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SAEUS 0|8 MY AHY 28| K572
EEREE:ERE

Ao By AL ez gt vAdd A9 ARCH 289 573
& AASE BAEY vy ZAAE g ko] 2Eagof oig A4 g wjagt.
ol il By B4E FH: WP EALE £X AP /HHE BRE A ¥
quasi-score 2 A FTE o] 43 FAYN EHAE 2T QA M quasi-score £ T
Z o4 FHYE ASUTH A B5E o185 AF70Y AFAAE v
ntAgog 48R BIRAG AR E o]43to] AA oA EFE Foted AL g

F940]: ARCH B3, quasi-score $ 384, M quasi-score £ &, TAHE A&7,
REEY A&7

1. M3

NAE 28 3 AY AAG EYE2 4A AAE AA5So viax 2 Ao g2
Q77 ol Rl A ot AR WIS KT AAY A A BERA de 2
g5 A AstA goia g8 A ‘ilE}(Tong,lQQO) A Y RYols FAY Y,
BE A5 A7)3 A (RCA)E Y (Nicholls®} Quinn(1982)), A AH7]15 A (TAR)E & (Tong3}
Lim(1980)), 28] 1 Engle(1982)¢] AR o4t 2H7] 5 7 (ARCH)Z 3 5 o] Ut <] &
#2YEL IVAoE SH AREHY BEUN 5 FA AAY Hae o3 2y
< 98 B33 A7 Yok AlAE B oA M F2T He FAY #AFGRL
2HE vl & d &3t Aot n g AE3H7] AslAe BIGN AFE YL 5
3 2 2ol ERF] e B4E 2RVOZA RS 2 & ATh H2AFEE
He Yudoz Bxel AHGo E4E 2HT £ AT WolH $48 £340lT
SERAYL HAALEAN ERFHO) L UZAATE FANLE Bo) o)&F1: Aoy
duid oz AFEEE ARselol Brhe Aol 2@ AFzAL REch WAY A7
9 Aol Bl e AR T 5 %7} wol w4t 53 £x /1A
o] @A g EATE ¢1 e APl FARG 2L A4EE e U F
% Y o] Wedderburn(1974)©] A ¢+t quasi-score —.—75,‘ B4 E o] L3 Aotk EE AA
* B @re o4 Aps BIFAG A doist 24233 x4 ¢ 7(R05-2002-000-00800-0) 1) ] s
+HE YD AFA4Y AT 200295 $ENRL 7)1 238 74 (BSRI-02-2) X Yo 45}] AT Hge
1) (361-763) 2 A HE AFA FYT AT 4H48, FHUS At ARFAEY 2
E-mail : sdlee@chungbuk.ac.kr
2) (361-763) FHEE FFA FHF MalF 448, FEUTR AdRS S FEF AT uy
E-mail : kimjs@chungbuk.ac.kr
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oA AL BRREC] AAAHY MRS UEA FE u] Aol TAT AW
E2 oJEAY 2AROE ¢ B 27 7HeAE WESIL ot o) o)A 3
T2 WA Aol 2 AE A9 (Robust estimation) o] ™ o|w] Huber, Andrew 52}
SAGTSE 0] 83 M quasi-score FATLE AL £ Qu) dwrA o2 2175 H R Yo
A o)A EAFE B¢ M FRF| A2AFFAZEY A8 WA 24T H

R th(Huber,1964). 38, o]2|8 FAFE 7HA 3 v|HE 45317 98 Yoz RAE
d AETE 08T 5 ATk B4 A T3 Beran(1990) I3 Ag == YT
Scbucany$} Thombs(1990)°Y 2|8 AR AL S v 243 RAEF |22 71o] Q7Y
Atk & =82 A% 7S BEHA ForA oA EA s v AAE &}
oA 289 X & 7HE3A gotE HE quasiscore FATFE o] 8% FAFA M
quasi-score FHFFE o] 88 FAYo T RYL AT oluf e XY 2 A4 A
FRES} o) AX 7} EAFE B9 o)F A4 REQ A$E U0 quasi-score QB4
2} M quasi-score FHE4§ o] 83t £FFE 73t 2HH BHE 083 2AHE
NEZUNH R2EY S 2He T8t X ] & (coverage)e] A4S vl dln, vpA g
28 FARANN AT AREA AR HHY NAY P 2ty gEA =
2H AL B AR E o]43te] ARCH 29 FFA7 T £33 B4 E o] &5t 2
AR &30 R2EY &30 TPEEE T oF TS vwI B =
9 7L 3 2ok A2l M quasi-score FATTE o] & T FAYT EAE
Z 3849l M quasi-score FAFSE o] 83 AP L AT A F 2 Hake] 23R
EE otR gth A3FoNA £ 2P FE2VT AFRE, o|FAFTEIE UE ol R2E
PYE o] 88 AZ TN TAHA HE o] 88 ASTNE 23] Bt e Q537
ZHg AT AegA A e BARANA AT s 1963d 5EHE 2003 5E7HA 9 4
v} B 7HA 4 AR E 7HA AL quasi-score £ FE 0] G T RAEH S E 7 ZAHE o
E30E 739 FEAYEL vE BASAT B8 M quasi-score 3L o] 43 R
EY A&7 703 2AHE &g 739 384 E va B4

2. ARCH ZH0Me - ¥ ISo2xE
2.1. quasi-score FHZF Y ISR TE
Engle(1982)-2 2 2}9] E4te] A7|H AR H3ts RAR o B4 A7 ARY L A
At 13 2 AR o] £41 A} 7] 3] 7 (Autoregressive Conditional Heteroscadastic : ARCH)
232 o3 2ok 1x 23 o] &4 24713 A (ARCH(1)) 282 oh-&34 2o

Xt = OXt_l + ¢
E(etiFt—l) =0 (21)

Var(e|Fio1) = ap + ar€?_;
@, a0 > 0,i =0,1,2,--,m O Fyy = 0(Xe—1, -+, X¢om) & o-filedolth. 3PS
A&357) £ 16] < 1 olojoF 3ttH(Engle,1982). E& B4}t b7} EA37] ABA =
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a; < 10]ojo} 3t}(Bollerslv,1986). E4F A7} AT o] 2o i3t X, o] AR 7|tf A
s g4k o 2ok

E(X:|Xt—1) =0X1
Va'l"(XtIXtﬁl) = ap + a1€t2_1 (22)

2831 ARCH(1) 28l A Y quasi-score 2R TS E ok 2th

Salt) = Y e 23)

LA S, (#) =0 < W= 3} quasi-score A F2 th&3 2t}

b=y (i )n( Xiy ) (2.4)

= ao—i-alet 1 ao+a15t 1

gebd 24 %] U FVREE T2 ToH(AE Y 5, 2003)

NS
vn(f, — 0) N(O,E{ - ]> (2.5)

* _ - 6t(a) )
Sp(0) = ;UH <——Oto g Y2(X-1) (2.6)
A7) A €(0) = X; — 6X;_1 oIt} S%(0) = 08 TE 3} 6,2 M quasi-score =R o] M
quasi-score5= 73 %bﬂ i3t FREEE S H B A G 5, 2003)

(=2

(2.7)

3

SR ) N( Bl (e0(0)/ (o0 + onch 1>>wz<xt_1>122>

[E(a¢1(ee(9)/(ao+°‘1€t V) 2 (Xt 1))]

A7|A FATT ¥, (G = 1,2)= 4¥bE 2 2 Huber, Andrews, Hampel, Tukey 38 o] &
ot B =29 AlRgold 47+ FAYSE HuberE4 g o] 3140}

-

3. RAEHY o572

[

NI

A2 o B2 AL BT e B2EY YL Efron(1979)9] 28] A& 274H %
I o)F RAEY o231} § 8o FF u}% AFEC] o] F A gt AAGARAME
2ERE o] §T AFHFLE 73t A B oj A o) 45 AFAHE #AE + Aok
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222 =1y
BrAEY ¥}y ol2t Z]" BE2ZE 593 2§ 2% (Probability mass)Q 1/ng& F0] 73

74 ¥ 2 (Empirical) 2 FEEE Fo,(z)8 vAY B2 JAAAA BAZY 42 F
At 1Yotk B2 E“—él FRAZERRE R2EY AT TE F3= HE2 o9 7t
A7} d=d YEA QA AEL SB, PB, STUD, HYB $0] glon 2 dFoN& PBYYES
AHgEHgTH RAaE Y] vy & fde 2R g3 BEXE /HARA gevke A A
E2RH AH FAFE 7 5 A= FHo| At

3.1. 2AEY HX}

B AFoA a3k B0 wel o &7 2EE &S AR A%
o BEE BEAFEE, FALEET Y EAFER(LEEAS5, 285 0.05)F 713
gon AZEY o= SAS/IMLES AHE3HATH

[step 1] ARCH B3 &4 24
_9_1}- L\:]."I"(elye% ,eT)% Bé"‘gs}‘:ﬂ ARCH E‘%% D;}—E—“f }‘] 7—‘“% ‘d“/l: (X1>X2) Tt

Xr)2 AAgc) 24" 42 BE quasi-score 54 23} M quasi-score 4 g L3t}

[step 2] 543 A A
N AL F4 258 239 quasi-score 33 7} M quasi-score 38 FO 2 23} (71, 7, -
Fr) S F3t3 o] 8 %43} centered) 3},

zlr—‘

7y =y — 7(),

[step 3] RAEY BE A
FA34 A4S °]-/]—r-%"'5]'°q R2EY B2 (X7 )& 4T o] EBH MESH F

g RegrlAl 2L oz AEA

[step 4] X 2= o 273
RYH X253 K8 (T+k)AZNA 100%(1 - a) AZ77He 3EH L2EY

g wuet @ o (L;, UHE FOIA L, 9714 Lig U & B3 2

i*
* . ¢ * . (04
Ly =u.)(i)k,'L=B*100(§), Ug =W(i)k,'L=B*100(1— -5)

3.2. LAY WY
HAE AASEEQA AR(1)-ARCH(1)E A A ZAA ] Wi BA2ER Y & o]
3o &) BEAE vl EH] §135 B T3] & (Mean coverage)E o83 th A}
48 B29 £ T = 5000t}
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LAYy ER BEERFER ol ZATEE
Nominal method k Z AR HArey 2AHE RAEF
Coverage Mean S.D.of Mean S.D.of Mean S.D.of Mecan S.D.of
Coverage Coverage Coverage Coverage | Coverage Coverage Coverage Coverage

0.8 Q 1] 0.7987 0.0603 0.7700 0.0669 0.7228 0.0914 0.7941 0.0862

2} 0.8016 0.0727 0.7683 0.0818 0.6888 0.1225 0.7890 0.1117

3| 0.8037 0.0975 0.7602 0.1040 0.6842 0.1509 0.7934 0.1394

4] 0.8017 0.0976 0.7580 0.1056 0.6855 0.1512 0.8004 0.1363

5 0.8033 0.0979 0.7587 0.1061 0.6824 0.1530 0.7994 0.1375

6| 0.8051 0.0992 0.7514 0.1065 0.6786 0.1531 0.7980 0.1350

M 1 0.7986 0.0603 0.7700 0.0668 0.7229 0.0916 0.7944 0.0867

2| o0.8017 0.0727 0.7688 0.0810 0.6892 0.1222 0.7897 0.1100

3] 0.8037 0.0977 0.7699 0.1041 0.6844 0.1512 0.7937 0.1385

41 0.8017 0.0978 0.7576 0.1062 0.6858 0.1515 0.8006 0.1360

5| 0.8035 0.0980 0.7595 0.1057 0.6828 0.1529 0.7990 0.1383

6] 0.8053 0.0993 0.7506 0.1065 0.6790 0.1530 0.7986 0.1354

0.95 Q 1| 0.9449 0.0336 0.9256 0.0410 0.8532 0.0741 0.9444 0.0467

2| 0.9500 0.0377 0.9301 0.0482 0.8452 0.0877 0.9497 0.0365

3] 09472 0.0582 0.9272 0.0698 0.8378 0.1203 0.9456 0.0645

4] 0.9469 0.0553 0.9256 0.0682 0.8391 0.1217 0.9570 0.0662

5] 0.9474 0.0568 0.9359 0.0711 0.8369 0.1233 0.9570 0.0682

6 0.9476 0.0599 0.9369 0.0706 0.8350 0.1222 0.9571 0.0671

M 1| 0.9448 0.0337 0.9261 0.0415 0.8532 0.0742 0.9446 0.0471

2{ 0.9500 0.0377 0.9308 0.0484 0.8454 0.0877 0.9467 0.0358

3| 09471 0.0584 0.9271 0.0700 0.8379 0.1204 0.9449 0.0675

4 0.9469 0.0554 0.9260 0.0685 0.8393 0.1217 0.9572 0.0658

5| 0.9474 0.0569 0.9360 0.0709 0.8371 0.1234 0.9571 0.0686

6 0.9476 0.0601 0.9397 0.0716 0.8353 0.1223 0.9568 0.0675

0.99 Q 1| 0.9860 0.0147 0.9792 0.0207 0.9156 0.0579 0.9872 0.0202

2 0.9896 0.0135 0.9873 0.0162 0.9190 0.0553 0.9856 0.0062

3] 0.9865 0.0280 0.9830 0.0345 0.9106 0.0890 0.9802 0.0207

4] 0.9867 0.0256 0.9831 0.0320 0.9116 0.0918 0.9829 0.0229

5] 0.9867 0.0262 0.9826 0.0332 0.9100 0.0940 0.9930 0.0256

6] 0.9863 0.0305 0.9827 0.0350 0.9084 0.0951 0.9831 0.0247

M 1} 0.9863 0.0147 0.9794 0.0201 0.9156 0.0579 0.9872 0.0205

2| 0.9896 0.0135 0.9872 0.0174 0.9191 0.0555 0.9855 0.0066

3 0.9865 0.0281 0.9835 0.0337 0.9107 0.0892 0.9832 0.0227

4 0.9866 0.0256 0.9828 0.0329 0.9117 0.0918 0.9826 0.0236

51 0.9867 0.0263 0.9824 0.0341 0.9101 0.0943 0.9826 0.0289

6| 0.9863 0.0309 0.9827 0.0362 0.9085 0.0959 0.9832 0.0241
B394 BE vlo] @ AFo) REAFELEE B2t AL 00%,95%,80%] 2
Z &N quasiFFH M-quasiFZ o] Aol 7h glon, Aoz ZAE &7
o) RAEY o FFARG AUY A2 TFLE RETH WA, LXYo] JFASEEE
= A%E 99%,95%, 80%2] BE Z3u] 8ol A quash—’gii} M-quasis=% o] o 7532}

Puge vglon, So RAcg ol &7 7ko] A E3hago] YolA ZAHY o &
o S B
A9 28 FHSE ZAH AZ e B 2L 2 X9

oo IE, = i
U

i“ﬁm

ER I E T b
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R2EAA A5 k7t FL5E
AW 3gNAe ¢ 5 ok

A

e

AZBAN 282 AN BAFAA AT 19639 5238 20033 3¥7HA Q) 4n|A &
RS F F ASFE ol 83

I8 41004 B npe} Zo] 28z} BUA ol i3t AAEE 18 & A3 A 7}
AL NEINA G Ao YR} HAE BP0z Ao HAsy, =3 F7 FA
E RFy Qonz o) AFE ARF FA/ A Ay RS LML AY3t= Ao] F
ICa-ia=d

100

80 1

60

ex

40

20

o

100 200 300 400 500
time

18 4.1: AR BAAAS - 743 (1963'95€-2003359)

wetA EAQ S4 71X SASS] AUTOREG ZE2A| A& o] &3te] 2:te] #}7)
AR AR X9 o]EA AAS B3 vlAdY AAE EFA ARCH 230 F3)
Rzt ok =3 o] Yol th3) quasi-score 3 F} M quasi-score 3 FS 44 A&
3l B4 2 A Y 2YPAAYL I} F ZAE S0 R2A2EY &7 EEAHE Y
23T Soh AFEAo A= 19633 5L R E 20023 1297129 AR E o] &3MA B
€ UHED YH R ARE o] 8HA 2A A AR E +FIt

4.1. LB

2P 41949 A E B A7 yearE AHATZE b FHAEF BFA 7)1 SAS
2} AUTO REGE A43td o3 22 FxE £43%
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AA ARPoR APANT 238 ¢ tHe Durbin-watson H B2} 7 EE
0.00012 2x18e] A/ AA#] 2ATS & F AN, e ZFE oJEAE 4R E QA
A9 IMEIZEA $F)AARE A3 B o= 2 22 AR(1)-ARCH(1) 23 o2
A 9 2HF Q)

yr = —0.7681 + 0.002743 x year + €

¢ = —1.0046¢; 1 + 11

v = \/h_tet

hy = 0.0599 + 0.5436v7 , (4.1)

=Y
4.2. 4324 2

90%¢Cl & F2tel 3% vifAIRF 1Al A oA quasi-score AT SFE o] &8t TAF | &F
73 R2E &7k 23]l & AolE HolX & ot ugiA At 24 Hol A=
quasi-score A G+ & o] &3 TA} & F 7 X EF H]-§0] 08978302 M ZHEE B
Aot

95% o &7 7+2] AS v A A} LA Bl RAEH &1
T 2R ER T ZFEE BAch 9% &7 A% 1)
Y A&7k £gu)-&o] 0.9890 W 1*} off 27 zke] T3 v &L 0.952 4 FFEA
HAreN2 o)L A7 42 e & 4 Ut T3 quasi-score =TS E o] 83 A
2} M quasi-score &5 E o3t é»}{ of 2 xol& Uit

of T W&ol 2A} )%
AR LA H N RAE

=
Al

o

£ 4.1 v A5 o & 77 £l

o)+t Method k| ZAA | R2E
0.90 Q 1] 0.82085 [ 0.82554
2 | 0.89783 | 0.84144

M 1082085 | 0.82942

2 | 0.94743 | 0.90598

0.95 Q 1| 0.88665 [ 0.91132
2 { 0.95534 | 0.95086

M 1088665 | 091132

2 | 0.97785 | 0.97206

0.9 Q 1| 0.95707 | 0.98497
2 [ 0.99144 | 0.99784

M 1095707 [ 0.98349

2 | 0.99452 | 0.99809
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5. A2

HAY AAD RPN AT E 0] 83 FAH A&7 B AF 3= o2
2ok AR ALY MEAS wEA oA £ 7R 4+ e vAddg AAd
Az oA BgH Bito] dEA Jdu BAito] HFY T2 o]FojW ARCH 23S 118
@ o} B E3 574 F2 quasi-score F o} &gt A 7 T Ao Huber HAZT
& A23 M quasi-score 2R+ E o Holl &3 YL o] 83t RYS A
Aot

AR, 2o AR A3}, ARCH B A quasi-score F 3 1} M quasi-score 73 F& o]
43l A" 2Y o2 A7 ZA & F N RAEY d&FHE 23t AA oA
E3)EE F3A Y A&7 7o) 80%, 90% 5o A= A ol &7 7o) Wig 29 A
g Qo] &L ¥y, 95%, 9% MM e R2EY A&7 0] thd TFu)Eo] Bk ZHEAo
A2 ol 2 AL2 Yelth 1284 quasi-score FAFE ©] 8% EF 3} M quasi-score
FAEE o83 RPNl E BEAFEER A+ FA017 e WY o] FAFREL
A$E ZAHE & T A M-quasiF A P& ) 8HS W A& F0e] Bt FFYP

ER, AZATFEA AuR} EFFASO Ui AAIGEF R v AAE 23
AR(1)-ARCH(1) 28& AFAZt. &7 quasi-score FAHH T} M quasi-score 33 o
o3 E4E FAINAN FAH EFE ol £3t] 4HA RPoE A ST R
EY S0 EF uEE v 29 4o AT 2T uAVA R ST T
90% N M v A E 22 AN A BAEY o &7 R SR ZA G F7T0e] 27
H]-go] o At 95% 9% A&F oA & vl AIE IAAN A R2EHY &
Zte] 2 vl go] ZA G F 7RG o FEEE ¢ & ATk

r-|m
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oo
]
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o
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Ik
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Prediction Intervals for Nonlinear Time Series Models
Using the Bootstrap Method *

Sung Duck Lee V' Ju Sung Kim?

ABSTRACT

In this paper we construct prediction intervals for nonlinear time series models
using the bootstrap. We compare these prediction intervals to traditional asymptotic
prediction intervals using quasi-score estimation function and M-quasi-score estimating
function comprising bounded functions. Simulation results show that the bootstrap
method leads to improved accuracy. The accuracy of the bootstrap is empirically
demonstrated with the consumer price index

Keywords: ARCH models, quasi-score estimating function, bootstrap prediction interval

* Dr. Lee’s work was supported by grant No.(R05-2002-000-00800-0) from the Basic Research Program
of the KOSEF and Dr. Kim'’s work was supported by grant No.(BSRI-02-2) from Chungbuk National
University.

1) Professor, Department of Information and Statistics, Chungbuk National University, San 48,
Gaeshindong, Cheongju, Chungbuk, 361-763
E-mail : sdlee@chungbuk.ac.kr

2) Professor, Department of Information and Statistics, Chungbuk National University, San 48,

Gaeshindong, Cheongju, Chungbuk, 361-763
E-mail : kimjs@chungbuk.ac.kr



