEFFR—F FEERFR > LB ST UHIR
ﬂﬁ%iﬂ$%m&ﬁ%% cMEMMRIBA Y FEBEA T T REFETH IR

REBAL D P46 48 3.711% » AMEH 0.793% > BN FE-SHE T
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Parsimonious # %! » X4 HFRBLEFG S FHEH 1.13% » T IMERE

0.37% ° sb5t > & 83.2% B BF 8L » A 64 FI R AABE AW 90% A Loy > M fe
EEHAPEATE 34.6%00 80 X o5 8 - FIHTRFEE FLRANIR 1% > sb—
EXRBT M A4 R-B X T ¢4 Parsimonious A REH S B T A R M

S RREAGHAIEL > LAAREREOBIER -

4~ FM -~ T#43% -~ kT £ (2003) #]A Allen, Thomas & Zheng (2000)
ﬁﬁ&zﬁﬁﬁ%&ﬂkﬁﬁ’mé%*%w@i’*%ﬁéﬁﬁﬁﬁ%%ﬂﬁ
R -REMNES 1995 4122982200046 11 238 > 3)#HA 1S &
N AMERARSE 23 F MIMAREAESE > MIBALEARS
—ERME LR ERRBAFEREZTHME X8R EEH AREBTELR
5B FRAE - TREMMETHER > Nelson & Siegel (1987)8
Parsimonious # ! T 42 T 541 5 81 P &6 #7BK » B A 0 S WK S B TA9 2] R 48

B BLBARE ) BT F 4R -

5~ 4883k (2003) 2 Nelson-Siegel Model ~ Extend Nelson-Siegel Model $1
Nelson-Siegel-Svensson Model » £ 4 € #i$iHE R L RH]F > RS M AoHE B R F
# - B4 Modified Gauss-Newton /52 & 2 NMEATIHFZ A R ML - ZHAE

BB A R R AHBAF R G AR A 1995 12 A 29 8 £ 2002 £ 9
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AR278 %353 2%FH  MEARS E MIMAEERAEER—5F > NME
a‘iii%&iaﬁzﬁ‘i’%iﬁ?ﬁﬂ’}?i&% EEREELILEN AMREZH R
BARE - HRALERER: (1) ARXFRAGHARLIMS T > ZHBA ey Belise
N I0%EA L - BRI ZHEA - £ E B ME TGRS BN (2)
Extend Nelson-Siegel Model 2 &2, £ /7 * ﬁﬁ%ﬁmszm&%dMMd%
o BRSH M TREAKBRAZHMEHRZEI QOELER

GBRRRRET > BB ZRBEAENRTERGHER LRSI TR -

=~ R4k
1~ AREE(IV)RBZBENMETHEHNS L6 A1 828 F6H308 &
38 RAE AN GGMR I > A B= A4 - L 495 BAAE SR - REFR
B ]38 5k L ol 4R Bl R AT L %%ﬁ%&ﬁﬁai@%éﬁﬁaiﬁﬁé%ﬁﬁ‘#éﬁﬂ
sk BPHEFSHMERERATRIMHM - R BEREATEXK

R b BB R R B 2 BB

2~ #ARE (2000) ZALABRPNMETHHETHNEAR SHBENT > 85518
Fi Bootstrapping 7k KB A L f 4648 > BbE RSB BB RIS R BLRg
HERBILHIFEN L RELBS ?%’\fﬁﬁ”ﬁéﬁﬂ$ﬁﬂ Bl &5 4% o BB SRR

Vasicek and Fong (1982)&3 223 AW R A A — MBI E =R IR E - B %
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#&McCulloch (1971) &9 & BEFEABA L H LR S ARBEFERL > X

Downhill Simplex Method &2 & /N F F ik 5 Bl RE R T4 8 > emgiam

FH RIS BB RES T IR R R - AT A1995E6H218 £1999

F12A298 6 B AR TG HEZGA ENAME - AREREHERBI LA

FERIFREREBIE D BAEH A E RN R - Bt EFRLHFBRENE

HERGEET KRR RAERAAN AL B Sk REER

03

3~ FRAP B (2003) 1A 4% 4% 3 40k (Basis Spline Approximation) 2 # # »
A MPowell (1981) FAR Rz Atk > B 6B MMATHHA R ML
Mo FFREMA1995412 8298 £20024-9A278 » HE|H B A305 R 694 B E
AT #A8SE HERAF ORI ER—F MIBRALBEEIHMEZRS
PR BAHERBZFHME EEXHEH  RRKBAZXH A THAH -
TRERERB-Spline A HN B MV HAHF OB LA EHE > LHEAK
®iE94.03%; MALEEREBFERATHIHHAHBMARGBE | RHEESE
B-Spline# & RIEH &R » F{oh B AR A R B AR FEBIKHE
o BARIBREFHEE%  AEEBALE T > £98.58%M BLE L -
BEA o F) E A4 R ARN90% IR E - E%‘sa@#ﬂfiﬁﬁ%&%%%  MABRGM

SRR > AR A ARENE A PHFRBLEEHIRER N
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1% » éﬁﬁﬁn?\méﬁ et BT B 7% ¢9B-Spline#i & § B4 S E BBES ©

4~ 3R (2004) =4 & B P AB-Spline & # A At &3t Al R AR &4
B R SRR BENRT AMREFINBETREV o &iRE > L AhRASLH
B X GEEESR » 7335 Exponential B-Spline #% %) &4 4 A 27 F] 0 A =48 L B 34T
HE DA XEFFI GG BT AREF B NS LR 305 di#Diament
BAULBARWEANERRT ERRBSSHBUAHHRHHER FREHE
sEC# By 15 A » B $bMansi and Phillips 2 & Diament # % 694225 » 32 3 T A 4R
G ARFEAN S 52 69 A - B - 348 R IN19954-12A298 £200349A268 >
VAR HA B AE305- AN 69 & B BUR A AR AR B MR ABAISE - AMEM L
BRROAEFFR—F > MBAABBEINIZ RSP RAEHFRFEZ T
{4 - tb.#Exponential B-épline # A ~ Diament 4% %! fvMansi and Phillips ## 7! $ &
BAETHAN RPN ERARERANES - X EIHARTE SO THHERE
M ERARREER > AIMRBAZZHIAERREZ - BENBUELE
fir » - BOEFEFEHEHEAEL - BEEALER  (DEA S REEHHE
- ) aiifn:r;Exponentlal B-Spline# M gy g8 /1 s QQAX B ASHHEARARREIT »
FIABYGRERNYEN AT EAIRRARZIZR S QOFRRES ERAG K

ARME T > % stExponential B-Spline#t ! 84 fie. 8 & 5 1 o
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S5~ EHM (2004) s A (CIRER) Fo @t d! (Cubic

Spline ~ B-Spline ) &8¢ EE NETHZ A FHRM L& - BUTEIH L&

— AR EEHAE S AR AR B A A20024108 188 £2003410A318 & 2 B

=

T ME  RTTH > BHARABEH  RETEMA I HAAER > NBE
BAE ZEAH XS MABEALS > MRELRREE S B 2 EREH - 5
REFERATERABEIETCEA MG Z B FHARBABE —F AT
Z A% > EH1E ~ 108 ~208 ~30B ~608 ~908 ~ 1808 ~ 2708 ZRP#| % 4,
o ARBEHEMMSBZBTN 2R —ER TR T ER 2k - TEL
RET CREAfmEAN XA RMMEBBIEFTEOTHAANF RSB 2H
Ko RERBHNERNERBHZEHELR - ENEELLHELA > Cubic Spline
FoB-Spline# s A B R HIME B LR AFH - $B-P 5 CREVEBFHRE

fB-Spline&zifl 4 3 A & 1 -

6~ WEL (2005) #1M Subramanian (2001)e0 785w B 1% & ¢ » 32
B-Spline % Bt & % A 55 2003 % 11 A £ 2004 % 12 A % A R —E% 5
FAE d 85 o 8 RAET (1) RGP Ao B A% 5 S0P Bl 40 A A 3 5
TH AR I AL R BRGS0 (2) B ERIAR
STIRE EBOK A4 5 R B M AR A B B0 B AR 15T IR £ » MBS R B Y

RN RS E AN AR E T oA FRAGMBMES - Mk
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HERSEZ A F P IR N Y A S M B T3 T A EB AL - 3 H) A LA A
B EATIERE > TABBRAFHES: (3) 248 T EMEAASRE
MEAEAT LEAHRBMZMIAA S S SAGMAE LRFD EREH

FRERHH -

52



R=F FEHRR

g8 N FRERRSRHEELFTHRR

EHENFEEARRA) EHEABE PSR E N TEAY RS T LT
MmN EEARRGAETRERE -

A3t B TR RR P LA B o 4748 A Hull-White 45 2 44 2 5479
B F IR > BB ARKTH 30 RAMEEHEARZ CP (CP2) 4 A%y
AMEBRRBEAF1IASBEREAISF1IA 6B CP2ER P 4ol
o o BNBEAMNAAALTMNE (PRE) ERF - 42 HAETELR
BRPILAE (QRE) L FuERKMERNALMTHA QRERP AEKE A
(Volatility ) #8 ) &4 45 £ 4% A B £ 7% (The Method of Moments) & /&3t a i o o

LA AFREARKRGAETRAERVBREY KO FRETEEMETHEANE
g RiE FHRRABEBEF P AN LONBRALMEEAT IR 20K
BZAEHERXARBFERTAFABFIRLBEARLE - EHBMARBA+ T
F-AZBHRBAATEF AT =B £ZBXTEXIHFB - dRNEZHL
HARAMEEF THELRZZLFEAEAHEETH  AAREE LB R UK
BRAERFELRDRFORER AR ETAAN R SR EERTAR > Fi

THRARBERCHLAFOE -
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ot FHABRUABZHEBEIETHRR

RREEBRMAHNELARARAMNERLAAFRI0FRERHFHSGE
EBARAM AAFEEBREGHOE LA RE SRS £ L& P4 A RE
FREERBRG AT RERRGMEERIAM KRS » BbREM - HATEF 1982
£3A 1282200641 A 6 AMANN+XMHR CP2 A XA EHEAZ
TROABEAZHFHEGHEHRA 1200251 A 18 BE 2005 3 A 25 A HAMA
HEFR TR —BATR - BEH - EZEH - T58H - TEFHARR =T
FHMARBETHFHRBATRRBBRY - REPHZHHEHY - LF CP2 4
EHRRAEEBEHENBREHENG B MEEHEEY TE] Profile #y § ¥
S E AP RARE B A 3t B R R AR B A R ek B M ak+ = o

RHTHHERXHIARTEAS  THARRNAE L2 RBHEHR
FEEEXHAROXIHHEBRERZ (CP1) RBURXHERBOHERE » &
BALRER - FATHR AR H LHRE > AeballfEaFREH T
BRHELERE  RABTHRERSF  BAORANHELRE (CP2) Bk &
EXBLBEFERFHRY  RRBITREGERAERET AATHIHNE
o BARAMBEAZRZOGE QAT TEX AN L - B AR EFER

g&?ﬁi;%é!]%sk;ﬁ"&ﬁ %$%ﬁ’]:§=ﬁi%%ﬁ>ﬁﬂ%U$ °
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wWE HEFE

ML ABGHERAD LGB ELHRBSAEEAR BB T ARR T
SRETHEAY > T AEEHTHEAY (Standard Market Model) -2 EUES
(Short Rate) 4o & #]% (Forward Rate) A » 3 ¥4 1 £ 4 4 g8 A
AF £ - B b AH R ER Hull-White 3 4 A BAVRR P ey R - 38 3 74k
Fi Diebold and Li (2006)#) % 7% RELE A A R di g - KB AL AR (1) #AF
AONKR R SR R B e H] 0 DU AR RS FARIE S c R BRITEH
ALEERGARMRE  RRERBETZHEVELA —EAHRRIHARES -

Wil R %%éi@&r&@%ﬂiéﬁﬂ$*§ﬂ e aNERRAERREHAEE
REBEGHEMLEHE > BLRMBAFLEHH IR ELH AR GEHEH
B REBMRZEBEUSRERES =T RO BEAZHE 98 BERI R
2 » $4r 3k 443t Glosten, Jaganathan, and Runkle (1993)#u Zakoian (1994) ] &%
%ﬂz # P14 GARCH #% (Threshold GARCH Model ) » i %4 Bali (2000b)32 #

# AGARCH % ; R AF £ 898 BE A 5 > KA ARMA(p, )8 B R AR

¥

FUFZAETA REHHN LA BB S > KIERFHHEEMHSIE

pil

REGOKAT > EMAEFEZFH T8 T 2F T F N R HREEE

BA o A EHARBBTRABAERE -
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-t A FHASEBROHFLDY

=~ EAPRAGRR PR

(—) 2FEAaSEH#RS

& {56y /A 1544 (Fair Value of Liabilities) #9522 % —AIE ¥ & L6934 -
RATCHANHEERRARRD G REMHE A REOVE - BEHN AR
ey T RE A ERBEIHE —&ww i BibEiXEkBRMAEFME- B
AERANBHERAALBT I LAB L B{ERAL AFH L THME - BEBMAST IR
GRR RS Tl

4T HIRGAENEBRE AL SALHRTLAS REad) &
HHXCAHE AW SM (Cashflows) & HAE AN EFRBRER D - TR
HmABA At a4 (Replicating Portfolio) - M H a4ty FIEAIHE2L &
BN TE A &4 (Best Estimate)

B RN TEMEG KBS T FT LR G AN 4 1R 69 L F 1 A (Economic
Value of Liabilities) - ARAF @R R - BRAL AL A AFHULRARTSMAE B
A asBE=
ERAHBERAHARANGENEFH AL Ao NG EML

BUAEFXTUHEAL A FHEBERABN AL A S B - R bR
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HENEEHAGE T A NABHHBEET R HAE ALA Y a0 FEAXARE
EERERBHEN—BAFER HARRGSGREETAHHLAH & £FTANR
£ B LTH EIFF L%k (3 OTC Contract) -

BLEEN R TR AEAN T RELFRANE N abFEE- AL - £FTEA
A AR A - A ABEIO R 8 X M -

R R P 33§ % (Harrison and Kreps 1979; Harrison and Pliska
1%n’ﬁﬁﬁﬂﬁ%@ﬁxﬁii&mﬁﬁﬁeo LERBREEFARIHT
BHERH (oA E) RRTMAERR T LA TOHE  RESAS AL LM
T o

RARBELRNTIHEEMRS > MmAFLEEITHEE (o Mortality) - #
RARVEAHLAVAMEEAREZ NS H > BRIMEERS ¥ RAK -

FEL BATURHERGRBRARS B
1. T@fxey (Hedgeable) > A £ &M - HBAR - SERERE -

2. AR T#fx#y (Non-Hedgeable) » 4o Mortality &K -

HramARTTE@ROGEN > CHERASBETHRBR PP HERRE
o ¥R TR &I AT 0 RIE A A B R 468407 - sboh » RT3 EIEK

BRIERE Bl hBE EARRCKIBEEZATREEL - Aif > E# CDS -~

TRS ¥ AMTARB RALBRTHGFTL  FRARRGABCIERTF

57



(=) BB isiae:ER

EXBFF T BRI M ARG H EEAVGFEHN BB TAEIRA
BoBBRATARR T LRETHREY - TH AR E TR (Standard Market
Model) ~ 42 #3#] % (Short Rate) BiA!foig ##| £ (Forward Rate) BEiA - by XBKIR
o RIURA A M TR A B R RAR R A SR - H bk 8 sa
FERUAREOEY T ER—EFEHHEE -

A FERD P RBGEAUE
1. Vasicek ##! |
2. CIR ##
3. Ho-Lee #%!
4. Hull-White 4%
5. Black-Karasinski £ %!

Vasicek #4 fi2 CIR B4 B HAR - BEAT 2 HERA HA R IR &%
B R EBANFEF L LA & o Ho-Lee 4 ~ Hull-White £ % 2
Black-Karasinski #28 % & £ A A - 33 A AP A R 28 H 5 o A M Ho-Lee
ﬂﬂﬁaéiﬂ##ﬁrﬁzﬁ%éﬁ*ﬁm%’ Bt B AT DA AR LB R EH A
@ & ° Hull-White 42 4 #2 Black-Karasinski £ %! & ¥ ﬁ?éﬁ‘t%éﬁxﬁzé’nﬁi °
Black-Karasinski #£ %! & 90 -'GFK#IJ#B*;%%&L‘E  BACHREBEHNRAL  BFEH

B-AMEHETANESREAOAE/TANT S W MBS) ERZEELEA
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L e95a%E - sEH i B (Payoff) H X2 - @ B8 ¥ Sk H# % (Long
Rate ) 48 0f - #1 A %36+ %5 T & 4 Black-Karasinski #4945 A #| £ $ & - 12
EMA R EAHAARAORME YA GERA T4 TG M AT REIA
&b 4% X {044 (Approximation) °

B3 JA k&34 3% 7T 4o - Hull-White #315% R 1A 2 R a9 A - &R % » Hull-White
BUFIFRTE  CTRERNELAEHRE - F LB E 5 - Levin (2004) £ F
ey A L 3% Hull-White A TREZ A6 QA F > H A EH
3R 0 AR o Levin (2004)# % Hull-White #2 % #i Black-Karasinski #2 #! &4 48

EREL A BT A bR o

(=) Hull-White % ¢y E
J&F #4793 3% Hull-White #2 & gy 42 £ ©

Hull and White (1990) 2 & — A R e B A RTHA R L HR
R ERR & EEA B AR RITERR SO THER— B - R Y
AR r RAE

dr =[0(t)— ar)dt + o dz (70)
%
dr = a[@ —rldt+odz :
. (71)
Hy

dr # R eye 28 > r REGRAE > KBEHHF
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a:FRERGRE

O HEBHHBEIIREE

6(t) = F,(0,0)+aF(0,1)+ Ll (1-e™")
2a

QOFES Tt DRSS TS
FO, 1) : feuir r 210 A £ -

B A Efot) AX Rk —AR ] TASRH - AKX EArARBREAE
SR ¢ 4885 (Drift Term) % F,(0,6)+a[F(0,1)-r] » K& P34 MT » r BRAH
MEEMA RN BR AR E SRR RRBE -

4= Hull-White # % F » R 5 EH P ELKXE
P(t,T) = A(t,T)e” 2" (72)
¥R WNE W |

1=

B(t,T)= (739

—_ P(O’T) _L 27 ,~al _ _~at\2 ¢ 2at
lnA(t,T)—ln—P(O’t) +BETIFO,0) = =0 (€ =) (e 1) 76)

bR T AEAMFREE O KA R [(InPE D]/ (T) REBMAF r() HKRMER
oo

O(t) A sEARBL A fE SR A0 4] R 4 P 45 4% — ROy R B R > it O(t) P e i
FEThHTHEBGERME > B4R a RO QETHEMAER & TR A
43 > % Swaptions ¥ B SEBKREME > RO R EBRE -

ARREREAHNFOR LA RE N S HaRo AN BLEHRNRARTA
B (PRE) LB ERAEHOSHERIRARB Y LRE (QRIAE) L5 B
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bR PG ARy B E > LA NCREARBIGF AR - QRELP M EHLR
25 % T e 8 & (Volatility ) 48 ) » #1) B sb 45 M » A58 #] A 89 £ 7% (The Method
of Moments) R f&3tafio -

F AR BAT A4 r ¢ SDE 4038

r(t + A —r(f) ~ OO AL — ar(H)At + oJAIN(0,1) (75)

DR N AR R GRS - B
Var(r(t + At —r(D)) ~ o2At (76)

WA Var(r(t+A)—r())TAH A P RE F e B REH ¢

S =S =r) - Y (717)

n—1;

P AREP FeaBAE - @

o 1
Ar==3 (r,—r)==(r,-1) (78)
n = n

' B ot ey — AL A

Az_Sz/
6’ = NAt (79)

HRESF1ASBEREIS A1 A6 B CP2=+RMEMA LT R -
ALK % BAEEF0=04]

i d#a ZRMEE A Mo EEAEBRE T - Ss<t > Br(s) Bso -
& r #9 SDE > T 10345

t 2
r(t)~ N(e " r(s)+ Ie""("")e(u)du,—;—— (1-e*y) (80)
a

5

2

' PTEL 0 F s <<tBF o Var(r(t))z—;;a— v ER O Var(r) ) — BB EASEEH A

S =——3 ;-7 (81)

n—kix
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_ 1 ¢ ‘
b bﬂznﬁo«k’%éﬁﬂ%ﬂ’ﬁﬁa%%ﬁﬁ%
h—= i=k
A2
~ (o)
= 82
a 25? (82)

KREBRSIHE1ASBEEREISHE1A688CP2 =+XRAsapHEETHP >
HAIER k&3 2001/172 BA%(B TRo<<k)  A|A Lk F %k > HMEEHa=007 -

Hull-White42 & g4 48 8% » 5745 B Euler {405 & & (Glasserman 2004) - 124t

k4 &k Btz £ (Discretization Error) o #4& &4 7 7% % % A Hull-White#2 & &

SHAFI R B RS ROEE - AN RO ERA S BT - A BBNREF S

Al (Glasserman 2004) #109F o

= HEMFREARRSG AT ARMEY

BIEEBEFSRAATwE—AZBRRBAATEZFNA+ =84

BRRBHRALAFNESHGOERETH  AEHBERATREHERARESE 2R

b CP2 94 % 8 AR &M » BanBMEMGTaRENOHE  AATUREE

CP2 Rk eFFI A R EM > ERZATH -

B¥ _EYTHEMLS X G 4 0 A Diebold and Li (2006)# 7 % R Bl

HAREA Rk 0 REAE AR (1) BE PR EEBEE e MH] > ALK

AR ASRRMES -
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(=) #FAHFHGmGERE

% % » $AH I %o 474 Diebold and Li (2006)64 224 F' > #47 & B 45 4 A
R RE BTENRBAGNERRBRASEBEEER P OMRBIAMERE
PMEHBEFERIBEHFEBAXBEARL - MBEE P EARBATWEE @
FEARAMLEEH SIS N FRESE BRAALSERBHMARAA T ™
$—AZa¥RAATEFNA-—FT=8 £2=ZBXHEAXH8 - REZTLEXS
RHFARZEBER  BRIETAEA R SR GEREETAT -

Faty P BT -
1. REEF—MERXHBARSRFRZIME > KA A Nelson-Siegel i A fe.if

— A dh & o (45 2 B 09 R > 342 69 Nelson-Siegel # 4 % 3% A & Diebold

and Li (2006) E M ZHF& 4R  ZEYP TR T4 TF ¢

o AT —At
Y (T)=:Bu +ﬂ2:(1 /,Le ] ﬂsr(l 2 _e-l'rj ° (83)
tT T

1

BA BN EE ST A ARG B BRI — A T B A+ asH
ﬁ ’ (ﬁl’ﬂAZ’ﬁb’i) °
2. BRI AEAEHAL RIS S TR AR £ B A AT B 6 B R SRR

ﬁ o

'sk %X Hong, Li, and Zhao(2004)% R4 # §454F Xk Sy A B A (Fat Tail) 45 eh ] RBLA 4 &
HEHREREZFE JBRARES > L RAMAMI Y » GARCH M 2 & TH SRR A4 XA
BERERHBEED » BREHILARAE (Jumps) MARZ THHESRREFT R A HHRA
B 2Z B8N EREARTHERGHEHE » 845 44 A Diebold and Li (2006)&#L %I R
RAMNRAHETAH EERAACEABYAARTROBHRUBRREH RGO RITH  FINFAH
RIFHBANFAAR) REZN-—SBRATH I RERBEIARY GRS EFELBRANRAR L
RAHFHER -
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3. REHSHABEG > ROVBEESERYETEASRRN  BFERT ST
DES &
(=) ®mESHEXR
R4l BEE—SBYAARZ AN TaL AT EO&EHTE - 85
SHGTHY O BER RRAART M To S2HHHHES ZREHIBE
BORE - fATIHEE 234% A TFRAMMAN G RBAEHBEZERELT
BIBER - /o9 EsHES AL A - T4 AH-0.0097 > &7 R EA EEF b
MERGS -T2 BAAHEFWRKLZIRESNRY - RETFHEAF AR ER
ERMEEAARE - RTAMARR A RA E A 5 R A & B (curvature)
BT o ik 0 A MRS R 3.924 2 4.042 Z Pk E)

% 4.1.Diebold and Li B F & 2 $fEsHE a4 lid 4e3t &

By B Bs A
F345% | 0.023438] -0.0097| -0.0319| 3.996374
2%/ | 0.000136] 0.000173] 0.001434| 0.001528
¥ A 0.02362| -0.00874| -0.02893| 4.004876
H#EE 0.002579| 0.00329| 0.027218| 0.028996
SR# | 6.65E-06] 1.08E-05| 0.000741| 0.000841
=R -0.90846| -0.85716| -1.09807| -0.57338
33 0.423542| -0.51183| -0.06328| -0.70828
%5, 8 0.009825| 0.012104| 0.11645| 0.117949
F/ME | 0.019353] -0.0168| -0.08618| 3.923945
EAMA | 0.029179] -0.0047| 0.030266| 4.041894
4o 8.437741| -3.49175| -11.4852| 1438.695
18 360 360 360 360
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AR LEABESAT FRUBM - LFMERAEHEARAE NG T
HH - ENERFEEARBESRARRMM NG H BITA > BLRMHER

5 B BAAHEARRF T RENE 4.1 -

4.08
| 4.04
betal A r+
./ L LA [ 4.00
bA o
-y 7 Lase
'04"--v_ ____ lambda ‘ n | 302
N e
.00 beta3 [ i ey A )
i e
-.04. IL beta2 "
:I ..Av'-: l\ ~N JVJ\‘VVN
08 ‘w,wu v
-12

50 100 150 200 250 300 350

B 4.1 8 % #4535 E 69 55 B 5 )

B EE T ffo A AR ERE  AMAAETFHET LRISES L&
Al aaY > B AL R A AENRE - st > Jfo J AIBUR R
A% A AR A NS R T RS RoATEREREMART
MRS GARRE SR MES E o S5 S B R SIS P AR

T HRET R A REFEFFIBA — Al RE -

(=) mALRTFSHHEA

65



B R E wE S B A A SRR A 7 R (stationary ) &3
WEPEIESH LR - RECMG B RAAMARER : 7508 Bk
BEAN 098 MBZREBRTHRGMEY L TERES A EGRRAF 7]
THRAFERY BMGFEBEELE LI L EREMAG P8 RAMGHR
Ko o B, Re4 % » 128K 094 AL KE > MBS ZRHER THEHEE
FrERBELEELTEAFRAF LA TRERIEE LY - i&ﬁ’i‘iﬁﬂth » H AR R o
BHITERRE » AR ~ B, ~ b i HEEEEHMAT - KIF1A ADF £
B BATHR EOSREARAF SO REANGHES AL RMBRTH
BT ADF REAFABHVILHBZRETREELGEERGE RIB% -

LAERTESHAEEARAF ERGFMAF I RME— SR EMZH
%ﬁ%%%ﬂﬂ%éﬁﬁfﬁé'& o Johansen (1988) £ £ A E A BN Z BB EKET
WAL B~ By~ B iz G ELESHG > HAZEMATRER ALK
SR ERKE LA ELSEF A 000646+ 3, +1.09615,,_, —0.049065; ,_, —0.001984,_, ° 4R
HEMER > B — $ AR £ 5 E#A (error correction model ) #24% 4, ~ 5, ~

By iz B A G ML > B d SICREMAR G RARAN T :
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A | |-1.62x107° | [-0.19326

AB,, 2.40%x107° 0.14615

T = + —0.00646+ 3, ,_, +1.09618, ,_, —0.049068,,_, —0.001981, _
Ay, 0.00031 5.62133 [ Pri B B4 , 1]
A4, ~0.00021 1.31697

—0.29827 -0.03085 -0.00400 -0.;00090{ AB,,_, &1y

N 028252  0.02975  0.00343  0.00102 | AB,,, N £y
—-0.98437 -2.71198 -0.06332 0.05665 | AB;, £3,
3.74025  0.43656 0.33993 -0.10878 | A4, - E4y

Aﬂi,t = .Bi,t —Bi304 =4, -4,

&y 0|l 1.61x1077 -1.52x107 -243x107% -3.11x1077

& 0l - =7 =7 ~6 ~7

240 2 w(°] 1.52x10_6 1.53><1o_6 2.15x10~5 2.50><10_5 (84)
&4 . ||0f|-2.43x10 2.15x10 6.45x10 1.06x10

£4y 0][-3.11x107 2.50x1077  1.06x107°  3.46x1073

(w) EpeSLRaHaden

ATRAEVGA NN RIS H LB AT BAR RS RARIED
B34 - B R R AR Y %.—-@J RZERBREE RES=aMRREMMEH
—EBREGERLY  RALENRA —HOSHHE > AHRESERABAARA
Nelson-Siegel A £ & —AA Rt -2 B AWAR =B E—HREML £F
A RITHRANAR REXFRE S _HUBEHNETHRRBER - &
FMEARHATTRAN TR —HB KA —ERAEAL - ATHE 42 -8 43
#E 44 ZAEREABARALRGAE - B XN THERASHAH R HRRE > #hEH
HEHRENTRAAAZHRAMEZRE IH L (concave) K > R

AN R AP LBRAH R RS > MERAMERFEFL2%EL - EBM

o}

YA - IHFHEASFRRS  SBEE -2 AMLTRTAHYY

BRIV URELE-BHREANGANRBRUBRERMAESBRARBRES

5 -
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Yield Curves

Yield Curves

4.2 Diebold and Li # 7 4 # A& sh 34 & th S ARIE T BEBLAME 2t

Yietd Curves

Yield Curves

B 4.3.Diebold and Li 4% %) &4 4% A sh 7 A R dh 43 FA R LT SR 2 th 8

Forecosted ond Estimoted Yield Curves Bosed on Diebald—Li Model

Forecasted and Estimated Yield Curves Based on Diebold—Li Model

°
8
& Y T T T T T T T ~T Las T
g
a ©
3 2
>
] S
af
° ©
- 2
LI 23
al 2
of { 3
& 4 o 5
el 38
ol i > o
cl:
N ~
ol N
2l =
2 5
3t °r
gl <
3 s . 2
2o 2 4 6 [ 10 12 14 16 18 20 2o 2 4 5 [ 10 12 14 16 18 20
Maturity Moturity
Forecasted ond Estimoted Yield Curves Bosed on Diebold—Li Model Forecasted and Estimoted Yield Curves Based on Diebold—Li Model
° -
2 b
S . - g - - . y
S S
(=]
8
8
3
a o -
3 o
o .
3 g
5 H
4 5
o
-] hed
5 =
3 5
°
o
IS
a
o =
8 o
@ . N . . A L N . 2 . . . L . . “ L
20 2 4 3 8 w0 12 14 16 18 20 so 2 4 6 8 0 12 14 16 18 20
Maturity Maturity

Forecosted ond Estimoted Yield Curves Based on Diebold—Li Model

Forecasted and Estimated Yield Curves Based on Dieboid—Li Model

0.026
4

0.024

0.022

©0.020

Yield Curves

0.018 0.019 0.020 0.021 0.022 0.023 0.024 0.025

o

a 9

5]

e

H . N " " ; s

s0 2 4 3 8 10 12 14 16 18 20 o 2 4 5 8 10 12 14 16 8 20
Maturity Moturity

Forecosted ond Estimated Yield Curves Bosed on Diebold—Li Model

Forecosted ond Estimoted Yield Curves Bosed on Diebold—Li Model

© ©
& &
1 T S T
S =3
& .
3 & -
ol c
S|«
o
b
o~ >
»
g 1 §&°
S )
]
Q v S|
& > :
S 1 3
=1 > e
5 i
=1 I
o|: :
b= & 1 AN
o sl
°
© <
b " n s s s n s N s . " " " L " n " n
S0 2 4 L 8 0 12 14 16 18 20 o0 2 4 L 8 10 12 14 16 18 20
Maturity Maturity

68



Forecasted ond Estimaoted Yield Curves Based on Diebold—Li Model Forecasted ond Estimoted Yield Curves Bosed on Diebold—Li Model
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B 4.4.Diebold and Li # A 44 R AA) R G FHARERTRBRRAEZ i

F—t BAREAEBRENAGH EHY
AREEARRAMNEFRAIARFAAEHRLOARRI0FRERFHGE
AEBRM AT RBEWANOFF T HMEE  BETEM E—HAEmesE
AR MEEH > IR 198243 A 12822006 41 A 6 AMMAH=+X
MBS CR2 A FBARHEBE=Z T RABERARA R LML 2002 F1 A 18
BE200543 A2 BHMAHEZFR - A+R-—EBATR -BEH-ZFH
T8 T EFHUR =T FHHRETFHEBTHEBERA - KEHHE

B B -
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— ~ BR e RE

SBHTHEARGEEZRIW%  BAATKEABEIREZAHNS =+

RPBEAZHNRAGBBEY - BRAMNZHHER AR ERANLOHEH

H-BRREBPBEYUER RSO EZRAR AN RMERERNH R RRFHAHF

ZRHVEAMMER BLAL R4 HERFAREAAFAAHEEY > XB

VI E T ET A -

R4 200241 A 18 BE200543 A 25 sk I=+R - A+Xk-—8

ATRBEHBFH T FH - TEFHRR T FHHRBTIGHFEER

o BB AR ABESR T

FA2.E KA R ehiB A BER

30K 90X 180% 2449 SH$-49 10489 1548 20458
30K 1.000000 0.969606 0.969567 0.891817 0.739850 0.681203 0.728714 0.792215

90X 0.969606 1.000000 0.998725 0.942800 0.801662 0.734596 0.778006 0.827153
180X | 0.969567 0.998725 1.000000 0.940678 0.793074 0.722124 0.766324 0.820698
24871 | 0.891817 0.942800 0.940678 1.000000 0.920463 0.850208 0.882048 0.905452
S5H#7 | 0739850 0.801662 0.793074 0.920463 1.000000 0.971621 0.978013 0.954069
10589 | 0.681203 0.734596 0.722124 0.850208 0.971621 1.000000 0.988795 0.943203

15437 | 0.728714 0.778006 0.766324 0.882048 0.978013 0.988795 1.000000 0.970136
205-#7  0.792215 0.827153 0.820698 0.905452 0.954069 0.943203 0.970136 1.000000

BRA2 TR Z+ R A+RH - —BATRABERAENEZAREN

MEARZ FGANMES > A2 0968 KE - Altey =+ R8I - AT X

F—EBNTREBEAZHERZ F U LB K FHAA F 2 M eh4e AR LRK
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T REAFRBAOISLL - FAHA  RFERAEREEHAEZMELE
Mt > E R R R A R LA SO B - RIESERE - RIREH
5 AL A WAL S BB — R B RIS A
L LS L2 LIES LU

BT L6 BB 2 b R E e A R R EA S RN
BB » k7% Bk R BB R =+ R IR E AR AR M A SR A A R

o REAF] F oy BLBRAE
—~mlpEER

(=) FRaHuyp

LAAMXBREAFSMNERRAEHETHGOBRE LI REZHAXFEL
# Chan, Karolyi, Longstaff, and Sanders (1992) - Brenner, Harjes, and Kroner
(1996) ~ Pagan, Hall, and Martin (1996) ~ Bali (1999) ~ Bali (2000a) - Bali (2000b) -
Yan (2001) ~ Ch;pman and Pearson (2001) ~ Hong, L1i, and Zhao (2004) ~ Christiansen
(2005)% - & BTt BR L FI L EXHRBA G F ML - BRIVATAT RE3
Brenner, Harjes, and Kroner [BHK] (1996) Ff7 i 3% ¢ TVP-LEVELS #i & st
AsymTVP ##! » B 8F 445 3+ Bali (2000b)A74% i #9 AGARéH Fu QGARCH #£#! -

BHK & TVP-LEVELS ## 4o F & :
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ro—r =+ fr e, (85)
Ble i )=0, Ele2f1,)=02=92r7, (86)
¢ =ay +ael, +bel,. 87)
(85)&%%5&#&#&#4%5*&%%%&&  BAERTEHOHNEREHRETLE
AR KREGPE > — K0T HEGTRELMSE > FEPs>0 - BOX AR
WENEOBRG XA E o OHETH - CASRENS > O RASH
ARBGETRXLBA—AAEXREHLE P XBR LM THRERKR S MG E
LB EAEGY > FEy>0 K& CNRAEAFTKGXNAGHENSEZR
GARCH(1,1)& %y 647 & - AsymTVP #4182 TVP-LEVELS R 2 ey £ & R
S XL S E 8 BB AT B - AsymTVP BMAMB R A R4 X ESETAHA TRk
-
¢} =a, +agl, +ant, +bg2,, 1, =min(g,_,0). (88)
Fa,>08 > B)XRANFAMA RN A RFLHMNERGHEOHEREILE
@ EREK -
ZHROEBEAZHFOEREANMA A 1982F3 1282200651 A 6
B> #£F RUBA=+RABFERZHRNTGH £ 4BBRAME - £7:5:8 BHK
P 34t 8 GAUSS #2 X, % %1463+ TVP-LEVELS # %! 1 AsymTVP # %! » {2 % 4818

TRFF AL 5B mEESL  RIMVERBERRBICBREET B UK
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R EBIEAN AL S BN ENBER B EHB S S HAES S
HEREAKRE AR RGEARKEEHEBRY 3 -

i ¥ #4F 4531 Bali (2000b)3% 3 # AGARCH £ QGARCH ##! -

AGARCH # & T £ R4 F !
r =1y =latg +ayr gt vas fr e rl e, (89)

&, =+/hz, and z, ~ N(0,)), (90)

b, =By +Biley +1) + Bohy . 91)

st Xk S E 8 4T A% &@ > AGARCH # % #2 AsymTVP £ 4 43 & FafsL »
CHABRRERHAPERHSHNEEAGENBERERR R LATHAY
WL ERIGFR > FE >0 - 12H(85)F(89)d X, T4 » AGARCH # A ¢4
A KBRS BB A SpR L AsymTVP BRI R1F443F % - AGARCH # AR 3%
B RO R F XA MA KRR A —PHFKREGTFFTUAREHE =18
BAMEE Bt AGARCH B A A B A R KRBT —Eia B ER
MR - 24 Bali 9N BERT o> RALa; >0,a,<0,a;>0 °
QGARCH # A #H4] % K B & B A 69835 2 AGARCH # A A8 ) » REH
Ry £ RAE RN RIESHIER - QGARCH A 454 Xk B B A 4o F K -
h, = By +Piel + Bahy + 761, (92)

HOD)XTho Er>08 AMARKENERALHANELADRAVERLA

2 AR RATT S BB B /LiRE YA A 4 6 Hessian 4840 Scores 4 M R 3 H 4 £ #4535
BAHRER EENSHBBHESIMARHI M THREEBESH LGN  w Lt HB2¥H -
HHHE S A B EREE -
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BHERFKR RZIFKR - &d AITH#F o) GAUSS £ X {63t AGARCH &
QGARCH ##8% » i ®@Es 7453t BHK Al sfayfa B B8 - 5 2 » Rififb@
R TIRA A R ARBRRAH EE S A ENRER PRETRF S an
BENABERACEAME  ANEBARERMREAER AT AELH

AGARCH # QGARCH ##! -

(=) RAEERGEY
LGB ERERBAMENS T BN RO T -5 L
HEBEBEAAHRNEHXROBRUABRT EEHFAORRA I REL  RIVALE
45t ds Glosten, Jaganathan, and Runkle (1993)#v Zakoian (1994) F) # 42 i # F14g:
GARCH #£#! ( Threshold GARCH Model ) - f£ 4 # AGARCH # % ¢y (89) Xt

P4 GARCH Bt R4 » RAIARZAEST T HIER -

=4 =(a0 +arn +az"rz—1 +ay/r )"'5: > (93)
& =+/hz, and z, ~ N(0,}), (94)
0:2 =Py +131012—1 +ﬂ25:2—1 +ﬂ3512—11:1 +Baras 95)

EdEe <08 I/ =15 FR > [;=0 - wRBAFTERARNENE » XF75H
MAEH RN LHANERAGESYELEGE LK - b HeL (95) X

PRATAH — A EKEHEGEOBE > BEL >0 -

M XL AERHERG AR AR KRB I RELMG BT EA A RAE
BEH — Mt T MO EAHECERS XRTOBVEERA ey ARG T ye

74



R+ XBERAZHF DR BTEY AL > KIPTE4F 6 P18 GARCH

FERiD
ro—r_ =—0.16335" +0.04973"" r,_, —0.0048™" r2, +0.15000"" +&; £ |Q,_,~ N(o, 0',2)
(-2.798) (3.055) (-3.598) (.711) "t 1
o} =-0.00042""+0.89694"" 52, +0.17431™" g2, -0.14489™" £2,1,, +0. 00035 , (96)
(-6.297) (173.210) (13.391) (-9.256) 6.795)

BWOO)X The > FIRAEHREHZHA Bali srERG ST e > @ B1hE
FENRRCF SRS - R L RS HEESXHN—HAERENHED

BE ELYERECRENESASARE TR - ZREAGHEHEA T & > &9
THRP =-0145<0 » TR A RFELHANRAGEOVERLINERE LY - K
TXRITAERAFATHANTOHALGT  HEYAHERLOREGLES
AR RFK o Kk > RAIVEIR B, =0.0004>0 > FREPAT—HAGFI RAEMG > T

— AR REG XA ELEAS > SELRRMXBRADE -

(=) BIRBERER
1&3t 7w P4 GARCH #4144 > M7 7 — B EBE SR T - ZMAER

EBHYZEGHIKET Engle d RO 43t T RAEBREAFRLE ARCH

R RN AHROMHAIRIH FR - 55 FMORAREEFEEEIN 055560048 -
Boh —EMARALROMEFREL - ATHMRYBHRAAARZITHBALALR » HITAE
B 0L |- BIAEEROBRRER TV ERYOBRES) > dRRAFABURA > EH
B3R ST BA A 3L o
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WH A ERBR A TEERYGEEENEBLTR - RMCHE THRFEEDE

HHRANTRRAE  BRIALE43. - BEZETHER  HRERHELRXIRK

F(clustering) 8938, % - EHREHEEA () F- B8FH (R) A E e 4F

"&ﬁ‘ﬁﬁ °

40

Forecast: CP30F

Actual: CP30

Forecast sample: 10 1253
included observations: 1244

Root Mean Squared Error  0.643365
Mean Absolute Error 0.379482
Mean Abs. Percent Error 5.768367
Theil tnequality Coefficient 0.049080
Bias Proportion 0.006746
Variance Proportion 0.017907
Covariance Proportion 0.975347

T T
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[ —_— ForecastofVan‘ancel

B 4.3.794% GARCH B A 54 X A S EAR AR RARE

B 4.4.0]8~F14% GARCH BAAH EAXEHANRARME - B +45 CP30F
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K&EREFIE GARCH #AUMEL B =T RBERZHNEKRESHRANTAR
B BERFARAMETT Ao ERGEHB/T MEEKEAXREIREHBRAE B S
HRERND T FAEGR LR FIBT P48 GARCH A B B A RIFe R EE AL

B THRBEMELEHF A ERA (benchmark model ) »

20

250 500 750 1000 1250

— CP30 —— CP30F

B 4.4. P4 GARCH A ey #| R K B AN FARIME
Z~mAAEEN

(—) B¥wzgy
FHREZFTREBEREMNR2EP 2% BMLBR BN RZHHETH

BEBRFRAOFERERERR - LBATHAAMEI L - RMAERBRE
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R R RFMOHNREARRBNEREGEE AROXE T RHF

HORFHNEFRETHEERGERPARA RS GAMME - Bk RIRZ LR

HERBEEMOHEMEL > AATEEOBAUBTHLENGETT T -
FABRFAHHE=ZFTRH AL+ R —BATRBUARRFIHA R HETE

B E o BRI ADF BRIQRE M 4% F > KMABREwBEHEYHFHFFELR

nu\'r

AHEARAME - bR AMEERE—FRTTLEHELMEFTAELE
4 A1k » Johansen £ ¥ AR EM L RAT EM - Bib > AT R A+ RIAH
Fr—BATRMAERBERHERZ+RPHEZIHEAHETA B A
RIBER R AHENH BREY MO ESFHASRIRELHR
%o

RAEARE R » RATART R ARMAQD.QBE R RIS ] £ 08 ITH -

ARIE2002 51 A188BE2005 43 A2 B REAH=FR - AT+R-—BAFT

RERFMARBTHHFBEMH > KMAMAEFORELT !

P —r® =0.992217" (12 - % )+ £2%;6% = ~0.282585 £2% +77%;7° ~ N(-0.003886,0.066381°)

(106.987) (-3.755)

7% 50 = 0.990719" (1% — 10 )+ £/%; 61 = —0.276359" £% +7/®; 1 ~ N(-0.00422,0.06753%)

(98.581) (-3.657)

72 =1 = 0.969508™ (72 — 1 )+ £2767 = ~0.195122" £2 + 7?2 ~ N(-0.007995,0.1002472 )

(54.40) (—2.466)

B ERT A+ RPAE=ZFRAGHERR —BA+RHH=
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TRUAHFI LA TEE S ARMA (1,1) #3 > MR FHR=+XEAGH LT

A ARMA (1,0) #8 R Bl o

(=) BIRAESRS

BN H BN REE TR EEHERAMRERTRLAN
B GEE e B &AM AR ARCH 454t - B AZ A HESL RPEEN
RE BRI FHEBERR TR E & RAAH M Ljung-Box AN EHLEBTNZE
HBEKETHES T RYVAMAE RN E SR - FIFF Engle 4 RO L E
FEBEHLY ARCH HHSE SRR -BAmT 2 LM =MAEARERTH
AEBAEGRE -

B 45 8 4658 470 2RBEBAHATRY - —BATRHURS
FMAEOBRNAAE - LB ARE L S ERAUETEHEE RTY
BB S - EEE R LI T RATRRA R S R a0 R 8 & 47

BWIES o
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3.2

04

— S2YR —— S2YRF

B 47 ®HFHH EAZHFE ARMA (0,1) #RHHE XN RARE

W~ RFEMAEBRY

(=) #wFemy
MABREFHARERGHERRY @ RAERRFH L5858
TEFHUR T RO RETHHNEERAERMT M AZEHNF 2 HbF

LEELELSWG  CALLESHHGHTEG —BREESCQERRT A EAH

2.06288+r2" —1.82650" 1’7 —6.02906"" r!%" +10.10843" r!5" —4.21200™" 207 o 4R B S R
(-2.324) (-5.092) (6.376) - (-5.133)

SHREHER  RPE—F I LA EHHR LS ERT (Error Correction

Model) » R&BHFRLEEELE DL T (BRBEZHGELZAHETHR):
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ArPr =0.45685" Ar +0.41748™ ArlSY —0.542617" Ar2Y" 4+ P,
(4.502) (3.943) (-6.679)

ArS¥ =0.20889" ArB 4+ £3,
(2.648)

Ar% =021981" Ar2 40297677 ARl + &1,
(2.195) (2.008)

Ar = —-0.03315" CV,_, +0.29598" Ar2 +0.234427 ArlSYT 4 1507
(-3.265) (3.691) (1.966)

ArO" =031854" Ar2 —0.26548" Ar23Y +£207,
(3.452) (-2.532)

CV,, =2. 06288+r2y’—182650 P2 ~6.02906"" ' +10.108437 157 —4.21200™ £ 207,

(-5.092) 6.376) (-5.133)
—é’,zy’ 1 0110.00503 0.00172 0.00135 0.00146 0.00189

,sy' 0([0.00172 0.00612 0.00510 0.00421 0.00361

‘10)" ~N|{0}10.00135 0.00510 0.00986 0.00581 0.00475

tlSyr 0]]0.00146 0.00421 0.00581 0.00632 0.00444
_5’20)" | 01/0.00189 0.00361 0.00475 0.00444 0.00838

BEREEEEDELEBTRER A RAMLEART R T CEMBAHENEHE

RS - é&ﬁ&ﬁ’)’?ﬁéﬁ*iﬁﬁ& W R R B HNE 4.8, c HERESH LR

Eg—MaguaHnayoR At g @3 £ R EN — IR E LK B

Bep AREGRZEREFR ML -wREFRMEE FHHELAEYH

TREZAE  MAACEHHCHHELERTELBRABRIRE -
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Response to Cholesky One 5.0, Innov ations.
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BREZAEREERST (TRAAFHL) EASHAGFHOHNEEEIRERE
FFBREHRRRE -FIEZHERTRER - § -5 EH4L AR ELY
EREE (TRRFHEL) AASHTEFMOHNE S IRNERAFRE
HRERE > MBFEH s BFRA T RO F R AELABRORE - 2R+
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o+ EMRGERHS -
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(=) HBEHOHBD

R EARAAEZBE T CRELRFHANF ARFHHNZD B LA
MERHE  ATRBEBEUNGR BN BRAKRBRAZHHFHHREHESIE
REARAT » EMEHEZFH - +FH - +E2F P T FHHNEHREMSE

B REAFOBEALT !

. 00 0 o T, _o.gg 3477"‘- 5

r . r

&> 0 0 0 025927" 0 Ary O oo 5
10yr .(1 728) ArlOyr 0.21619 10yr

Ar, _ w OV + a8 e P R L I Y L St

Al',l Syr 0?2]836%)42 = 00 0(%3 ;‘i ?3 0 A,.‘l_Slyr 0.(2798?7 - gll Syr

: : s 3.48
Ar2T 0 00 0 -026730" A5 | | 031974 Tt
L 2343 ] (3.490)

CV,, ==3.76238+r> +15.82547"" r/%" —33.96763"" r>”" +8.54844™" r207"

(6.022) (~6.538) (4.702)
> 0]]10.00612 0.00508 0.00420 0.00361
ol 0]10.00508 0.00978 0.00588 0.00475
o 0[] 0.00420 0.00588 0.00642 0.00443
2 0]]0.00361 0.00475 0.00443 0.00838

() BEYRAERS
BEREG IRV LBBTRLZAGRAMREORE AT ECLEHREY
FHEEEN RS RACRB T LEARES EEASEHERERE ST NE
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Response to Cholesky One S.D. Innovations
Response of S5YR to SSYR Response of S5YR to S10YR Response of SSYR to S1SYR Response of SSYR to S20YR
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—~BIRANBRAFRAYN

(=) sAA>PHEEGER Y ILEY

BAMERASLI R A2 A REHLEHE > wB 5.1.AF -

-} A BAT GRS

1 Month Irterest Rate | 0.8102

3 Morth Inferest Rete [ 0.2858

6 Month Interest Rate | 0.3845
1 Year Interest Rate | 1.1391

2 Year Interest Rate | 1.9962

3 Year Interest Rate { 23283 ]
5 Year Interest Rate | 2.5975 O HEERFE
10 Year Interest Rate (O ith=Exceltd

BERER
15 Yeer Interest Rate | 2.8658 &

20 Year Interest Rete | 2.8994

30 Year Interest Rate | 2.9328

i

B S.1 st EAFEAMRR T LEVERBAS ®
WA N P A - SRR X RS A A — N
AR 100 S RE P AR IR SO ES - B H R 88T - Excel # MU A
3D B -
X H S Bxcel H 4 B AARK ER RN FHIGE - BXFHBAAE » 5—
BB e H BB — AT worate8.txt" A BARF R ML BAEE > XFH

ME B S52A T AP E—FTRFH  BAEET 1045, meg—7REH
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RAFAFFHEA &4 -

£ mted5 .t - RHA

BRO KERE BAQ KA HA®

# Excel # & X M

Years 1-Honth 3-Honth
[} 9.8102% 0.2858%
1 0.10009% 0.1600%
2 0.55499% 0.1000%
3 0.63159% 0.1000%
4 0.50399% 0.10809%
S 9.9130% 8.31389%;
[ 0.43669 0.1360%
7 1.1380% 0.5059%
8 0.45299% 0.2853%
9 0.1600%5 0.1080%

10 0.23749; 0.10080%
11 9.52259% 0.10009%
12 0.96669¢ 0.2631%
13 2.1817% 1.6612%
% 1.7976% 2.2557%
15 1.6700% 2.1641%
16 2.4926% 2.6280%
17 2.9869% 3.5040%
18 3.7556% 4.71829%
19 6.8702% 6.3210%
20 5.9563% 8.1205%
21 5.6380% 8.8019%
22 5.8276% 8.90086%
23 5.2701% B.34599¢
2y 5.8630% 7.7786%
25 5.3560% 7.8057%
26 6.2346% 8.7u819%
27 6.8991% 16.0172%
28 7.2564% 10.92419%
29 6.7650% 10.8527%
30 7.1678% 10.85049%
31 7.5739% 11.3016%
32 8.2563% 12.26179%
33 8.8957% 13.3838%
35 10.9598% 15.66789%
35 12.6963% 18.6173%
36 14.5877% 21.7273%

6-Honth

8.38459%
©.1000%
0.100809¢
0.1000%
0.12349%
0.39869%
0.28869%
0.58249;
0.4619%
0.1000%
0.10009%
0.10009%
0.3201%
1.74209%
2.5219%
2.5026%
2.8453%
3.7397%
5.0258%
6.68109%
8.5588%
9.4308%
9.588494
9.0098%
8.4205%
8.3722%
9.2681%
10.58789%;
11.58549§
11.6165%
11.58209%
11.9499%
12.93689%
14.6771%
16.30749%
19.2077%
22.3880%

1-Year

1.1391%
9.u6589¢
0.68949¢
0.7702%
0.8689%;
1.18140
0.91849¢
1.5089%
1.0810%
0.38309%
0.41849;
0.5600%
1.1693%
2.3632%
2.6012%
2.6916%
3.1531%
3.6965%
4.690u%
5.9565%
7.2931%
7.59309%
7.9302%
7.9151%
7.0283%
7.0779%
7.84259%
8.6834%
9.3310%
9.1693%
9.4382%;
9.6223%
10.3811%
11.148639%
13.0743%
14.86089¢
17.11439%

2-Year

.9962%
-1880%
.9693%
.7597%
.7089%
.0957%
.59u9%
.3681%
55549
.2512%

.79079%
-1569%
.0619%
56169
7u50%
40839
$275%
1397%
.9311%
608094
17809
67269
.6372%
.0934%
.2952%
.9371%
.2220%
.4297%
.0056%
.60619%
65009
.1503%
-8772%
11459
.75869%
10.99629%

CONNDODOOCOOVMVUVVUV VUV T FWLNNWN oo d Nk N od b oo

.8398% -

DNNOVVVNEFVVVE S EFFPPUWWONNWNRNNAOSANSNNNNSN

3-Year

-3293%
46579
5726%
.1459%
.6351%
-45239%
.8553%
.7426%
.7657%
58609
39619
.21M16%
.5413%
-33229%
53949
.7555%

50199
45599
9181%
5255%
m789%
2359%
7861%
14539
3312%
5921%
1908%
2642%
30209
7759%

.5020%

19639

.89819%
.086279
.59039%
.81569%
67439

OO P PW S S PP UWEFWETWWBONNWUNNNSSONNNRNN N

5-Year

.59759%
68939
87849
45709
.29789%
.73989%
.0650%
05139
.9358%§
85569
885894
.65909%
85009
54999
.5213%
76549
S7711%
-3981%
.73949%
.1989%
8157%
47789
.0725%
-u274%
7175%
.8267%
.5901%
49359
-3946%
.7867%
.6135%
.5683%
89699
.92529%
.36u8%
.2506%
.80939%

10-Year

2.79889%
1.8570%
3.1827%
2.6903%
2.4948%
2.9551%
2.2222%
3.2707%
2.06339%
2.0578%
3.1813%
2.9496%
3.0832%
3.7131%
2.5078%
2.7y
3.6335%
3.3547%
3.60549¢
3.9539%
5.0168%
2.90692%
3.5372%
2.8890%
3.2572%
3.60626%
4.1395%
3.9155%
3.7140%
3.0448%
3.9471%
3.8722%
4.13549%
5.07199%
S.uu56%
5.0837%
5.41049%

-

15-Year

2.8658%
1.91299%
3.284u2%
2.7681%
2.5665%
3.0270%
2.2747%
3.3561%
2.1059%
2.1252%
3.2938%
3.0u65%
3.16069%
3.72675%
2.5032%
2.7733%
3.6523%
3.34029%
3.56089%
3.8722%
3.8838%
2.7196%
3.3588%
2.7095%
3.1837%
3.4613%
3.9893%
3.7228%
3.4872%
2.7978%
3.7249%
3.6402%
3.8836%
3.7875%
5.1393%
4.6934%
5.9u819

HEAFRESRRFIBEXFHEALED

—2
o

s F— B R ) 6928 & —18 sheet » ko"sheet8" & £ N\

RAVEA M 3L » M — sheet 4w B 5.3.477F » EEFTHHMAKRERER

X FHEEXRAME 3D BRH LB 54 X R A MMM BE4AHF -

Y shBMBR Y - Z MAFIE - Bl B(%) -

838




R 1Y

(VR A BA-F9-~-185-8T

) SXD GO SAD WAD 820 IAD RHQ MSM BAD AowIi®
PI0% - @

ANS RSN

i WS s SIB I UIEBEEAS %0 BRAEEID D4 -

i we mey | R XER RRER AR gewn | B Gaex Gevs Gawa 00
B2 |~ 3
A .oB 1l c 1. b E F 1.6 | H 1 bk |t M I
1_{Years ‘|-Month ‘3-Month 6-Month :1-Year 2-Year 3-Year :S5-Year . 10-Year 15-Year 20-Year :30-Year I
2 ; : : ‘ !
3 0 08L: 029 038 114: 200 233 260 280 2875 2% 293 U
4L 0491 000~ 010 082 163 195 220 239 246, 249 252 |
5 2 1631 081 094 1.75 2710 308 338 361 369 3R 376
6 3 302 281 285 307, 352 366 3m 385. 388 389 390 ;
7 4 3620 452 477 4.37 377,353 334 3200 3151 312 3.10 L
18, . .3 435 S8 628 533: 446 404 369 3447 3350 331 327 I
S 6 421 631 6.82 5.74 423 363 3.16 280 268 262 2.56 i
10 7 {613 667 570 430 374 329 296 285! 279 273 I
ney 8 522 5.76 : . 303 261 2.30 219: 214 209 i
12 366 4.19 2.58 232 212 205 202 198 :
13 190 2.32 2.19 2.14 2.10 209 208 208 i
14 0.78 101 23 253 266 270 272 274 i
1151 023 037 216 241: 259 265 268 271 -
16 0.40 0.50 251 279 29 306, 310 313
17 1.75 1.7 345 368 385 391, 394 397
18 394 406 402 401 4.00 399 39 399
19 6.03 6.35 4.19 387 363 355 351 347
120 5. 826 867 32 4720 434 4210 415 408
21 950 1004 457 379 320 300° 290 281
|22 19 i 767. 1096 1155: _953: 6%  591i 509; 448: 428 418! = 407 _
23 20 H Q.70 1251 1A.DO. 1128 R.1.1 ARG S8R s1 AR A7 ARl ki
0 < v o\ Sheetl £ Sheetd { Sheers {sheetd £ sheets { sheet { sheet? \ sheetB ( sheet9 {sheet10 / 183 —— : 2l
ox: ] NUM

53. 3t HAPEAER P LA Excel ML E @

BUHE B GF) 00 .. e

LY

.

.

.

.
e

’

'

Fi=z(%)

Me3R

Tl (%)

B E) 0

BEHERER) o

0

B RIRIR )

89



(=) HAX2TFRARBRGATRERRD
BAUMERAGSHARBBRAOFIERBEREHNHEA30 X900 X180 X »

360 RRALER > B S5 AN 30 RAH| -

) HBATHERRMATRNTEY

R {___30_*”_ X
BYEXTR
HiLZEExcelfd
oy

BS5S tEAPRERRGATAELRIEZARAAES

A 1000 R 30 Rik - AR B4 KB HBBSE KM E 4 1000 45
ARRETAR I BAMNRMMEBONR  cEB3MEA -6EA -1 FHE
BRI RERSBBREEER LA TR - B 02X FH -
Excel #A & 3D B# - it X R F 2 FRAGER P XD XG0 H
WA EREGE  BAMRA— X &HEHEA 8 AFEM(E 5.6.)(8 5.7.)(E

58) A BABBBERERHETUAAHRL -

90



P ratel0.bd - RFA

BRO K/¥E #B10Q wA@ BHEE

Days 1-Month 3-Month 6-Honth 1-Year 2-vear 3-Year 5-Year 1@-Year 15-Year Pt
[ 0.8102% 0.28589% 0.3845% 1.13919% 1.9962% 2.3293% 2.5975% 2.7988% 2.8658%
1 0.4794% 0.2053% 6.34609%; 0.9232% 1.5426% 1.7809% 1.9728% 2.1168% 2.1648%
2 0.70189%§ 0.0872% 0.1683% 0.9605% 1.8893% 2.2518% 2.54399% 2.7630% 2.83619%
3 2.1268% 1.3755% 1.3u39% 2.0623% 2.9517% 3.2867% 3.5647% 3.7732% 3.8427%
5 4.3645% 4.31269% 4.3176% 4.3811% 4.4538% 4.4820% 5.50479 5.5217% 4.5274%
H 5.4739% 7.13469% 7.4089% 6.30663% 4.88639% 5.33129% 3.884493 3.54929% 3.4375%
] 7.3022% 9.94599% 10.3996% 8.6952% 6.4975% 5.6399% 4.9496% 4.4319% 4.2593%
7 8.0834% 11.9551% 12.5232% 9.90989%; 6.6577% 5.40049% 4.38919% 3.6306% 3.3778% .
8 8.3761% 12.90819% 13.6259% 10.6723% 6.9621% 5.5262% 4.3713% 3.5051% 3.2163% ]
9 7.5173% 12.4502% 13.2735% 10.16479% 6.2841% 5.7281% 3.5088% 2.5943% 2.2895% X
10 7.1810% 11.56599% 12.3325% 9.7587% 6.4641% 5.0972% 4.0456% 3.2569% 2.9939%
1 7.0526% 10.9315% 11.6391% 9.2753% 6.2279% 5.0433% 4.0902% 3.3753% 3.1370%
12 5.69749% 9.6452% 10.40649 8.07849% 5.0436% 3.8620% 2.911495 2.1983% 1.9606%
13 5.00169% 8.1731% 8.9225% 7.2719% 4.9786% 4.07u4% 3.3u62% 2.8600% 2.6179%
1 4.9417% 7.3702% 7.93949% 6.6586% 4.87949% 4.1772% 3.6117% 3.1875% 3.0461%
15 5.49739 7.68439% 8.1516% 6.9085% 5.2257% 5.5636% 4.03049% 3.6305% 3.49729%
16 5.5303% 8.2u82% 8.7915% 7.1942% 5.0773% 5.2485% 3.58149 3.0810% 2.91429% !
17 6.93229% 9.6215% 10.14609% 8.52969% 6.3920% 5.5545% 4.8803% 4.37469% 5.2060% !
18 7.0681% 10.65439% 11.23249; 8.9049% 5.96799% 4.8297% 3.9142% 3.2275% 2.9986% I
19 7.5900% 11.45469% 12.14899% 9.7572% 6.6726% 5.47219% 4.5062% 3.7817% 3.5001% '
20 8.5864% 12.64849% 13.29509% 10.649493 7.3207% 4.0318%5 4.9951% 5.2175% 3.9583%
21 9.50679 14.0233% 14683495 11.56849 7.7263% 6.2u549 5.054694 4.1615% 3.8638%4
22 10.3090% 15.5106% 16.21679% 12.65959% 8.3130% 6.6u179% 5.29819% 5.29049% 3.954495
23 10.99249 16.8125% 17.55879% 13.52819% 8.6532% 6.7839% 5.2813% 45.15439% 3.7787%
24 10.73859% 17.14399% 17.9837% 13.60039% 8.2988% 6.26749% 4.63u69% 3.4180% 3.0018% 1
25 10.28759% 16.6229% 17.53549¢ 13.3065% 8.13299% 6.1465% = 5.549794 3.35209% 2.9528% 1
26 9.0421% 15.16859% 16.1167% 12.1648% 7.2669% 5.3812% 3.8652% 2.7281% 2.3491%
27 8.0799% 13.38479% 14.32469 11.0632% 6.8955% 5.2793% 3.9792% 3.6040% 2.6790%
28 7.2969% 11.86219% 12.7033% 9.92899% 6.3405% 1.9542% 3.8208% 2.9782% 2.6973%
29 6.1352% 10.2433% 11.05989% 8.659595 S.49559% 5.2596% 3.26519% 2.5191% 2.2705% !
30 5.0032% 8.4644%% 9.2547% 7.4009% 4.8532% 3.8502% 3.0425% 2.4367% 2.2348% :
31 3.98899% &6.65519 7.3499% 6.05869% 4.1910% 3.4542% 2.8666%; 2.41559% 2.26699% :
32 3.31u49 5.19619% 5.7501% 5.9615% 3.7462% 3.2589% 2.8660% 2.5713% 2.4730%
33 2.8585% 4.22919% 4.68429% 5.2119% 3.5185% 3.09789% 2.838489 2.644819% 2.5793%
34 3.2730% B_23129% 4.5780% 4.36855% 3.8037% 3.59879% 3.43349% 3.30949% 3.2680%
3s 347189 4.6428% 5.9917% 5.5131% 3.7721% 3.4752% 3.2360% 3.056494 2.99669%
36 3.2091% 5.68279% 5.1146% 4.4969% 3.5486% 3.1689% 2.8628% 2.6332% 2.5566%
B
k3

B 56 EAPFHERROATAERYXTHAELESD

B3 Microsoft Excel - rate,xds
) X KEE WRO @BAD #AQ IRD HAQ HATE® NAG@ AddwPFE AR FEY

NSHADSBRITHIZLA-F9-~- 1B -HHUIBS0 - GR2030aD 0
ke s3 B T UEBHBIS % B AIEEIE-O-A-H
3 A=) E
B2 [ A
a_ | B | ¢ D F G H 1 1| X L M| I~

| lpays . ‘L-Month _i3-Month 1-Year i2-Year i3-Year i5-Year 10-Year :15-Year ;20-Year !30-Year b
2 L1 d
31 0 L 08l 029 233 280; 287 290 293
4 1 015, 03 1.50 192 1981 2011 204

5 2 2381 129 377 443 as2lastTasl L
6 3 403 408 394 391, 390 390 390

7 E 3% 370 323 (2490 234 228

8 384 S®@ 344 246 240

9 412 S8 381 301, 2%

10 427 603 379 204 289

11 387 583 333 238 23
112} 20 6340 L3815 3490 321 3l 3061 . 302, .
13 y 5.59 342 2190 213

14 350 518 490’ 380 _ 33 2611 2%

15 4761 605 5740 484 448 ! 387, 383
116 | 585. 17 6861 5281 467, 4170 3 36t: 355

17 659 944 807, 5741 483 328 .39

18 690 1042 876! 591 480 290 279

19 LTA5 10890 1S3 947 617 S0l 4. 302 2%
20 79 1173 1234 9901 68 563 350 347

21 90l 1306 1373} 1089: 7411 606 _ 3T 363 _

2 A 949 1443 1507 11661  752; 593 _ : 32 306

"3 oN; : 11.23 1A.28 17075 1R3R. ROR. 7.30 Sas i I . A A2 A0% el
W VN Shestl £ S\ Sheers £ sheétd { sheets { shect { sheet  sheeth {sheet9 {sheetl0 (et €. CH i =
0 NUM

B ST stEAPRARRSGATREST Excel it E@

91



(mmrrmem]  (RETTEBAS)

20

i 10
. BRI

20

BERERE) oo FIBRIR &) BERERE) o0 PIRRIR )

B 58 FEAFHREARRGATAESPAVE L ESR

(2) HEAPFRERBGRR T LN EHRDY

BAREABRASHRNAAFRARBRGATRERVEAZ 11EA -3

BA~6MA 1 FHEKE 1000 A FMAELEHROER RALREZERAL

5 $

B AHEE—EEA 4 1000 442 100 £ R B+ A £ TR L - % H

X L8 X FH# ~ Excel #UAR 3D B - HHEBAp AL FRAHRR T

IR ABHERA  EREGL > SbEABEEE RS 1000 % - mstHE

AT BAGER P IEBEEE 10000 & > H B R 4445 — B E £ 1000 18

X FH -

92



Rt BAFABRBARGHEHDY

— - BERXAERA
WA RN A BB & B AR 30 £ AR R T A £ 490
HAeEE - RAMBABBZ AN ESS R PERMOBEA 3EA 6
A BN BB LA RO RCP2rate) RERBM2 5 510 % -

154 ~20 %) A ERANNG B ERFAAMNENTV)

— -~ AN 0EERN

BAMEHAGERAHmZ A RHEEHE > B S59.

-} BREERR N '

1 Month Interest Rate
3 Morth Interest Rete
6 Month Interest Rete
2 Yesr Interest Rete [ #ieExFE
5 Year Interest Rate [ #kEExcelfs
10 Year interest Rate O Bl

15 Year interest Rete | 2.8658
20 Year Interest Rete , 2.8994 ]

B S5O BRATABIHARAARENRABAES

93



AR A R AR A EERBAERBRE RAREL —EH

AR 30 FHFHALHGNEIR  HB X E2XFH ~ Excel #2A & 3D B -

HHEEX WA A PRAHER ¥ XBBHR BB RA  BRFME L

A XA8LA 30 SRt A FRAGER P I BEBH LB XS5 100 £ -

94



FAE #2H
AR ERE THEAANEGEEREGHERY - F -2 XAARGEE
HEONTPEERAR P2 EANEARAMRAR RASHERYLC
SiBBFEES Lo — R A AT LB LR RN - AR
RoFEAANFLHIERABBERAHENRAB LY EARA S R £
£ ARBEBORDAZRTEREMVGSE BREMEFTHEEY - £H
AAA Ytk MR FHFEEAN G2 AZBBRERIEREF SR LA E
By AR M (4o X B S S ey 48 (Percentile) ~ F1 R R W ey REFE ) AL -

B A R R MRE  LRFEFEHMA -
ke EHERARES O RTRAEANA S —EMAE 4 — B35 KA
2007 £ R EMOBRMAR - EX A AMBEYEL P H LA (Hlh 7412
50200 %) THKEAMN ) 9B LALER TREAM HERBI -
AR 4 AR AT - BHIRR > RPIAFLAERE S0 @ 5E 0 a5 B R
P ERER BB BE SRR ? FARNBEATERBORITRR — e
BERE —EHAS F—SARRMNTZLEN REARAFYRBETHELS
RRERRAE LR EHRRAHEM Spotrate ° FMAEERENTHEARAZ D
BFH BAA —BERAR - MAMGBAIEHHE - BLAAAE Bk
KB ERAOFNERMESE  R—BRAFOEARHNEZNMEEEIFLE

oy BABMEMELNBRE TREEXEATHAOTH R 8% EMEH

95



BAAEAIR - TREZAZARROGFAR  BELLERT  BARKBMEKLFE L

CP2 Rl 6893848 T »

A-F @ ERERALELZGE -G TUREEANHNEYFLFRA

S EE AN B IUREHBERE AL OREH & HEBE A AR T

IR RYGFFE RASLEH GBI IFHIRT TEAHAM - M B RiFLEH

X BABRERSNE R PRARAM IO T ERETRSEFHOBET -

b

\ad

BB RR TR EAFEE BTE— S AT ILEH HHAR - &

|

ERBBAAGREPFHSEEME -

A& F-aBATHERRAEEARRREZEMEHRONE B EME

HHEA - RABABAEMKAGRE LN RE—FF - B—FAREARE

HEZoZ—MEHER BASLFEMNE - BEREFHLENSETHR

R .

ERNF MUY ENGR  AROBRVGNAMERGBE IR TER 20

FraE RS FHEMEPT -2XAREAHNEZEVERARIVENRE B A

BAA RO BRI R A AR R RE S E R R R M A

AR -

FRBEHRE  LAZHAEFRAR P LENGERAEE - KM BATREKA

Hull-White # 45 A3t E NP B EGRB P IR  AdmERBDLERLS 0 £

FEHBRMEHHMAEA Hull-White A M E/E > LERF2EF WA - b

96



s BAHREIKARFFR —ERRRETF-HF - AREFFEF oML ZER

RSB TETHE -HlodB8URSLRE - REDBSTEARMBEGKREY

$oodsh BOATAGREA TRER —BARELE > LREFRZUFEY -

Rt BAARMBARBEEZFABA T ERBMEGTHEAERLY > flb

BERAHAZE MERAEFRENRIKZTCLENMENLE HETRE

FRIBEFURBIETERMEOHY -

97



XEREE

P X34

[—y

10.

11.

FEH T HRERAFZHMERBEE -G R ATHITERRL » HEKX

B B4R IE AT 0 1996 o

IpM T RAHNERMERZ EETEAR 0 R KM RRAT 2004 -

Wi TR EEAMERIATHZOMN 0 RIT KB AT 0 2002 -

AR TRGEEEAAERY A 0 ERREEFEFARA 0 2002 ¢

HELE TEMMETHANESRZEH 0 EB KL LA 1998 -

WA AR T EHREHNENMABHEAUZTERE  BATHER

FH o F+45 g 1998 % 55-88 A -

R EAR T e THFHE —HUANEEVZTERAE > TEM

AR BoNA o B 1998 & 77-106 R -

HREF - ERBR TR TeamA s ETs  KRESBRELNOE
L BB B4 B—H 2002 % 29-55 F -

B~ THE /T E " URBRIEAT S NETHH R ML

ZEERR  EEMEAR F K F #2003 £ 3147 R -

WL TEENETHANENMEHBILH ) SEARREMBEELZSL

2004

B TREEFEZ MM RSGE 0 S REHER 19990

98



12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

BRI MIATHESMEHMMBKZTEMRE » T RERKES
AR 0 2001 o

BEE THERUZFEHHLH BPE 0 B RELMBRIA 0 2004 -
CHdk TR EBAZ ERAATR -EARRTRERE ) BioASS
RRS 7 AT 2004

REF T B FE&EHAFEUZTRHLM 0 BT KEMF 2 AT 2003
RFE THEMMLHEBRPITEAR ) SRARKEMFEEM
2000 -

REF TRMAFMMEHEUZITRAR > HEAZKE LT E
2000 -

AP E o714 E B-Spline # & 1 A MM #2453 0 SEMARRERHE
3 4 0 2003 ¢

Bim% > T RA BDT A B RAFRMEEHF —sEFRTHITE

K0 BT REMFERAT > 2002 -

BRI THBBE THENMSHZ AR > HEALLBAR
Fii > 2002

B T BURMMEAA R SRR A F R RGHRE 0 ERRKERF L
P 0 1997 o

SE8EM T ARSI AR MBI THERMEHZ AT ) HHEMARREHFETE

99



23.

24.

% > 2003
WHEL  THERRGHREZNMEAA R HR 0 W RESMARAT > 2005 -
WAE TUPBREZRFTERRHEBEE M T HIANFHAMREHN K%
R EIFSMRBAZ LR BEERET A8 4 0 F 2 #2000

#2547 R -

100



HE Xy

1. Adams, K. J., and D. R. Van Deventer, 1994, Fitting Yield Curves and Forward

Rate Curves with Maximum Smoothness, The Journal of Fixed Income, 4, 1,

52-62.

2. Ahlgrim, C. K., S. P. D’Arcy and R. G. Gorvett, 2004, Modeling of Economic

Series Coordinated with Interest Rate Scenarios, Casualty Actuarial Society and

the Society of Actuaries, http://www.casact.org and http://www.soa.org .

3. Albizzati, M., and H., Geman, 1994, Interest rate risk management and valuation

of the surrender option in life insurance policies, Journal of Risk and Insurance,

61,4, 616-637.

4. Allen, D.E., L. C. Thomas and H. Zheng, 2000, Stripping Coupons with Linear

Programming, The Journal of Fixed Income, 10, 2, 80-87.

5. Bacinello, A. R., 2001, Fair pricing of life insurance participating contracts with a

minimum interest rate guaranteed, Astin Bulletin, 31, 2, 275-297.

6. Bacinello, A. R., 2003a, Pricing guaranteed life insurance participating policies

with annual premiums and surrender option, North American Actuarial Journal, 7,

3, 1-17.

7. Bacinello, A. R., 2003b, Fair valuation of a guaranteed life insurance participating

contract embedding a surrender option, Journal of Risk and Insurance, 70, 3,

101



10.

11.

12.

13.

14.

461-487.

Bali, T. G, 1999, An Empirical Comparison of Continuous Time Models of the

Short Term Interest Rate, Journal of Futures Markets, 19,7, 777-797.

Bali, T.G,, 2000a, Testing the Empirical Performance of Stochastic Volatility

Models of the Short-Term Interest Rate, Journal of Financial and Quantitative

Analysis, 35,2, 191-215.

Bali, T.G,, 2000b, Modeling the Conditional Mean and Variance of the Short Rate

Using Diffusion, GARCH, and Moving Average Models, Journal of Futures

Markets, 20, 8, 717-751.

Bali, T. G, 2003, Modeling the Stochastic Behavior of Short-Term Interest Rates *

Pricing Implications for Discount Bonds, Journal of Banking & Finance, 27, 2,

201-228.

Ballotta, L., 2005, A L"evy process-based framework for the fair valuation of

participating life insurance contracts, Insurance: Mathematics and Economics, 37,

2, 173-196.

Ballotta, L., S. Haberman, and N. Wang, 2006, Guarantees in with-profit and

unitized with-profit life insurance contracts: fail valuation problem in presence of

the default option, Journal of Risk and Insurance, 73, 1, 97-121.

Basel Committee on Banking Supervision, 2005, International Convergence of

102



15.

16.

17.

18.

19.

20.

21.

22.

Capital Measurement and Capital Standards, Bank for International Settlement.

Beekman, J. A., and C. P. Fuelling, 1990, Interest and mortality randomness in

some annuities, Insurance: Mathematics and Economics, 9, 2-3, 185-196.

Beekman, J. A., and C. P. Fuelling, 1991, Extra randomness in certain annuity

models, Insurance: Mathematics and Economics, 10, 4, 275-287.

Beekman, J. A., and C. P. Fuelling, 1993, One approach to dual randomness in life

insurance, Scandinavian Actuarial Journal, 76, 2, 173-182.

Bellhouse, D. R., and H. H. Panjer, 1981, Stochastic modeling of interest rates

with applications to life contingencies — part I, Journal of Risk and Insurance, 47,

3, 628-637.

Bernarda, C., O. L. Courtoisb, and F. Quittard-Pinon, 2005, Market value of life

insurance contracts under stochastic interest rates and default risk, Insurance:

Mathematics and Economics, 36, 3, 499-516.

Black, F., E. Derman, and W. Toy, 1990, A One-Factor Model of Interest Rates

and Its Application to Treasury Bond Options, Financial Analysts Journal, 46, 1,

33-39.

Black, F. and P. Karasinski, 1991, Bond and Option Pricing when Short Rates are

Lognormal, Financial Analysts Journal, 47, 4, 52-59.

Bowers, N. L., H. U. Gerber, J. C. Hickman, D. A. Jones, and C. J. Nesbitt, 1986,

103



23.

24,

25.

26.

27.

28.

29.

30.

Actuarial Mathematics, Society of Actuaries, Illinois.

Bowers, N. L., H. U. Gerber, J. C. Hickman, D. A. Jones, and C. J. Nesbitt, 1997,

Actuarial Mathematics, 2nd edition, Society of Actuaries, Illinois.

Brace A., D. Gatarek, and M. Musiela, 1997, The Market Model of Interest Rate

Dynamics, Mathematical Finance, 7,2, 127-155.

Brennan, M. J. and E. S. Schwartz, 1977, Savings Bonds, Retractable Bonds, and

Callable Bonds, Journal of Financial Economics, 5, 1, 67-88.

Brennan, M. J. and E. S. Schwartz, 1979, A Continuous Time Approach to The

Pricing of Bonds, Journal of Banking and Finance, 3,2, 133-155.

Brennan, M. J. and E. S. Schwartz, 1982, An Equilibrium Model of Bond Pricing

and a Test of Market Efficiency, Journal of Financial and Quantitative Analysis ,

21, 3,301-329.

Brenner, R. J., R. H. Harjes, and K. F. Kroner, 1996, Another Look at Models of

the Short-Term Interest, Journal of Financial and Quantitative Analysis, 31, 1,

85-107.

Briys, E., and F. de Varenne, 1994, Life insurance in a contingent claim

framework: Pricing and regulatory implications, Geneva Papers on Risk and

Insurance Theory, 19, 1, 53-72.

Briys, E., and F. de Varenne, 1997, On the risk of insurance liabilities: debunking

104



31.

32.

33.

34.

35.

36.

37.

some common pitfalls, Journal of Risk and Insurance, 64, 4, 673-694.

Brown, R. A., 1999, Phase I Report of the American Academy of Actuaries' C-3

Subgroup of the Life Risk Based Capital Task Force to the National Association of

Insurance Commissioners' Risk Based Capital Work Group, American Academy

of Actuaries, http://www.actuary.org .

Campbell, J. Y. and R. J. Shiller, 1987, Cointegration and tests of present value

models, Journal of Political Economy, 95, 5, 1062-88.

Campbell, J. Y. and R. J. Shiller, 1991, Yield Spreads and Interest Rate

Movements: A Bird’s Eye View, Review of Economic Studies, 58, 195, 495-514.

Chambers, D. R, W. T. Carleton, and R. W. McEnally, 1988, Inmunizing

Default-Free Bond Portfolios with a Duration Vector, Journal of Financial and

Quantitative Analysis, 23, 1, 89-104.

Chan, K. C., G. A. Karolyi, F. A. Longstaff, and A. B. Sanders, 1992, An

Empirical Comparison of Alternative Models of the Short-Term Interest Rate,

Journal of Finance, 47, 3, 1209-1227.

Chapman, D. A., and N. D. Pearson, 2001, Recent Advances in Estimating

Term-Structure Models, Financial Analysts Journal, 57,4, 77-91.

Christiansen, C., 2005, Multivariate Term Structure Models with Level and

Heteroskedasticity Effects, Journal of Banking & Finance, 29, 5, 1037-1057.

105



38.

39.

40.

41.

42.

43.

44,

45.

46.

Cox, J. C., J. E. Ingersoll, and S. A. Ross, 1985, A Theory of the Term Structure of
Interest Rates, Econometrica, 53, 2, 385-407.

De Schepper, A., and M. Goovaerts, 1992, Some further results on annuities
certain with random interest, Insurance: Mathematics and Economics, 11, 4,
283-290.

Diebold, F. X., and C. Li, 2006, Forecasting the Term Structure of Government
Bond Yields, Journal of Econometrics, 130, 22, 337-364.

Dothan, U. L., 1978, On the Term Structure of Interest Rates, Journal of Financial
Economics, 6, 1, 59-69.

Duffie, D., and R. Kan, 1996, A yield-factor model of interest rates, Mathematical
Finance, 6, 4, 379-406.

Frishling V. and J. Yamamura, 1996, Fitting A Smooth Forward Rate Curve to
Coupon Instruments, The Journal of Fixed Income , 6,2, 97-103.

Gallant, A. R. and G. Tauchen, 1996a, Which Moments to Match, Econometric
Theory, 12, 4, 657-681.

Gallant, A. R. and G. Tauchen, 1996b, Specification Analysis of Continuous Time
Models in Finance, in P. E. Rossi (ed) , Modeling Stock Market Volatility:
Bridging the Gap to Continuous Time, 357-384, Academic, New York.

Garbade, K. D., 1996, Bond Convexity and Its Implications for Immunization,

106



47

48.

49.

50.

51.

52.

53.

Fixed Income Analytics, MIT.

Glasserman, P., 2004, Monte Carlo Methods in Financial Engineering, Springer,
New York.
Glosten, L. R., R. Jaganathan, and D. Runkle, 1993, On the Relation between the

Expected Value and the Volatility of the Normal Excess Return on Stocks, Journal

of Finance, 48, 5, 1779-1801.

Gorski, M. L. and R. A. Brown, 2005, C3 Phase II Risk-Based Capital for

Variable Annuities: Pre-Packaged Scenarios, American Academy of Actuaries,

http://www.actuary.org .

Grosen, A., and P. L. Jorgensen, 1997, Valuation of early exercisable interest rate

guarantees, Journal of Risk and Insurance, 64, 3, 481-503.

Grosen, A., and P. L. Jorgensen, 2000, Fair valuation of life insurance liabilities:

the impact of interest guarantees, surrender options, and bonus policies, Insurance:

Mathematics and Economics, 26, 1, 37-57.

Grosen, A., and P. L. Jorgensen, 2002, Life insurance liabilities at market value:

An analysis of insolvency risk, bonus policy, and regulatory intervention rules in a

barrier option framework, Journal of Risk and Insurance, 69, 1, 63-91.

Hall, A. D., H. M. Anderson, and C. W. J. Granger, 1992, A Cointegration

Analysis of Treasury Bill Yields, Review of Economics and Statistics, 74, 1,

107



54.

55.

56.

57.

58.

59.

60.

61.

62.

116-126.

Hancock, J., P. Huber, and P. Koch, 2001, The economics of insurance, Swiss Re.

Harrison, J. M. and D. M. Kreps, 1979, Martingales and Arbitrage in Multiperiod

Securities Markets, Journal of Economics Theory, 20, 3, 381-408.

Harrison, J. M. and S. R. Pliska, 1981, Martingales and Stochastic Integrals in the

Theory of Continuous Trading, Stochastic Processes and Their Applications, 11, 2,

215-260.

Heath, D., R. Jarrow, and A. Merton, 1992, Bond Pricing and the Term Structure

of the Interest Rates: A New Methodology, Econometrica, 60, 1, 77-105.

Heston, S., 1992, Testing continuous time models of the term structure of interest

rates, Working paper, School of Organization and Management, Yale University.

Ho, T. S.Y. and S. B. Lee, 1986, Term Structure Movements and Pricing Interest

Rate Contingent Claims, Journal of Finance, 41, 5, 1011-1029.

Hong, Y., H. Li, and F. Zhao, 2004, Out-of-Sample Performance of Discrete-Time

Spot Interest Rate Models, Journal of Business and Economic Statistics, 22, 4,

457-473.

Hull, J., 2006, Options, Futures, and Other Derivatives, 6th. Edition, Prentice Hall,

New York.

Hull, J. and A. White, 1990, Pricing Interest Rate Derivative Securities, The

108



63.

64.

65.

66.

67.

68.

69.

70.

Review of Financial Studies, 3, 4, 573-592.

Jesen, B., P. L. Jorgensen, and A. Grosen, 2001, A finite difference approach to the

valuation of path dependent life insurance liabilities, Geneva Papers on Risk and

Insurance Theory, 26, 1, 57-84.

Johansen, S., 1988, Statistical analysis of cointegration vectors, Journal of

Economic Dynamics and Control, 12, 2-3,231-254.

Levin, A., 2004, Interest Rate Model Selection, The Journal of Portfolio

Management, 30, 2, 74-86.

Longstaff, F. A, and E. S. Schwartz, 1992, Interest Rate Volatility and the Term

Structure : A Two Factor General Equilibrium Model, Journal of Finance, 47, 4,

1259-282.

Marceau, E., and P. Gaillardetz, 1999, On life insurance reserves in a stochastic

mortality and interest rates environment, /nsurance: Mathematics and Economics,

25, 3,261-280.

McCulloch, J. H., 1971, Measuring the Term Structure of Interest Rates, Journal

of Business, 44, 1, 19-31.

Merton, R., 1973, Theory of Rational Option Pricing, Bell Journal of Economics

and Management Science, 4, 1, 141-183.

Miltersen, K. R., and S. A. Persson, 1999, Pricing rate of return guarantees in a

109



71.

72.

73.

74.

75.

76.

71.

Heath—Jarrow—Morton framework, Insurance: Mathematics and Economics, 25, 3,

307-325.

Miltersen, K. R., and S. A. Persson, 2003, Guaranteed investment contracts:

distributed and undistributed excess return, Scand. Actuarial Journal, 23, 4,

257-279.

Neison, C. R., and A. F. Siegel, 1987, Parsimonious Modeling of Yield Curves,

Journal of Business, 60, 4, 473-489.

Pagan, A. R., A. D. Hall, and V. Martin, 1996, Modeling the Term Structure, in G.

S. Maddala and. C. R. Rao (eds.), Handbook of Statistics, 14, 91-118,

North-Holland, Amsterdam.

Panjer, H. H., and D. R. Bellhouse, 1980, Stochastic modeling of interest rates

with applications to life contingencies, Journal of Risk and Insurance, 47, 3,

91-110.

Panjer, H. H., 1998, Financial economics : with applications to investments,

insurance, and pensions, 2nd. Edition, The Actuarial Foundation, Schaumburg.

Parker, G.,, 1994a, Moments of the present value of a portfolio of policies,

Scandinavian Actuarial Journal, 1, 53-67.

Parker, G., 1994b, Stochastic analysis of a portfolio of endowment insurance

policies, Scandinavian Actuarial Journal, 2, 119-130.

110



78.

79.

80.

81.

82.

83.

84.

85.

86.

Parker, G., 1994c¢, Limiting distribution of the present value of a portfolio, ASTIN

Bulletin, 24, 1, 47-60.

Parker, G., 1996, A portfolio of endowment policies and its limiting distribution,

ASTIN Bulletin, 26, 1, 25-33.

Parker, G., 1997, Stochastic analysis of the interaction between investment and

insurance risks, North American Actuarial Journal, 1, 2, 55-84.

Persson, S. A., and K. K. Aase, 1997, Valuation of the minimum guaranteed return

embedded in life insurance products, Journal of Risk and Insurance, 64, 4,

599-617.

Powell, M. J. D., 1981, Approximation Theory and Methods, Cambridge

University.

Rebonato, R., 1998, Interest Rate Option Models, 2nd. Edition, John Wiley and

Sons, New York.

Rendleman R., and B. Bartter, 1980, The Pricing of Options on Debt Securities,

Journal of Financial and Quantitative Analysis, 15, 1, 11-24.

Shea, G. S., 1984, Pitfalls in Smoothing Interest Rate Term Structure Data:

Equilibrium Models and Spline Approximations, Journal of Financial and

Quantitative Analysis, 19, 3, 253-269.

Shea, G. S., 1992, Benchmarking the Expectations Hypothesis of the Interest-Rate

11



87.

88.

89.

90.

91.

92.

93.

94.

Term Structure: An Analysis of Cointegration Vectors, Journal of Business and

Economic Statistics, 10, 3, 347-366.

Siu, T. K., 2005, Fair valuation of participating policies with surrender options and

regime switching, Insurance: Mathematics and Economics, 37, 3, 533-552.

Subramanian, K. V., 2001, Term Structure Estimation in Illiquid Markets, Journal

of Fixed Income, 11, 2, 77-86.

Tanskanen, A. J., and J. Lukkarinen, 2003, Fair valuation of path-dependent

participating life insurance contracts, Insurance: Mathematics and Economics, 33,

3, 595-609.

Tsai, C., W. Kuo, and W. Chen, 2002, Early surrender and the distribution of

policy reserves, Insurance: Mathematics and Economics, 31, 3, 429-445,

Vasicek, O. A., 1977, An Equilibrium Characterization of the Term Structure,

Journal of Financial Economics, 5,2, 177-188.

Vasicek, O. A., and H. G. Fong, 1982, Term Structure Modeling Using

Exponential Splines, Journal of Finance, 37, 2, 339-348.

Wilkie, A. D., 1995, More on a Stochastic Asset Model for Actuarial Use, British

Actuarial Journal, 1, 5, 777-964.

Yan, H., 2001, Dynamic Models of the Term Structure, Financial Analysts Journal,

57, 4, 60-76.

112



95. Zakoian, J. M., 1994, Threshold Heteroskedastic Models, Journal of Economic

Dynamics and Control, 18, 5, 931-94.

113



o k8 B 68 TOHE¥ 081

lig Bt 5 42 7

g & J\ =) H |h| D.\. /.M<\ B8 «w
W EUHBLNE SCLIN « B 1HTH 06 B vIH 114 €885 [ b o [k L HE i A G 3 AR i Y SO 200C
o ¥
HE B By Y W E W I H F L RE0Y « HkEZY09¢ ¥
OLZ ~ Y081 ~ Y¥0ST « Y¥0TI » Y06+ ¥09+ ¥0£ B Hf[gx
o A Wby Ly 3 < i F k| = T BT LY T 44
. (MEYH) YHY e ok o= T EYVE B S & LNHBFIFEZ | TVEH T &Y 0] £48 | 700C
WHYT « ETCIH ¥ Yy FE& L ytdOva HTl406
FTHIFS [T HETFFH AL ZE AW T FE W4 )
o sy 3 TR Y 06 1 W Y ¥ <‘\&www # W | T S Y W WwE
" B yrmaE R T e [T e
XEEHWEXE « THCIH ¢ 6T 8 SH 14 ¢8EY [dl)
s AL HE
TS UGB L S U B ok HOT W h B N Y .
VLU LB CUTE - OIS « VL HELIL HEB o
=4 Hlaro ¢ H D4 (A o 3 ¥ X%
SHWETEEN R WY XL - HOYIH .mrm L R R R o0
WY HEY X HWE TE YN BE WG Y[ T
GG oM T b T G X BB HIE06%F H 1488 [AL])
HEHE I « THFHOEEE « FH
CE 6L« FEGBHEY 0810k 051~ ¥ 0TI~ ¥ 06+ ¥ 09+ ¥ U B Y i B
TVET RS HE YT e d
OC UK o BB A T o TR M B K BB 5 By e e | PR BRI | 1000
va [EeSs2 e s Ml TW O ¥ 54 )
@M%gwwﬁmmw % e
B — P UmET X HERT HETE 06t  HESYER EHE BESIRTHY N L£¥F % | 000C
wum JM& By, t m, B
L b WY 0€ « B €CH 113 68F B ¢l @ L [rarL] F TR
HE Gk ¥ (YR E T R e ¥ E RS —| 4 s
BUH LB W EYERY081 06 0SB HTIEV8E U IH 1L Hd s F Iy E F O WAL A S R 9661
Yk E BB g 2 %% B4 RIS VR EE

R L

VY BT Y RS [ Y X e TRt M E [ 45 ]

114



o WHI LB F KM B Y

MY UHEFHE R  BEY X SN ETHEREY
XHEYRH WL L T Y ER LW Y4 « (0€SdD)

WP E T EYE R UH S Y + = S WY F DY
Y MEFBEESSTH c BLHTIFL8F BYH 148 [dl])

B B G4 i W pE B8 3 YK
YUY BE FHEHHS

b Z
B
Law

00¢

o % A% L W I FE Q191 H

CHICHLSPSE BYHIFO6L : HEB ( HEHECIN « F
TdDLBHEY 081 ~ MY 06~ KEXO0CE HTIHV8F HoHSLEH
T WY LCERBHH6HSLE Fi¥dOWR  #HE
B[ o E il T - el g B0 RYRI L]

Yy rEaw+
W — e G LT HS

YHFHE b

%
By W

8661

o w ¥ TdDG LW E QI F

cBISHLFPSEBYHIH6L : HEB (HEHFCIIH « F
TdOBMEY O8] ~ HEY 06« KEY0CH HTIFV8E H6HSLEH
T B—UBHEFLCEREBHH6HSLE F¥dOUB  #E
H[oHEshalr - Fea b N RYRI L]

ekl
EEHHBUHF DTS

MYl FR

b ¥
YW

8661

TR L

BB

7

#34)

8
o

o EGIOTH « Fh¥Md W kWY
WO MBI Y M d T « FLIOTH « FI¥F IO LW -8 HE
Y081 « HEXY¥06 -« HY0cs BOSEHOET6E BV H 1468 [1AL])

HHAE I MEMT -
BEBHYZTEHEEHT

Ha¥k %

3 P S 5 ¥ T

% &

¥00¢

o GrkZH EYY
EHMFH S G L B E YR NIRRT EY
¥RTERHEE T EYEEHERHEE -  §¥FER
HERHY 48  BLFLEPHEE 6vTeid 8 8TH SH¢€6
THVH 148 « k8 E 666CH - B ICH TIF 6T B vH
13 SSEBIMfHEY Y - FGIFFHEL WY EYEEH
ERM BN YT EYERRERHEE = - F¥YXEENE
WHHE — « SYEQRRERBY 4+« Flewdey (L)

Bl iRl ZEmsF ¥

Mo %

&mnwwﬁm@mwamnvj

N
2
e
4

¥00¢C

ot E % 5601
¥ TrEHOYBEHE e LYY
By W ETH Y LYl F S SBY 081 « HEY 06
KXY 0 [T HE T F M UL TS AW I ¥ EW4 ]

Yém

ErmgEHI¥ LE—

TYEH

T R H Y Tt ¥

HHY

£00¢

115



- HSIHG6 - BSIH o
X YR « B YT PYRY S E - SiraL
Y« BAYT H BT B H[FE « B S0 EUeE ¥ T

-4
L& WA RS FINE  Lra kST S o BN VleT e e =
N a Y HrtFEr 2yt | €00T
HMop X =Ty « HE G XWE PGk < E w7 S e R FUFFES Y elel
Wk [ K BON) Mok W T M F ) — 53 H88 Y ERY
¢ 4Gy FUER HERT « FCEYHERY BV EN
vidSIENE « BeCH 1TH68F B6cH T3+ (A1)
YokkE BB¥ B [ ) (EHE
o BNVEIMEB B
Trxvaly « RlE G askege ¥  BWEF [ HGHE
H R G R WG R Jsar=i gt | |
TS YHEIT L F Y FYEHEHERY < &8 o e L [ LT | el W EE 2 Y ka7 R3S | c00T
SEFVHHT « HEECSCH « HLCHG6F16E HO6THTI TR *
+18 « WRFMWHEY S H FEE TFREY [[]1]
o dr—Yedr k- H nedis
BEUET YR « E LO% « ML HOT S Lo kYA = WPl |Er B Y g7 | B
r%mﬁm\ Y7 « & [9% « HRV LRI S 68 =+ B M T L e p34L $73%: - 7% | FE 335 | 000C
ozF BHElZE « B e 11 68F B 62H 13 +38 (A1)
¥hoh
o b BHH[E < WOEINTT [t ] | BT T E Y " MM WHEREYHS FT47 | 6661
o M7 Lo —F fer K ELY
. A HE YT . |
390 Bl T % &y [MENEET  WHEME S W ¥ 6B Y YA B TN Y HBE | WSS YEFE  [SHEE| 1661
O YA SSE Hodreg [k ¥ X YR o %88 Y) T
HoktkE CES PEZ LI Xtz VR EES

Er (snomownstey) W M —HYE VI [ X TRl [Tiw]

116



o BY L M FEVEISHHEI PGS
T%d  BHZIE6EH 1106 BHITWEH WYY
% 000SY YL LB Y TR XN YMBFLTYW (BT 4 HRFWEYIL THEVY & | #HEYW | WEiewIHY W | ¥
FHUILHET Y YHGAYHEH Y B H  FHL
THEBYEWELEYY [~ E EHEYREYE 4]

o
®

S00¢

oM TTH okl ik —HF  H
TG EIWMFHEYY Y Fl¥ddF B0, B
081 « HO6~ B09 - BHOC: BOZ+ BHOI ~ BIXHE « F[¥
ZAivid— HUBXRWerA YT Y BB H EE
HMEYE S NGl WL TE I TW B E M THWHF T YW | RS HHHY TR | HET | v00T
YR YX¥FIBRHUEXRETER ¥RV
YT HH YN TN PR T R E Y YR
B B/ /¥  HOTHWHEHSBICHOIHT6E BHSIH
0116 [V EEHBEEE 4 « I FFHHMAT]

o TYIBE STH Y H ¥ Y (T
—f WEYEEIEEEW TEYHEHB YT TR
MYy QBN WU E Gl H¥ U Lt dg e Latk i L
WWM&N”@ﬂ%&%%%imém&wwvﬁﬁmmﬁwﬁﬁgﬁﬁﬁ%%ﬂamm%MEwﬁ@ﬁ@%Kﬁmﬁwmﬁﬁw ¥00¢
BEYYHYT  F-EIHHDFYTHYT « £ 56
YR YUY RGBS 0cH
BHEYT « B 9CH 6% T6F B 6CH T1¥H 8% [rdl])

> ¥ XV
HEME X TTHE Y  HE XWX PGt w
W B Mok QM T EF Y Y HET «F—
WHFHBDEFWTH F8¥F B UHRUITHG AN
HocHulflsH « BlTH6H16F BorH T3 p8 [AL])

SLE S i et

Emrld ks £ g7 g
sl s T ouds- g g | Wege [ O A YRR B4 c00z

c WM EEEHONIH
(B PR OWS YRE Bl TREY YA TR E R L YIRS | WSS T UEYHE | FEY | 8661
YoM el YHQCH « T = H BOCHOEISE HIHIFES

Ykt E B9 g F % 5 T & 4 | FFE

P TH R WEWX iy X TaME [Z5H5H])

117




118

L7 38E
_— Yerost = ZTUTEEFHABVFTEHY
e o B0 B o [ G8 mmm% um | g s et M
e « BIHEE %67/21/88 F 17/9/487a [EE2#Y ] R0 1oae T T o TN A

WD

&S B 000C

Y FE BB B2 [l F |




[ 45w ) 30 XAk & F 35 CP2 F354| %

Descriptive Statistics

N Range | Minimum |{Maximum | Mean Std. Deviation
=T R 3239 9.74 77 | 1050 | 44434 | 237765
12 4 1 1 I ¥ 1
10+ -
; b .
g
g ]
e
JE /«*u\)b
ek
4+ -
2t -
10994 1 9:38 1 9198 2000 2002 2004 2006 2008

119




[ M55 7 ) 90K #A =k 4% 1 35 CP2 35 4] %

Descriptive Statistics

N Range Minimum | Maximum Mean  |Std. Deviation

LT R 3239 3.24 71 000 | 45164 2.37294

FHITZE (%)

S
1

D 1 1 1 1 1 |
1994 1996 1995 2000 2002 2004 2006 2008

120



[ 5525 180 % #A=k & 1 35 CP2F-34 4] &

Descriptive Statistics

N Range

Minimum

Maximum

Mean

Std. Deviation

—EH/ T

3239 7.73

90

8.63

4.5709

2.38250

()]

TEHIFIE(%)

e

| | 1 1 1 !
1996 1993 2000 2002 2004 2006

121

2008




[(Még€] —F2ie D E-FHAEANE

Descriptive Statistics
N Range |Minimum |[Maximum | Mean Btd. Deviation
803 2.01 87 2.87 1.5041 51901
3 1 1 1 1 1 |l
29F .
2 2f -
ﬂ
He-
il
I 15t .
‘ \(/\J et
1F J)N\JN i
05 | | i i | 1
2000 2001 2002 2003 2004 2005 2006 2007

122



[ M A BF 2 Ee MEPHEAE

Descriptive Statistics
) N Range |Minimum [Maximum| Mean ptd. Deviation|
EREiE 1147 2.77 112 | 3.89 | 21653 | 60492
4 T T
36F i
3t _
i
@ 25} i}
K+ S| | |
h
¢“\,~
15} .
21000 20101 20.02 20103 20134 2055 QDIDB 2007

123



[RiskA) + 45 21800 i T2y A £

Descriptive Statistics

Range

Minimum

Maximum

Mean

btd. Deviatio

T

1350

3.89

1.33

5.22

2.8304

91592

55

4.5

3.5

AR ISE(%)

25}

1.5F

\\f M

1
2000

2001

1
2002

| 1 1
2003 2004 2005

124

2006

2007



[msg+]) +ERER e N EFHEM R

Descriptive Statistics

Range

Minimum

Maximum

Mean

htd. Deviation

1351

3.81

1.51

5.32

3.1656

98539

(%)

Ht

TR

55

451

)
()]
T

N

i
2001

l
2002

2003

125

1 !
2004 2005

1
2006

2007



[Msc+—) =+ 528 E A F

Descriptive Statistics
| N Range |Minimum [Maximum| Mean ptd. Deviation
E-‘I*Eﬁﬂ 1349 3.46 1.83 529 | 3.2859 89742

55 1 T

$oa
|
1

G
8y
T

(W%
T

" Jm”“\
| U\V\b\% «

¥

1 5 I | 1 1 | |
2000 2001 2002 2003 2004 2005 2006 2007

126



[ M4+ =) 30K #34n & H 3 CP2-F 35 4] %

Descriptive Statistics
N Range |Minimum [Maximum| Mean btd. Deviation
IR 30 6747 16.78 1.05 17.83 6.1506 2.87389
18
16 .
14 F i
. \ ' -
EZLF 10} 4‘ .
Hé
I 8F -
H_
5 “ .
| A |
2t \WHJ”’ .

D 1 i ] 1 1
1980 1985 1990 1995 2000 2005 2010

127



