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(953 | MEXEARERE - MEMER - BT RBiRgi

Abstract

The main purpose of this paper was to validate the underwriting cycle in Taiwan's private
health insurance, and to discuss the variables that influence it. The results of the AR(2)
model and the Markov switching model are compared to determine the cyclical pattern and
to verify if the characteristics of the underwriting cycle remain the same before/after the
structure changes and under different regimes. The empirical results show that there is no
AR(2) cycle. However, they also show that the cyclical behaviour can be captured by the
Markov switching model with the two regimes representing the soft and hard markets of
Taiwan's private health insurance market. In addition, we confirmed our hypothesis that the
variables affecting the underwriting profit margin differ substantially across the regime
switch. The hypotheses regarding the underwriting cycle in the literature can not be fully
explained by the linear model because the latent variable of state is omitted in regression.
We demonstrated that the Markov switching regression model is well suited to capture the
distinct characteristics of the loss ratio under different cycle stage with estimated time
varying parameters.
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FeB R R IGER - JoFa iR ARYFINESR ~ 1R REiRi S AR N TR B E A
< _EFFELRRERIR S (Niehaus & Terry, 1993; Gron, 1994a; Harrington & Danzon, 1994;
Urrutia, 1996) - &R UGS AN TR KER R E RS - RIER S8 - R
Rl ML 1555 (Hard Market) o [ & PRES LG B 2 R TR K ERIRBR (EAS R - JERIZRFEZ
M > AR Ry 411555 (Soft Market) o

B A R IR TR BRI AH BRI 52 » 2 MR 48 Venezian (1985) $i2 Hi#Y [ B HeilEl A 7Y
(Second-order Autoregressive Model ; AR(2)) 4387 3= » SR » EF AR(2) BRI B
DRIGERIVIFEIRE - AMEFRLRTERFG ARQ) 8 - HHEBRIERBAEE B E—E
HOBRMAER - A REfE G ERIIRIRYET A5 (Venezian, 1985) < Leng B Venezian (2003)
B $5 Ht » Cummins Ed Outreville (1987) Y ¥ 4 THEAAE AU 7 JE AR(2) @12 » ML LA
ARQ2) A N E BRI IEERINR] - HEL ARQQ) EREETHERIEERIBCRE » &
EETEIPIAEER 8K / BT RIREIRE - & H &R E @ 155 S AL
LURAGERAY R IR Bl < 7E AR 28 (Grace & Hotchkiss, 1995) o [K]IEL 7R SCRRSE FH HoA
PR > AO5EEE S HT (Doherty & Kang, 1988; Grace & Hotchkiss, 1995; Venezian & Leng,
2006) PR AZIRTGER - 10— M S SR MG BR A9 3 R R (o FH S T R i B 1Y (Markov
Switching Model ; MS) & -

AR —EEH A > fEREEEHRBETE5ER T Venezian (1985) FirfgHiZ AR(2)
BARTEERSD - RS/ ATREAAE RS P IRREIEER - B8NS © ARQ) fEERUfE iR A F]
JEFFEAR IR SRR RERE - FE RN IREE BT & & & (PIanRe &R
R ) FrE SIRZ IR IEERER S » Al LAEH AR(2) #EAUHICAREE - ARSIk
RETEERTENUE © NIEHRRET - (REESECER TSR FIRYBIREATAE - [RIT RV
HRIRAMERE R IRREA AT A AR B 22 52 - HWEIRRE RIS RS B AL
PG ERER 52 - JRRIHRASH Ty E) (FIAIFIR « GDP ~ LRGSR R FR K
8 ) o CRBEAYHLRG B R SR o Py 208 A oot - i 2 AR B BE R A S [R IR RERY 5 - [KIFE
ANFEIYTS - REEASRIT A FIRY SRS - ORE: SRRV ENRERERE X M S 23R - 7€
Pl RE: PARR SRR A m A RA I IRRERS . - S A A fE B -

BEAN » ASCHYES M8 HPUER PR NS S R IEERAYIRFR » E AL RGBT 50 F Y
RIS BRI R =REE D AR 25 SORRES B 2 SRR RS A B B 8 - (BRI TE I Al
i > INEE AR EER R AV B EE _ 2 A — 209 kS SR (Fung, Lai, Patterson, & Witt,
1998) o HARGHE B BOA A PR 2 SR BRI 2R s 28 B AR AT RE IR AR T 5 » AR B 2
HIE  AERORBE TG AATIR / BERA A T MU REIRE » IR AV ERZ I AGIRREAHRR A8 - A
RERUL AR SR aA =R P 2R & /AR » R B IRR Rk - 52
TR E, A EE 2 (50 FH AR MR AR AT RE ST T FFHE HE SR SR B Y = B e o At
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B - RIS ERRE B - T SO H R s R PRI PR 52 « (Rt - ARG AT R
PR - o A ERRR DURRS S BRI SR BRI R AR B A it B - 2 S e
SR VTS E R A R MRS R R IR IE ER IRES -

ASCHERFEHIRZEHRANT © 58 R SORRIAIRE - 58 —Hi Ry R R BB AT - Bk
AR T SO AR 25 AL R TG BR (A - BTSN s BRI R SRR ~ AR DR,
TRE FERIBATR - GBI R BLETE - SEPUETLL AR(2) $HIE MS BEAU Agiifd 15 18
RS (A AR R R PRTEER - A DARIBI AR E R MS BIUAYRI{EIRRE - #HE
HEARZ ORE BRI 5 B 0% - BeiR DL Logit SEERPRATIRREEHRA FHIEITEAR - 2R 1E0
Pl et L RS ] DRl R S 0 PR G B S TR R T Bt A R > oA R T
KAGIRRE N 28K / 15 - BRI SR AT - SBANHIRI R A SR W

& ~ XEOE

LA Venezian (1985) Hy AR(2) #&2U Ly FLRERY R 2 B R IGERAHRA SO - 28R
AR IR IRV IR S TR AR N S B ERR 24 > 41 Venezian (1985) » Cummins Eil Outreville
(1987) » Lamm-Tennant Ed Weiss (1997) DA 5z Chen ~ Wong Eil Lee (1999) - fFfd e 1A
IREE R SE B R B e AR 6 TERYEL AR TIEER > 401 Gabel ~ Formisano ~ Lohr i DiCarlo
(1991) » Cassidy ~ Hardigree Eid Hogan (1996) LKz Rosenblatt (2004) - {HIZ{RIGERTTAE
E 5 St A2 2 (Fung et al., 1998) » HENBEAZIRIBERTAAE » HIBERR /A
FHIA] - %01 Chen et al. (1999) DL AR(2) #EAURFSE 1970 2 1995 A [ ni B 5 e b =ny
BARTEER - 2B T B 2 5 R R F e S i o - ARG ~ skPaRE DU HAREER
BRIEE - BIEERKEE 2 ZE K 72505 7.78 - 12.01 LL J 13.86 4 - Fields Ed
Venezian (1989) RIfgH! + ZEIEMERITHHIBLIRIEER - A RESE A EERSIRISSENVRR S 808 -
WA A Rl FTRE R A A A RATR - DUEE S IIRERY fRER -

T3 AR ER AR A > FISCRRE h 2wl e S 7oA i (Fung et al., 1998) :
SN TE R R (Extrapolation Hypothesis, Venezian, 1985) ~ B4 FEHA / &1 55 - TER &R
(Rational Expectations/Institutional Intervention Hypothesis, Cummins & Outreville,
1987) ~ Fl|=R43 i (Fluctuation in Interest Rates Hypothesis, Doherty & Kang, 1988;
Doherty & Garven, 1995) ~ EAPRHI{EER (Capacity Constraint Hypothesis, Winter, 1988,
1991; Cummins & Danzon, 1991; Gron, 1994a) - 534} » Lai B Witt (1990, 1992) RIjf¢H!
TEIVIE BN (Change in Expectations Hypothesis) » ZBUE 35 7347 )5 L35 TR RS o 438
B 21 GDP ~ FIREE » {E R HIERER 2 S AR R A -

HMeE R TR PR B A SR @ BT TEE 5% - LB R AIRR B R e
R E R > G R OR B RS o A AR AR 2 BB IR B A IR SRR A AR IR BT &2 -
Venezian (1985) 2L 1960-1980 4-Z& BN 13 EBSFEAVEZIRFIER - F]FH ARIMA
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FRA AU R T RR S L IRR M E R TR A - HEREE T EiE ARQ2) 155
G DASE R A L T A S B BR R Ry 6.12 4 -

HPETHIN / FIE A iRER 2R ¢ SRR ERFETE R EE - ERERE S
FRAVZEEE ~ 7 {E AR i Bl B PR A (R[] MR SR SN IR SR 88 B R R I ER Y B Bl
R o B4 Cummins Bd Outreville (1987) DL AR(2) BB 5347 1957-1979 FEBM ~ =K
FHEE ~ 250 ~ BB~ FRF - BHAR ~ AHPEEE ~ PR ~ Bl ~ Bk > SEEEE 12 B R
AR RS EEBRIR I » R IREURER TR ~ ZrRDLRRE L A1 - HEREI 2 B -1 6
% 8 FHIRLRIEER - Hod G RAIREEHI A AN - A1 R E R HL R ROEAE ~ R
B R i AR R~ CREHR R EATE R CRBE A / HHr s HE S - BB
B & A R IEER Y[R 3R -

EBLMETEIV] / S TGRS - B RORIRIBL T R E IR IR - HAE ROKIR
KAt ER 7= B AR A AEAERARY - HIELSMEEAE R - ARt AT R E Y
&2 (Niehaus & Terry, 1993) - Lamm-Tennant B Weiss (1997) JRLL AR(2) £ U 43 #t
1965 Z 1987 FF N ~ BLHHA ~ Ik ~ PR ~ $RB ~ P51E ~ FAF ~ HA ~ 1B ~
PEEELS ~ Bt ~ SEEIC BRI ER e HOZ 2 IR - 3B 12 AR B E A 8 fEER
RIEERRZEE AR(Q2) BAIRTEER - (HEHBL e fE IR IEER R 2 S K - HEE TR
FE R B R 2 BIRTHHEL - SR ~ BEsH ~ CREE S FT B &y 3 BNV AL 2 ~ FIJ
R~ HHE GDP ~ [RETSI% - KBRS 7 M TG -

534h » GDP IR KSR B MR TGS © FEORBE R IEH A RITEIL T - (Rbe s KEE
RS R I P 1S B i B - G HE T 82 2R 29 = {K (Cummins, Harrington, & Klein,
1991) - [K[ft GDP EA{RZ {7 IE[AEIFR © 41 Grace B Hotchkiss (1995) ffiff] 1974 &
1990 FFHYZFER » DB G EE GDP ~ IR - JHE S ERREEL R &R MY
FIARAR - 0 LARRZE M) & H FE ER R AT HE g A B OE i K7 S SRy i 2 - 388
GDP HEE B A b S A RIH A R s2 % -

i =R A R 5t - 2 F DA DR B E (B R sk e B R TE BR © A IR T RSk T B
HEHRZR AT EL - TR AR B R 1y S [l B R AN (8 m] USRS F =R Bl Reast » [RIRF AT e
WL MEFEAAEGSR - #1410 Doherty B Kang (1988) FFEAE A E HE A fe — & Bt i/
JIEEERE 1952 2 1984 4 ] 3 B 2 i 32 AU AZ CR AN BRI 3R 2 FRIRY S 1B 4% - Doherty
Eil Garven (1995) ZRGEHE 1976 & 1988 -] Bl bk R A NEHEL =Ry & mBA R - His
HHAERIAIIRF s 2R OR B N RIHYE AR B 3 AL AR AN - LR 28R i B R e /8 R
S FAE AR ~ A IR AU RE B ~ FEORBE S B SR [RIZ2H B - Haley (1993) LUt
GRS E 1930 28 1989 - AY 38 B 2 bk R AR BRI =R 2L &y LB S AR - RS
411 Grace Ei Hotchkiss (1995) - Fields Eil Venezian (1989) DLz Smith (1989) JREEE ILF]
SRS, -
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i Stewart (1984) LUK Bloom (1987) itk H A AR BRI 358 I AZ PR G BRER AT
AR SEEEARRE  IRETEHRA AR AE RV E RS - DI RBINSE SIS
B H R 5 - SBEE AR DI IR E R A TR G - DUERART S S 1)
REJ NG AR FERS R - SRR EAS R - S IRBEERS — TR m I ER = > 5
—HHREREREERGIER BB ERER > M RREERENM &
S E R INOR B HAG  SERRBEEARS N - WA AR IGER - BARIRHIFREH 2
EaRE R F L A / B R B AAAE R MIBAGR o Gron (1994a, 1994b) 43512 1952
2 1986 4F Jx 1949 2 1990 4F 2 & B A b b e A T3 BRt 400 38 BT R AR R B 2 e At
By 2R EAREfR - Winter (1994) ZRDARTHAE A EHEEIE LR (Economic Loss Ratio)
HEFTEER AT > EH 1948-1988 fERY B FE R HURE AP - HHAFTRIRIL -

TEIE B - 220 Lai Bd Witt (1990, 1992) Firfg » HOREE [ERIUER T MiIREE
ZANIRE R I B R s 2 o PR FR A RIS A S SR SRR B 2 88 b Ao AN
EME o BPEEREE A Ry TR A SR M REIRIF SR BE L SR g a2 09 iE Ak o a e
AIAIERE: o (Kl > CREFEIFIER BB ICHY I E 2FERIBILR -

1E_FiEERnIERRE L o RSO R A— B B RS R - JRBIE SR IEER AT
{5 AR S SR BRI SR R 25 B 5 B B2 B RS RS s B s B (BRI TR
TEHEAJT A EAMIEE R o B2 Chen et al. (1999) DIFE IR ~ FI=R ~ RAEFRBLUNE
'8 GDP (BB sk iR R AR G R - S BB TEI] / (I T TGRS B o ks - B
S e b BB 7T > FISREHRE R s BN B (R BT o > B
FIZS B EERAYTEIAN A —2 - BLAh » BESR Haley (1993) $¥8HY 1930 % 1989 4FHY3EEH]
FEREAZ CRoF N LR =R 2 B B S R AR - R0 Haley (1995) AllZ8 0 2 baute i1l o2 JEF]
SREARIRA AFAAE RIS » RIMERS E RS E){fEH - Lamm-Tennant Bl Weiss
(1997) BURFFEthZE 3 GDP [y BB AL RS EE RS ~ YR 3 (T O By B K e e LB s
RS ERIREEE 2% - A0 Leng B Meier (2006) fif Fl#H2538.2 AR(2) #5244 » X Chow
e E R (Switching Regression) i s 1= ~ fEE] ~ EE[EL HAZ 5 EA R
A o REIREETIVUE B R AV ARSI A H ARQ) fBER - AR E BRI ARG
OACAEE o il LR (A R RS AU B R SR B AR 0 SR ELE LR SRR - i H AR RS
REUUEBRTE SRR B B G RR - (H IS (RBUI A SRR SRS B R -1 -
P50 Venezian Eil Leng (2006) USRS /AT 3B 1981 4FFI=R A5 R i S s e e A% £
BRI 2 BRHAGAS E a R e A B S AR I T RS A R T R R BREIREE
BRI R 52 BE R AR A R RS R AT % 28 £ 8L - Grossman B Ginsburg (2004) #5235
(Bt SR B i R A SR s R 24 > S BR SE B R B © AR AURL IR TG ER BRI 2 90 A%
AR > HHEHI A RV B R B S B R AR B Yy ~ AR TR ~ TS ST ~ O
B SR TR AR
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Sl SRR 25 B PR P — kR ML R R R PP A | AT A T 3R - IR R RIS TP A%
flia 2R A G FEE R R SCRAIRTIE - JRRVE R BN/ 45 =5 RE E Ry ] OB IR G
B JESBAIRRRIEE A2 - RIS R TS A AEA FRREE - HI AR(2) Firfdi
ATEVTEER - H B ARV E TR rT REA A R ROMRRER o 1 AT rl G R A Yy
R BAA PRI - RIEASCE DURE R R ERAY AN [AIPE B GIRRE ) ' - R
PRAIE S TR R At B R AR A2 2 -

2« ERREEDHT

ASCLAG E R0 AR IR R i Fe i 5 - SREIMEIRIEER S S AR IR RE K%
TRRE R R FR IR BB SR SRR SR » 325 SRR 26 PR e i 5 e S el g e fe /2 45 17
ERRIEERIR S > G0 BOR R A R R BEAETHISE - 20 Formisano (1989)
Cassidy et al. (1996) > Rosenblatt (2004) > Grossman Eil Ginsburg (2004) > Born Efl Santerre
(2008) - RIMTAFEABEE B RSB ~ BRI a5 am B 5 B b B K
o5 0 b TSR S E R SR IR B P SR A ORI AN G A IR
BUGA SR (FE ) BRI E IR - RefRIg A wHE SERE ot - [RItiRR
B AR IR A A S B IRE I B S50 0 B e AR R T B -

EEAh > BEIRIEI RS ORI o S R IR BT 7> - (H—J7THIE 1981 -2 2008 £Fp%
SEMIE A R PR B R B O SP-£2) s (B B B R By 12 45 34 ] [ B o R R B PR 2
AFEAERERSGEEER 5% (31 2) - MHhE 1 ErNEREEH - 2ol Ebe R E
IR e R Bl 75t B e SR A R o o G i R g K AR g - (EL R S B A A RR B4R
I RN LB HS R FR B AR e SR AP —BL - 59— T THI I g P e (O o A PRt it B
R EE T2V R RS A RO B - Ryl S Bl SORRERES Hhoddt K2 AN [F] B ] ] E
BAANAEA A B FRIMIE A B IIHERY ik (Fields & Venezian, 1989) » [KELASC{E LR R

ORI AR TR o S A R B BRI~ PR ORI 1999-2008 4
PIHHE R BURMEAI R - 0T 5 A RIMERFSFEIRT 4.49% TR E IR « mHARZIKCA R 2000 47
Z 791 fiE ETHEE 2008 42 1881 5 - HYINIAT 2.3 £ o PREFICARIRRAY 2000 =9 2B HY
10% IR =R AL FEJIHERF 10% BYRRIRR - ANE 1 Fros o (SR B A5 fs e da el 1 £8
B B E TR H 2001 SRR OR B AT JEHT B R A MR S B R - ARSCEFES 2001 SRR
2008 FIHIEREFULAEST AR(2) BESEEEMT - FEREEHINIZE ARQ) ARIEER - HAREEEES
PTEUREIR - PP ARFEERG HIREEE 22 2 S, - ARMRE T BRI EIIEEE - ot - a018RAT
st > ARSCLIRICER (HL / REHIA) BRETRLAR G ER - $HICSRAE 1981/1-2003/4 R HL AR(2) fi5ER >
il 2003/5-2008/12 1) AR(2) JEEBEI Ry 5.44 i H - KIS - JE RNTIEESED] -

FE2 MR A SRS HEE T 1981 A28 2008 FFAYEOR} » 2003 472 2008 A lE A fl HEBS PR 2 LA
o B B il FREBEYY 21 £ o T 1981 422 2008 A7 {1 A fet R I B [ et R g 11 S22 A R S 1 4313 )
Ko 33% Bz 18% o 54k - flEl AMERRBERIIHICRET R 27% - [ g BEis HI -2 s 81% » 2003
HFEE 2008 I BEEGE 92% o BEIR LRI R A AR R ORRY 28 -
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SEAE AR PRSI EDRL -

A O s E AR OR R 2 SR — - R AR T I A S5 rbany £
Biyrh - HE A R LR > HFEH R ARG > ORBaE thpl e L7t
() - #ER LRI NS REEAIERBEE A g b - (HILRHY < — IR B R I PR b
QISE Py ~ SRy g =R > HERIIRRI TR S E - RIS E A TS -
ANERFREBERE - B 1995 F2RERFAMTLIAK - MR B pa S R fr
B A A R PR B » [KILEESRe 2 RIBAAARH 28 AR S B AU ERR IR B - L AR R PRl
QU OB R PHECRER RS B ORE - T <8 &y iifE B R PRAn Fea P b S m] BB B —4F
JHCU T B AR B - (H 2 BUm b2y - HhvB & EIMEFH SRR, - A
It > AT GLLA SRS G T i B R S A A SR T 3 AT

g 1I¥

1 .1981/1-2008/12 f BEMRBERABERRERFEWA

FE3 RCERA R AE AR SR AR T n - AIIRHEERR T =R IR 2 BIFF U= (2009) -
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— ~ SRRV BB ] SRR

AU AR (B Y ERHERENOERHRE IR - S R0E
RV - 5300 DIFIER ~ RidEREHRARSR - pide i B8 FIHE S - SFE9%9 A GDP ~ L
FRFER » BRI R K AN BRaE S R AR TE BRI -

FER AR TR R ER Rty e - 25 1SR B IR B (& [ A0 S 1] B AR FI 38 B 1 = A i
gﬁ °

EEARRRGIEER T - HR G S be s W I B AR R S R b - B2
ikt B e P 7 AR 1 2 B R A ] B Sl ) 43 B EUAS: » (XL AR 48 Born Eil Santerre
(2008) » £RFIR1AE BE RS SRIE Fo i & & AN IR s 0 OB A B - P IR RTAE BERY 4R L
AR - KA ORI A ZE AR L AR - A RHE IR BN IR B2 R - [z » i
FREARE SRR a AR - (515 TEIE RN - 52 - BRI AT AT
FE SR ER R SR B (RIS

EEETERR / Hi R TEARER LU S MEARER T 2R GDP ~ L3R LR
FIBEREE FHFR BT & - AR IR Ry (E A RIIEILT - R RSB Ra R P iy
funsEhn - G R AR E K (Cummins et al., 1991) » [XIit GDP B{REFH{F A 1E
FIRALR - TR SEREHB RN AH IEIABATR » 41 Grace Bd Hotchkiss (1995) » Chen et
al. (1999) > Born Eil Santerre (2008) - 534} » Grossman Ei Ginsburg (2004) 5 EUFBER
FA AR B P i FH A A A - R s 2RI S RIR IR B E » ARSI LARITAFE R BE
et TR RO B O U - Born Eil Santerre (2008) $5H * HifHIBEFERAHY
BTE - RS N—HIORERRG N - [RILL AT R R B R B A IR AR -

A KA R 1981 42 1 H %2 2008 4 12 ] (3 %) - LAk R 2 IR &
HUBORHI A A SR ORBESEBS T - FISR ~ JR3EsR - B IIFR B B G Bl
EHRHE - SEE9 A GDP BYER SR Ry b3 R G &3 - (HIRI L R &R - Bl
FI T IR R R HERL - 5941 - BERE RS TieE Y Er L B S
BB IR G B TR - 2B BUE F DUt e a5 1 Foss »

AR AR - TR EEER /SO - o h R ROk PR BB K B PR AR SRR R R
B A B AR AR - TR PR S AR BT -

iS5 KSR SE a4 o DR I S 2 B f o L T IO 25 e R 75 4 Bl R AT 8% T 1981 222

TR, o SIHEZR DY (2004) {5 F BB E I BER RS S ng S R R R B L IR B ER VTR AE - 85
BEASHRIIRER 1981 SEFHG2E 2002 4F > ARSCHIHGZERHU BOPT 22 2008 45 -
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® 1 SHTREBAERE

sy Mean Std. Dev. Median Skewness Kurtosis Max. Min.  Obs.
LR 0.27 0.06 0.27 0.74 3.72 0.49 0.14 336

P 4221708 5245333 1314784 1.11 3.15 24016517 6380 336

L 1110348 1398574 284201 1.05 2.71 5022834 1189 336
PCGDP 27059 12854 27466 0.01 1.59 50857 6783 336
IR 5.10 2.50 5.00 0.90 4.30 13.30 1.40 336
UR 2.80 1.20 2.60 0.50 2.10 5.40 0.90 336
MEI 76.70 14.80 75.70 0.40 2.00 106.70 55.90 336

(o) BEEF -
LR (Loss Ratio)= &% 2 o
[= s T

P (Premium income)= ‘F& 'y * » E7¢ T=°

L (Loss)= ZE= k= » EF 1 T oo
IR (Interest Rate)= F|3 » F|F '] 2 5= FEZZHRAFE o
PCGDP (Per Capita GDP)= = }35 A B *#& -V 850

UR (Unemployment Rate)= % # 3 o
MEI (Medical Expense Index)= 52sd B {58 o
(b) % #BST 1 1981 57 1 B % 2008 & 12 B=H 336 TEBX! o

o BRDE
(=) Bkt

AL G TE BRI AT 88T Augmented Dickey-Full (ADF) f#3E J Phillips-
Perron (PP) f3E » MR B ML Py R Ry PR - A PR B I i —F 22
73 BN E AR BBk — RS BT TRR R - FrE B 280 PRSIREE - BARAERTR
A 2 FR -

EfEERE © HASRA ADF BMRMERTR - M A 5 i s B T i ik
TRABIRASREAA AR - 5 PP R R AR SR EG BAR - Wi e T ia R R I -
ASCTGRIA Zivot Bl Andrews (1992) fifites it BARAR E HE — DA E HHICRIBIRIE &
FRAE R AR E RS 5 RS - M RS R IR DR -
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* 2 ER#ETE -1981/01-2008/12

B Level Difference Log Difference log
With Intercept ADF PP ADF PP ADF PP ADF PP
P 1.71 0.92 -0.95 -28.39***  -1.93 -1.95 -2.64* -31.96***
L 2.43 1.79 -1.40 -55.06*** -2.45 -2.57 -2.69* -36.47***
LR -2.54 -5.24*** 3. 78*** -29.6*** -2.42 5. 717 -3.99*** .29 .50***
IR -2.50 -2.54 5. 74%* 4777 -1.18 -1.24 -4.10***  -14.95%**
PCGDP -0.80 -0.74 -4.14 *** -21.87*** -3.75*** -1.81 -3.28** -27.70%**
UR -0.63 -1.40 -4.38***  -16.49*** -0.90 -2.22 -4.44 *** -18.08***
MEI 1.30 1.31 -17.49***  -17.53*** 0.34 0.36 -17.83*** -17.88***
With Intercept ADF PP ADF PP ADF PP ADF PP
P -0.56 -3.18* -2.64 -28.85*** 0.02 -2.52 -3.29** -32.91***
L 0.22 -1.75 -3.36* -58.98***  -0.24 -2.36 -3.81** -38.43***
LR -2.72 -5.38*** -3.78** -29.66*** -2.55 5. 777 -3.99%** .29 53***
IR -3.26* -2.54 -5.76*** -17.86*** -2.60 -1.73 -4.00***  -14.94***
PCGDP -0.84 -4 59***  .3.97** -21.88*** 1.09 -0.82 -5.35%** .28.38***
UR -1.89 -2.21 -4.36"** -16.49*** -2.04 -2.82 -4.38***  -18.07***
MEI -1.94 -1.99 -17.60*** -17.67*** -3.17* -3.27* -17.83***  -17.91***

F2IR 2 ADF SFPP BT 10% ~ 5% = 1% F)F-E )f F1E5G E4 F% -2.5733

. -3.4293 °
(b) E&E=E> Q?l@d ADF PP EP55st7 10% ~ 5% = 1% D&% )V 5585 &4 9% -3.13 ~
-3.42 5%-3.98 °

(=) Zivot #2 Andrews 44§32 ¥t €
/A Chow 1 7E (Chow, 1960) FlfE s E AL FE A E (Goldfeld & Quandt, 1976)
BB A AR Ry Se B T (R A E RS IR, L 5 B E B ARG IR R RS -
B HARI 8 - B i oG i B A IRE [ Bk 2 U8 LK (Hansen, 2001) > [KI7f 2 A R
he e 7 ARG SR IB R ~ 2o AS A I B DUFTE ~ DU AR AN R W S8 7 T AR Y iR G
(Leng, 2006) - [fij Zivot Bl Andrews fgi & R RSB Ry BRI B AR s L - iRy
BB RIAR G RIE - R EBUINAZMEERFS AR RS - ARG bl i i es
Es R Aol AP EE AR AYRES - B Ry 28 o [RIELARSCEL Chow A i Bl R0 407 253
IR R ELATEEL - mREL Zivot Bl Andrews 15 fife iE Al A TEH IR TN -
B RS A SRR e S AR OR B 2 SRAE ADF faE LEfEEL AR - {H Zivot i
Andrews fi5 & R BER FL B AR B S vT RE F 28RS T B BE P& AR » 7RBIHEASRTE 1984 4F
5H ~ 199245 H ~ 1998 4 5 H Ik 2003 4 4 HF{ehitgiEsE - fls PP fsEfEAE
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PRI R » o7 26 SR T A L 71 B RS A WUSURS A » IREDT 1981/1-1984/5 ~ 1985/6-
1992/5 ~ 1992/6-1998/5 ~ 1998/6-2003/4 L) Kz 2003/5-2008/12 - H.rfp » S H 1984 £t
HEBHHE P L RIBIRS (LR » 7 1999 4F HITTHE S EITIN G MII 2 - 1992 4
S EIRRRE - B AR MR 7] LTRSS R ST A SRR R A
T WS - 17 2003 4F 4 HTF{E SARS ST » H1A SR P
ZERHEUT: © SARS [l 4 76 32 e B (B ) 28 WL AR 2 IR A PRI FR B S El 2.62% 1T
3.62% » BEREEL A A TR e TSR ~ 0 S e T R IR s 1 2
BRI - B (2003) 3Ry SARS BB (H A REHERIRZ B ABIS » T Drechsler
B Jitting (2005) HIRFSEIRAEH] SARS BT AL (MR A 2 -

E2 \ IR BB RESS

DL ARQ2) i HZ IR IGEEELING (GIEARSE FE) » AR R » 2
L ZORHYIRI A T, - DRI A S B B A SR 2 AR« JRBI AT RE S EY R I
AR(2) fiEE » HEPYRFAANZAE AR(2) f5EE - FLEME /S EEIIEH ARQ) 552 » JRATAE
AR IR S5 (Grace & Hotehkiss, 1995) » [ » L AR(2) el -5 ER
SEIARS S ARZOREE R » [H 32 SUBRMRLL AR(2) R by FLIsRERY DRI
Hi1 DL AT JeiEi it 5 BB Al (Markov Switch Autoregression ; MS-AR) ¥HE AR(2) f2
I PR R S A R (R A R -

MS AU (Hamilton, 1989, 1990) BY—1# - B BN EREEIREE (S, =1,2,...,.N » ¢
=1,2,...,T ) M b — sk A B R BELR 18 o 6 T BT « TR SR o R s
FIFE RS 4E I (P) FIRT— IR BB EF o FAR AR AT Y - DRI BERE | LIRS
HEBT R EIRE PR AAAIRRARTE  BRIEE - 500 £, FRFeM S A TSR BRI HE N #Ebe
[ IR Ry i (B S, = i) B - B £, (958 i ETTE50s 1) BIZERSR + F > F
—HIHRREA BRI B R E(E 1| £) = £, =P £, ° TN > ATERMZERERHE G
G ¢ FOHRAERESR - FB.2 k% TR (Smoothed Probabilities, £ ,7) o AXSCERF iR
HETTHER » ARIE Kim (1994) FUHEZ » SR AT

étlT:ét\t®{P"[ét+l\T (+)ét+l\t:|} (D

Horr o 77598 () ZoRaE IR - © ARITRAHR - SFIBHRAERS E W40 5 I
R Eqr ko A LRISEIRFES T-1 I9HHER  HRI A S B 1= 72,1 3
TR > QIS 2R A RPREH S IE PR -

it £, 8P LIRRIRAE MS BB 1] > Bl £,,= (0,1) #r HRITEIREE — (H1S,=2) -
RS AR P HIICHR Py FyATUHIRGE / ERE B EIUHIRGE § AUBER > fR¥% Engel £l Hamilton
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& R A AGE AR ARG IR P B AR I T K MR

(1990) F7Ran ks
P(St: i |St-1:j ) :Pij’ 19]21 or?2 (2)

L1 REWHIREE - 2 ReBiidlRRE - AURTIHIKGE 2 s I0RRE 1 AU =RTy
P=P(s,= 1 ]s,,=2) = 1= Py, » FFf1 Pyy= P(s,= 2 |s,,= 2 ) EiiilikeE 2 (257 | REfL1Y
PR - MHEHY - E AT RIRRE Ry 1 - T E HIREE Ry 2 1RF - AUURTIIIRGRE 1 s LR RE
2 WHESR Ry Py = P(s,= 2 [s. = 1) = 1= Py » Hp Pyy= P(s,= 1 |s,= 1) RAifiLIREE 1 {584

2
/| RERSHIMEIRY, Py=1 - AFRIRIENE j SRS BIIRAE | SRS B IIE R 1 - 5341 -
i1

IRRE i WIRFRARIAIEy 1/(1-Py) -

MRIE EAEE > APy < 1 Ry 28 J n] KORRRAEIRATIRF - KR Piy=1 > BLIF
Py =P(s,=2|s= 1) = 1= P;;= 0 - fGRATPHEIREE 1 0 RIREE 2 A9BSRy 0 > JRE[]
— HEAEEHEEN > HEHEAGIRRR 1RRGEIFHAEIRE 1 A EEfRIReE 2 - SRR
TEERAFAE - BERFRAT & L albIRREIRERPRFAVESSR P 2RI - IS .2 FHIRETT
FG TR AR A TR BT AR CRAN TRy 0 > JRE Py B Py AATRZE

AREA LA L3tz MSAR BRI AR R PRES 15 18 i S A1 A R R B 2 A5 A7 A
AR(2) fE3R > JRSAFAERE AR AGIRREAEER o B AHER R B P JGIRRRAEERR - AT
ARRESS H ARV SRBIRERGHS R LB i g — I -

F4h > ARSI FEER LA T 8L > MERR AT DUAE (5E ©) B R R s ATHLAL - {5
FHFS A BB AN 28 S5 AERGET TR I SR B L A o [RI SR 0 DR IR Bl £ _E e s2 2R
RIIFRA > RILLLA BERREF T4 -

—  MRIEE R T LA ¢ ARQ) IS MS-ARQ)

A AU 17 Rt A B T 2 2 1 AR R 2 [RS8 1984 4F 5 1 ~ 1992
15 H ~ 1998 4F 5 F LUK 2003 45 4 Ry gl » SR TR — (1981 4F 1
HZE 1984 4E 5 H )~ FHEA " (1984 456 HZE 19924E 5 H ) ~ FHA= (19924 6 A
#1998 4F 5 )~ FHEADY (1998 47 6 H % 2003 45 4 H ) ~ LU FAEAT (2003 4F 5

FES DIEZDRIMT 1981~2008 paEA A fRER RIS 2 IHICSRIT - 88 ADF J¢ PP Mg fi kg fh4e
HEAR - {ELL Zivot Bl Andrews gl » #EH 1993 F. 2 filtE - ETEL - [KIELFFLL ADF 5z PP ARE
1993 SEFror BRI ME B A I E TG AR - BRI - R B A BRI B ke T
R o HREL AR2) IS HT BER B ARt - RIPRAIRERER G - HLE e IR LSRN EA
& o ABE 2P RS FTOR—FE ESEER I (MS-AR(D) 5347 > RIS SRR IR BRI o3 1 Ry
3.61 ~ 4.19 4F -
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HZ 2008 4 12 H ) » FHLL ARQ) #llEZ IR TEER B A5 A AE « HRLL MS-AR(2) $E5 1%
e AN AR R S A ERIRRE G B -
(—) ARQ2) A

fRIE Venezian (1985) 1 ARQR) BETIZ0 FFR ©

LR, =a,+ta LR, +a,LR,,+®, 3)

Hrp o LR BRI » ay > a, 3 VRIBIRIERI 1 209688 a REHEE
@ FyaR7EIH o DL ARQ) FIEMIRIEER » 1 SRR IR R R B RAE =Ry 2 — B
Byt "R SRR AR EUT IR - S H B EAR - SRR —IIRENENE -
B0 A P FEE W ek A LB B2 » Venezian (1985) #E—257fF AR(2) FHAEZIRTEER
FREAFE R - BRI ERA I SR IA R B HRR - gt — e — )
CAEFHRBULERGIE o, > 0,a, < 0Bl ai+ 4a, < 0 BYEM: - LU Rkt (4) 35
ARIEEREH (Venezian, 1985; Cummins & Outreville, 1987; Chen et al., 1999) -

27
cos'(a,/2y/—ay)

“

G

AR = FA - S A SRR BERASR T REFR 2 B PR B R S T RR - [XIEEAT]
1 AR(Q2) B EEA DI AR RIEIE R 2 - HRERIRANZE 3 i © FER AR
IR ARQ) 1858 - 55— T RIBRTIL BRI B o0 AT S L DUAS TS GRS - i
a5 BRAF 53 LLARQ) faifll - [FIERER R 3 Al BR A LR AR(2) BURE L IRIEER -
TEEIUIT R 5.44 I H .2 4h > FHERPIE TERAIRIKAN B AR2) B fiEER (RE7) - It
BaRg i STRRATE © DL AR(2) PRASRL ORI ER B HSHIY - B8 B0oRHIIR e B B YRR AS
[A] - TEERE SR ~ DURIEERAY R EINRE < A it -

i 7 Grace Hil Hotchkiss (1995) $5H1 @ B #ORBEIUHARMNIARE » DUSERIRIRR R 208 ~ ZRE0R -
B HERIIZESE - ARQ2) WRZLGIE BRI IR 28 AR AR BB A5 HE - LRRE B A SR AR 53531
i HRp S 2R 2 BT ERATE] - AR (2004) DUBMER EOF I ZERHRAR R RS T 5 MR S (R HE R A% 1
PEERALET > #EE 1981/1-2004/4 2 R HERRFAE 5.33 FHUZIRIGER » MESREBAFK TS SRR 6 ~
7 RS AR A > MERISPSORREI AR T TR Ry AR(2) © BR T EEH TR B RHAR A E 24 - 55—
JIHIFEAR Y (2004) BYRESEMRRRIGIR T A SO S A @RI 2 A1 - M ELRE [ B f RRRE - kAT
RE RS A% PRI ER IR R K57 -

233
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® 3 HAHAR 1981/1-2008/12 z AR(2) iREUHEHER * LR

=T AR(2) AR(2), AR(2),  AR(2); AR(2), AR(2)5
Constant 0.04** 0.23** 0.08*** 0.07** 0.19*** 0.23**
(4.46) (4.87) (3.08) (3.42) (4.73) (5.71)
LR+ 0.62"* 0.15 0.50*** 0.45*** 0.34* 0.38*
(11.51) (0.92) (4.96) (3.87) (2.53) (3.00)
LR2 0.23** -0.24 0.26** 0.25* -0.06 -0.22*
(4.31) (-1.42) (2.70) (2.27) (-0.43) (-1.72)
R2 0.67 0.07 0.51 0.50 0.11 0.13
cL NC NC NC NC NC 5.44

= : (a) AR(2) * AR(2); ~ AR(2); ~ AR(2)3 ~ AR(2)4 ~ AR(2)s ~ AR(2)g 4" T ™ % 1981/1-2008/12 ~ 1981/
1-1984/5 ~ 1984/6-1992/5 ~ 1992/6-1998/5 ~ 1998/6-2003/4 ~ I'! > 2003/5-2008/12 7 *§ =% o
(b) CL ™ AL RHEIBEHEE , NC 7 DAL TR o
(C) *** HHR 1% HFTE I IE o YR 5% FESE I R 10% HESE M IE
(d) 55T ot 2o

( =) MS-AR(2)

FHA B AR ARHAR IR R G S 5ERE ThEr EL > BURIE SR TTRER 2 BhREAS
> AHERASCHITESET AR IR SR / FIERAY S RIEER > KL DARIIRRERY MS 15
HUVE R Z A SR R AU =CEETTAGET o 78 MS BEHUR - AR(2) FUARERIIRRE 2 AHRAY
IRRIE IRRECUERY - (REGLFEEIRRERY AN RO - R FREBI IR, - JKEBA
N Z MS-AR(2) fAUATR

LR, = o5t B LRy + B2, LR+ €, (5

Hrh o LR, Rys ¢ HERR o s, R NI UK > ERy 1802 B,
sORRE T » HHOHE (k= 0) ~ #&8&—0 (k = 1) AREREI] (k = 2) B90REL - e, R RIEHR
RE NAVERAZTH -

S TR 53728 TS AR (Hamilton, 1989, 1990) BLELat A3
4 Gibbs Sampling (Kim, Nelson, & Startz, 1998) fif&E /772 ( £F 8) - FF Gibbs Sampling
AR Z BAA NI FLEHEARBIOK ~ 53 oA Be s R S WA e %

FE S AR T IAAVHE SR AR BEE vk B
(1993) -

b

% Kim Eil Nelson (1999) 55 1.3 5z Chib Eil Albert
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TEDURE - HAGGHE R AR EART - (B AR AEET e R TR M B H BT
P2 i (1A B ERAIRF > Gibbs Sampling HIfCRsIEH] © 530 - ERARBOR/ K -
FHfA Gibbs Sampling fitiF s SR AN LA HE B A e TH#ERm - R ESEBa AR ftrYER
BHFesy HEEE M - BIREE B EHAY IEME M B (Koop, 2003) » KA SCER
Gibbs Sampling 1T MS fAUfEET - MS fAUATIER > H Z FGIRRR @ 7 #13 » LL Wald
test AR5E - M HEEHEEGE IR (2) ILLERET - Engel Bl Hamilton (1990) $5iH © B
JG ] KIRREIEER A A2 A RIRRE LRI RTHIRRE 2 - S WK RR B TR R A~
TPAERG PIRIIRRRIER © AR I IGIREM R ZERA (2) "IRRal T

P (s, =l s,=1)=P(s,=1]s.,,=2) =Py, =P, =1 — Py,

IRBIAERATHHIRGE /Ry 1 88 2 - EHREIE R RRER i =1 RUBERERAHE] - For B
Hﬁﬁ‘éT%ﬁﬁﬁﬂﬂﬁﬁ‘éE’ﬁ}@ o G B Py =1 — Py, BIEHEEHIRL Pyt Py =1 18 > Bl
Ry RS Hy @ Put Pp=1 > AAREARAN B RGIRRERS ik - Hige AT -

(Pt P22:1)2

~1 (6)
var (Py;) + var (Py) — 2cov (Pyy, P»,)
MS-AR(2) Z BFERRAIZR 4 FivR - IREBRER REUR R {EFy 154.47 > 83

SRR /KAE SOOI SHE - TEAEIR A RGIRERVEE SEIREY - [KIEAE 1981/1 & 2008/12
SUIRD - i A pe SRR e A TR R BRG] AR 73 Ry R TG IR TR -

MRARRTALSORRERRYT » TEBETETTEEINE - R AR 1 R R R m/R ORI 1 Bl 2 R
IRl PR = FRRSRIRAR » SO BRMETEE T - REIRIE - RIS - [HIEM MS
PR ARZ PRIGERIRS - A RAT FHBA SORRERRS AR E SRR 1178 © 25 $% P S IR RE IRy
SPEHR SRR R & 7 T - SEBOR B - (AR B SRR » KIEEASCH (5)
ARG RETUNEE - B AFERRE FRIRNIGMEIER - JRR]

E (LRS,) = BO,st—’_ Bl,s, E (LRs, ) + BZJ, E (LRS,) (7)

4 |- R T

E (LRS,) :BO,S,/ (1 - Bl,s, - 52,.&‘,) (8)

FEF 30 (8) AT R RIBIHHEI RIS B FUERBEHIREE - /IR EIHR
R ARRE Rk T4 - T RIPBIHAR SRR RGBT - F5RANER 4 Fros > WafE
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TREERY B HAXS MR 2R3 B 0.284 ~ 0.276 - [F]F » FUIREE T & HHARI% 1% — H e il
T E R HE AR B Ry I H A B WOIRRE TR KR R E
(0.688175+0.24884=0.93) FHE R RE (0.78) Fo K » IR AJ [l 2 A IHRE I I RFE - IR
BIHEL (RHEERZ 73T ) B[R BRALRE BRI - (i BE iR IRE (BRI BE)
Bt o IATTT 5 HL R TSSO AR SRR TAEARRERFAE T TR - FHER 4 m] 3 B IRREIE K 1 v
SER BIREME T SIIRER (Pus) By 0.20 (Pys = Py =1- Pyy) » (&R GRS B 5
AIBESR (Psy) ARy 0.19 (Psy = Py, =1- Pyy) o BRI TG RAIRREAIFHEIARMI 53 5 Ry 4.98 1
526 i H - GET#IR 10.25 i H - JREVEL Skl e IR REHy — s TR EER T s =2 -

< 4 LA Gibbs Sampling {5t MS-AR(2) HIEE#ER

RRE— / EhThi5 ARREZ / BETH 5
Constant 0.018** 0.060**
(0.004, 0.036) (0.031, 0.091)
LR {1} 0.688** 0.581**
(0.517, 0.872) (0.437, 0.732)
LR {2} 0.249** 0.201**
(0.072, 0.417) (0.047, 0.346)
E_LR 0.284 0.276
D 4.983 5.263
Std 0.019 0.045
P11 0.799
P22 0.810

Chi-Squared (1)= 154.470 with Significance Level P < 0.0001

S (a) E_LR o R HHSESIES 5 D A E e Raene o
(b) F55TR HAFE 2.5% 4 FEITO7.5% 4 FEERRAE 05% 7 T 1 SR E T
I 95% S 1 (SRIENE T FEE T T o

f
|+
i
b

W

o RN IR R Qo AR I

ARRERESRIY Al EHE HE —BE PRI =0 (1) B - AR A A2 2 T - R
FHBRAS IR S BCAT IR B IR B 52 2 AR — RSB B SPARES Y - JRBIFIR ~ S
29 NBIR TS HCAT 8 ~ SR BB B IR S B NGRS & 2 ¥ 1 — I - 1T
Logit JBEGHT « H& R —HIRIIE KRy 2020 (1) FoR - BT RIRRE M FTHIREARA -

Logit JEEFREEARILNT P

prob,(s,=1)
In m =BotpB D IR, +B,D L PCGDP,,+jB3sD UR,  +
BsD MEI,

©)
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D_ IR, Rtk — RIS 35y - D_ L_ PCGDP,, Ryl SREHI % % — 174
19 NBAPIE FEE AL 75 » D_UR,. Rlifth— WIS R 35y - D_ MEIL | Rovkth—
SR FFRIE 7253 < In[ prob, (s,=1) / (1 — prob, (s,=1))] FiKilisfh S, =1 SRR {75y
BT (Odds Ratio) » 5 MR AT ER O IRES I LRI Ry TEIRF » fRZC I T — 0
BT SH T HO SRS - AR » FOPAIRAER AT + R MS BOREAEAREER (1)
A RIRIE Z T (£,  AREIEC ISR R AIT R I R R 8
B - A22% Hamilton (1989) fF: + DU (1) EE T2 & WIRAE TR BER(E £,
FERAERATRL 0.5 (ERBISHRIEEINE » EIRRET R BRI SRR 0.5 BERllciiis) - S,
Sl o BRI A 0.5 1 » BB > 5= 0 -

BRGNS - BT R WIRSERIE Ry ESL - HLARE B T - (R
S AR R MR P E PRI - U T I Ry 265 T - S I -
PRI (8 SRS, » TSR /7 750 R B 7 558 » DRI R 8 FE 1 5 B 155 -

& 5 Logit @5 - GRIEMISIRENE 2R EMEZ (1981-2008)
prob; (s¢=1)

B In I prob, (s,=1)
Constant 0.605*** 0.585*** 0.578*** 0.539***
(5.184) (5.030) (5.017) (4.526)
D_ IRy 0.692
0.217)
D_L_PCGDP, 0.717
(-0.174)
D_UR 4 1 21197
(2.075)
D_MEl 4 0.316
(1.165)
Log Likelihood -215.824 -216.618 -214.390 -215.823
Si(a) R 19 SEEE b R 5% HFEE I ¢ 5 R (0% LFSE FE

(b) $EFR %t B o

A ~ FNEBIRARE TR EBARNRER
ANERR BRI SR A L AR RS S BRI RIS R (MS-ARX) » i
— B EERI ARG MR EHRICRAINR - IRASI E R H I —FERRE BT
LEAFGRRERY - #R MR RDE SRERGE A B T BB RIIIRIRBE LR o KRR
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PR AR RUAE Ry PR A8 RS ] Rl By LR - PR I B ARG R -

— ~ RERBHER AR E

FHM AR IRF A PP 1) KL BRAT < BORR B A B SARBR E ST - SSLIRIR
o PR B ik S A5 TR B R 2 75 RLRIER R 0% > BOE R RANZR 6 AR + IHSR B fh A8y
A ELIEI BB R o

* 6 FAREFRE - 1981/1-2008/12

EERRER F-Statistic Relation
D_L_PCGDP and LR

D_L_PCGDP does not Granger Cause LR 0.013 (0.911)
LR does not Granger Cause D_L_PCGDP 2.306 (0.130) X
D_IR and LR
D_IR does not Granger Cause LR 0.754 (0.386)
LR does not Granger Cause D_IR 0.030 (0.863)
D_UR and LR
D_UR does not Granger Cause LR 1.745 (0.187) X
LR does not Granger Cause D_UR 0.112 (0.739)
D_MEIl and LR
D_MEI does not Granger Cause LR 0.005 (0.942)
LR does not Granger Cause D_MEI 0.036 (0.850) X

L BT BB (ARX)
AR R RN R s

LR, =a,+a,LR,,+a,LR,+a,D IR, +a,D L PCGDP,, + (10)
asD_ UR, ,+asD_MEI  + ¢,
Hrh o o, BefliE ORI o LRy ~ LR, 53 R K&t — FHBARIHARIIRIR SR © &, RydRA20H -
HERBIHCE FAHTFTL -
FRMEE R E RS ARG SR ANZE 7 o - BRI ~ Y — BRI SRR SRET Ty 1E
HER B BRI A BERE o FR R AE BRI RS A DYl A5 4 1 g i Bh » [K] G RF 1984/5 ~
1992/5 ~ 1998/5 LI Kz 2003/4 3% Fy i Hes8t8ian | -
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LR, = ¢ Dgsars + 1 Digors T o Dygogrs + A3 Dogozs T A4 LR+ s LR, +
a¢D IR, +a-D L PCGDP,+asD UR, +a,D MEL, +¢, (1)

’” 7 BREEE ARX BEER

BREl Model 1 without break dummy Model 2 with break dummy
Constant 0.041*** (4.437)
D1984/5 0.081*** (6.646)
D1992/5 0.123***

(7.027)
D1998/5 0.088***
(6.970)
D2003/4 0.098™**
(6.745)
LR 0.622*** 0.504***
(11.499) (8.934)
LR 0.228*** 0.132**
(4.230) (2.406)
D_IR¢1 0.007 0.001
(0.806) (0.101)
D_UR, 4 -0.011 -0.003
(-1.197) (-0.354)
D_L PCGDP; 4 0.012 0.027
(0.197) (0.469)
D_MEl;_4 -0.000 -0.001
(-0.004) (-0.142)
R? 0.670 0.698

i

. (a) *kk ﬂ:%’ 1% 5’]@7]‘):—‘% N .'J:_?\' 5% E'];E-g_?]l"'_% N .'J:%' 10% E"Jg?—’l”é]l“l% o
(b) F5FR %ot & o

s SR 2 S DY {18 R FRE A B A - R SR SR B LA AR 7 TR 1 R [ (R AT Sl R e
R A A A o (B IR RS BN ER B BRI - [RIHEAE ARXBEAUR -
PEIRAR ISR A R BHE AR - HA S IE L R E R U I A G 2B -

= SR G Y (MS-ARX)
Ryl AN ERRE NS TR RIEER R S AR e AR 72 5 - KRB DIRSR I Ry e s i
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17 R PR ST ST - BERUANT R A -

LR,=00,+6 LR +0,, LR ,+05,D IR, +0,,D L _PCGDP,+
Oss, D_UR . +0¢, D_MEI, +e, (12)
Hrh o 0, FofiFHREL o s, Ry AN T BIERY —IUIRRES B - (R 1 52 - e, RydA=IH
et U A b o BEIERTRAER 8 Fik -
FH2 8 WIAN » BR T {EAR MR ER A Y B Ry IRV BRITIHR R 2 4 - HAMAABEE Y
SRR R AT R G R RN 2L ERSS » HAANEHIRRERY B B BN AHE - BRIk / i
TG BRI R R R B HL A2 58 -

ik 8 BUREBRERERSER

LR Economic LR
=2 REE— / Brihin  ARREZ / BEmhis  MKE— /s KRBT / i
Constant 0.023** 0.060** 0.019** 0.060**
(0.007, 0.041) (0.027, 0.095) (0.005, 0.036) (0.028, 0.094)
LR 0.645** 0.579** 0.645** 0.580**
(0.492, 0.804) (0.418, 0.742) (0.496, 0.807) (0.418, 0.744)
LR 0.279** 0.195** 0.289** 0.184**
(0.121, 0.435) (0.029, 0.359) (0.131, 0.441) (0.013, 0.345)
D_ UR4 0.009 -0.037** 0.008 -0.035**
(-0.009, 0.027) (-0.072, -0.004) (-0.009, 0.025) (-0.069, -0.003)
D_ IR¢.1 0.027** -0.001 0.024** -0.001
(0.008, 0.047) (-0.026, 0.023) (0.004, 0.043) (-0.025, 0.023)
D_MEl;_4 -0.003 0.007 -0.003 0.008
(-0.009, 0.004) (-0.008, 0.025) (-0.009, 0.004) (-0.007, 0.025)
D_L _PCGDPy4 -0.088 0.070 -0.059 0.051

(-0.291, 0.123)

(-0.148, 0.297)

(-0.252, 0.143)

(-0.152, 0.273)

E_LR 0.303 0.267 0.294 0.255
D 4.944 4.786 4.999 4.733
Std 0.019 0.046 0.019 0.044
P11 0.798 0.80

P22 0.791 0.789
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Chi-Squared(1)= 146.52 with Significance Chi-Squared(1)= 147.39 with Significance
Level P < 0.001 Level P < 0.001
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Summary
It is widely believed that the property/liability insurance industry is characterized by a

repeating series of market conditions, known as the underwriting or insurance cycle, often
measured by accounting profitability. Similar to business cycles, underwriting cycles consist
of alternating phases of hard and soft markets, which can create problems. On the one hand,
high prices and restrictive underwriting in a hard market may disrupt the flow of goods and
services. Thus, consumers may find insurance unaffordable or unavailable. On the other
hand, although consumers may benefit from the soft market, it may cause insolvencies and
create social externalities if insurers price and underwrite too aggressively. Consequently,
policymakers and economists are interested in the factors that influence insurance cycles.
The main purpose of this paper is to analyze the underwriting cycle in Taiwan's private
health insurance, and to discuss the variables that influence it.

A substantial body of insurance literature has been developed to explain the causes of
insurance cycles. The capacity constraints hypothesis, assuming that the insurance market
operates irrationally, argues that capacity or surplus is negatively correlated to the
underwriting margin or profits. The second explanation, which is related to the rational
expectations/institutional intervention hypothesis, suggests that the underwriting cycle is
created by external factors and market characteristics. This theory shows that there is an
inverse relationship between interest rates and price because premiums are determined by
discounting the expectations of future losses using a risk-adjusted interest rate. The third
explanation focuses on a different financial approach to insurance pricing: an insurance
policy is viewed as risk debt; while the premium equals to policy expenses, plus the expected
present value of claims, adjusted by the risk of default. The value of the bankruptcy put
decreases in the firm's surplus and increases in the variance of losses. It thus follows that

price increases with the amount of surplus and decreases with the variance of losses.
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These theoretical hypotheses have attempted to explain the insurance underwriting
cycle, yet empirical studies have not fully reached a consensual estimate for determining the
exact cause of the underwriting cycle. One possible reason is that, although there is indeed a
relationship between the loss-ratio/profit-margin and the economic fundamentals as
predicted by many theories of the underwriting cycle, nonlinear factors involved are not
taken into account. The conflicting results documented in the literature warrant a further
examination of the robustness of these findings using different and probably more
appropriate econometric techniques. This paper diverges from the literature in that it
proposes a Markov Switching (MS) model with two regimes representing soft and hard
markets to catch the cyclical behavior of the underwriting profit margin.

Contrary to previous approaches, we employ the MS model, which is flexible and
features a mixture of two or more distributions. Dynamic models with MS have offered new
perspectives in many economic areas, such as macroeconomic fluctuations, the behavior of
foreign exchange rates, and real interest rates. The advantage of such approach is that it lets
the statistical properties of the data suggest the regimes presented in the series without
distributional assumptions. In addition, it also allows the identification of the probabilistic
structure of the transition from one regime to another so that the soft/hard market can be
identified. With regard to the case of the insurance underwriting cycle, one can expect the
transition speed from one soft market regime to another to be much faster, since the onset of
the crisis, the rapidly decreased insurance supply, represents a major regime shift. It is
natural to think, therefore, that a MS model would be especially appropriate to capture the
features of the data. In particular, MS autoregressive processes in the loss ratio are
interpreted as being stochastic underwriting cycle models, where soft and hard markets are
modeled as switching regimes of a stochastic process. The regimes are associated with
different conditional distributions of the loss ratio for each regime. Within the framework,
the approach solves the actual marginal likelihood function for the loss ratio and also
maximizes the likelihood function with respect to the population parameters. Furthermore,
as a by-product, this approach allows us to calculate the optimal inference on the latent state
of the economy by assigning probabilities to the unobserved soft and hard markets,
conditional on the available information set on the observed behavior of the series. The tests
and analyses of the underwriting cycles are performed in two stages. We first investigate the
existence of the underwriting cycle during the data period by AR(2) with ordinary least
squares and by MS regression. In the second stage, we analyze the causes of the

underwriting cycle under different regimes. The relationship between underwriting
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profitability and the variables associated with the capacity constraint and interest rate
hypotheses is examined using both linear and MS regression. The significant results obtained
from these two regression models are then compared to verify if the characteristics of the
underwriting cycle remain the same before/after the structure changes and under different
regimes.

The Zivot and Andrews test indicates four breaks in the entire sample period: in
1984/5, 1992/5, 1998/5 and 2003/4, respectively. The dynamics of the underwriting cycle
before/after these breaks exhibit distinct differences. The empirical results show that, except
for sub-sample 5 with cyclical length of 5.44 months, there is no AR(2) cycle for the rest of
the sub-samples as well as the entire sample period. However, the cyclical behavior can be
captured by the MS model with the two regimes representing the soft and hard markets in
Taiwan's private health insurance market. Regime 1 represents the period of soft market with
low variance. Regime 2 is characterized by a higher variance relative to regime 1 and
represents the period of hard market. In addition, this paper compares the results of the linear
and the MS regressions to explore the reasons for the variations in loss ratio during a regime
shift. We confirms our hypothesis that the variables affecting the underwriting profit margin
differ substantially across the regime switch. For the soft market described by regime 1, we
find a significantly positive relationship between loss ratio and interest rates, which
coincides with the hypotheses of fluctuation in interest rates, rational expectations, and
capacity constraints. However, we find no such evidence for regime 2. In contrast, while not
significant in regime 1, the relationship between unemployment rate and loss ratio is
negative with high statistical significance in regime 2. This implies that the insurance market
behaves differently in the hard market and soft market phases of the underwriting cycle. In
other words, there is a regime shift with different parameter values governing the
underwriting profits in different phases of the cycle.

Despite the observations that the insurance market may behave quite differently
between soft and hard markets, there are few empirical studies in the literature on the
behavior of the underwriting cycle. The hypotheses regarding the underwriting cycle in the
literature cannot be fully explained by the linear model, because the latent state variable is
omitted in the regression. We demonstrate that the MS regression model is well suited to
capture the distinct characteristics of the loss ratio under different cycle stages with
estimated time-varying parameters. We argue that the MS is well suited for rational
expectation applications, in that it does not require the initial regimes to be predetermined.

The model is conceptually appealing, because over time the variable of interest, such as the
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accounting profitability measure of the underwriting cycle, is regarded as having a certain
probability of switching abruptly between two regimes. Moreover, MS incorporates less
prior information. A filtered regime probability in an MS model can be interpreted as a
transition function which is estimated flexibly from the data. We can relax the ex-anti
assumption, having the regime shift determined by the maximum likelihood ratio calculated
by the estimated underwriting profit margin/loss ratio, which fluctuates over time. Through
the MS model proposed in this paper, we find that soft and hard market regimes are
characterized by different parameters; hence, no single hypothesis can explain the whole
underwriting cycle process because of the regime shift. The mixed empirical results in the
literature may be because single econometric model cannot deal with two distinct dynamics
of the underwriting cycle. The motivation for this paper stems from the fact that an analysis
of the underwriting cycle without distinguishing different regimes may not reflect the true
relationship between the profit margin/loss ratio and relevant variables. An analysis of this
relationship in different regimes can shed new light on the explanation for the cause of the

underwriting cycle.
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