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X; ~ G(z;u1,01,7), i=1,---,m, X; ~ G(z;u,09,72), i=m+1,---,n. (2)
AR @1 = (w1, 01,m) FIAE G @2 = (u2, 00, 72) REEARGE. HELUR G 22

sup [ 9(Xi; ®o)

Zn = | nax 1(—21nAm), Ht A, = _ By i=1 ] |
<m<n sup [T g(Xi;®@1)sup [ g(X;; P2)
P =1 By imma1

BAR, A <10 HIEA R m* RAEBUER, $BFE A, B/, A Z, BRKBETE4
Hy. MAh

max (—2InA) = max (2(Ly(®1) + La(P2) — Ln(D))).

1<m<n—1 1<m<n—1

Hir @, M1 &, 5@ SR REF X0, X0 H X, -, X0 5 X0, X, (IS5
i, L RXERISR R AL



556 VAN I G S 44%

fifepe FRRIS MR TG Z, 4 Ho TR, 5 Z, B Atk 3],
HUFE T -3 T /0 A 37 A CRAR IR B, T8 EAAR T, XS R BR /47 E 1R
s Y. {Ex GPD S, WM EXEES {v:2 >0, 1+y(@—u)o~! >0} I
R R ZHA R, FIBHBARTE Csorgo &5 23 dr C.4 il C.5 B MR &SR0,
T B A BRI RBE . A, Jext GPD fifln 25045 #e.

HREEy<OFF. 20 =u—0y", B=(—y0 ) FMa=—""1

g (20,0, 8) = aB(0' —x)* (0 B ) <z <),
I() HREES. BAY =-X,0=—0, 14
g(y:0,0,8) = aBly — ) (O <y < (@+57°)). (3)

¥ g R 24 9— B, 0 € R, (a,8) € U C R FEAEXLTXEUR I B AG T
JFEH (O, Ak, Br), WEJE [24] WRPR B S, FIA 21 F 459 0T

Op — 0o = 0,(VE),  @r—ao=0,(Vk), B —fo=0,(Vk)

E Xy = Oplar) BARMEREN € > 0, FF7E K., 00> 0, 4 k > K, {fifg P(|24] > 6.) < e
L, B AEE N X = O(ar).

FET(3) K, OB (2) Fedfe o an T A e 1R -

Ho : Vi ~ g(y; 00,0, 60), i=1,---,n. vs. Hy: FFEEme{1,2,---,n—no}. fFF

}/iNg(y;elvalaﬁl)v izlv"'ama }/iNg(y;HQ,QQ,ﬁQ), Z:m+175n (4)

B EENETIE €1 = (61,00, 1) Fl B2 = (02, a2, B2) KRH, B0 = (0o, a0, Bo). MBI

Zn= /] max Z, = max (—2InA,,).
1<m<n-—1 1<m<n-—1

3 GPD T S1EEIRFR MR

TR, NRE] Z, WML AT, XERERE 9(y: 0, . B) MRHEBEAT AT IE.
EI& (3) AR R %L
k k

Li(®) £ Li(®; Y1, Vi) = 3 Ing(V;;®) =klna+klnf+ (a—1)» In(Y; —0).

i=1 =1

5 [24] R, TTRES: % > 2 BF, 4E &y = (B ax. By), 78 2@ _ o g



441 W58, WAL X Pareto 4378 BRI ISR HUAR AL 557
S XFRAUSRBREL Li(®) — B K15
OLy(®) e~ a—1 6Lk
a0 ;1@—9’ - +Zln
8Lk(¢’) _ ﬁ 82Lk(¢)) _ _ﬁ 82Lk( ) _ _ﬁ (5)
o3 B da? a?’ 032 52
82Lk k o — 1 82.[/]9 k
902 ; aoaa ; Y;
it M g B, T
mgg Moo M3
M = mae Maa maﬁ )
Mgy Mpa  Mpg
TCEHH
_ . [0PIng(Yi @) _ . [9?ng(Y; @)
Mmoo = _E[ 962 } mﬁﬁ__E[ 032 }
o L 9Phng(Vi; @) 9 lng(V;; @)
Mep = Mpy = —E{W}, Maa = [T}
L o [0%Ing(Yi; @) P lng(Ys @)
m“’“_m“"__E[ 900 ] maﬁ_mﬁa__E[ 9adj }
MR 1KY, Y MOLFE A PR R g(y; @), B
1.1) XFr, >0, 0
dIng(Vi; @)1~ , 0 Ing(Y; @)1 ,
ET} <oo, r<ao; E[T} < oo, 2r <a.
1.2)
OL(®)/00
TRDNT —0(1), 6
Sllip vkInlnk S s (©)

1.3) ¥2<a<4Bf, EEre0,1-2a71),FH

(1 02Li(®)
K (E 902

2o > 40, MEZ re[0,0.5), ERXERER .

lim

k—o0

+ mee)

14) () XFO0eR, p>0fMa>3H EY -
—0)7" <oo, r=1,2 fEE/He>0,

b)XFOeR, >0f2<a<3, HEY

=0, a.s.;

0)"" < oo, r=1,2,3.

k
Z __9 o(k3/ (In k)3(H/ate)), a.s. (7)
i=1
L5) £ Ho T, fEE/he>0F
(1 - g; :Z)_l =o((nk)'*),  as. (8)



558 AN S 44 3%

& 1 as. (almost surely), RS54 {khjilo Xy = X} RAMHR P{ i Xi = X}=
1,i2H kh—{I;oXk =X, a.s.;
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#Fr' <o, k(Yny—b)] ' = o(KY™' 1), a.s.. T [Yqy—0]"! = [(3/(1)—90)[1—%]]_1,
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& By = (0g,0,B9), 09 = 0o + xedk, g = o + Yo, Al Bo = Po + ze0k. HTF |xe| <
1, |yol <15 |z <1, |0 — o] < Ok, |vg — 0| < 8k T | B9 — Bo| < Ok, HH LG
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y 82Lk(‘1’9) . 82Lk(‘1’0) lasz(‘I’o)
+ k( 900 900 ) y(k 900 oe)
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E( 2003 0003 )“(E 9093 m"")
1 OLk(®o)
ok 00
FrLk, 5
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X e SFAELTHGER A (6) X, HPERR 1.3) SHR 2 WIEHY b — oo B, # M IERE,
il w%—l—y%—fy’“—i—z% <0. BRI 28] M BKRKEEH, Yk oo, F£22+y2+22<1H
fe FAERTER KA, W SR, B8 1.

FIE 2 WEEr Ho<r<1-2a 4 F

o ALk () /00 b1, — 6o
lim ————— [ | 0Lu(®0)/00 | — kM | G — —0, s. 14
koo /RInInk +(®0)/0a PO e (14)
OLy(®o)/0B Br — Bo

ﬂE é\ g]{; = lnlnlnk h’llnk/k, %E‘Iﬂz}ﬁ 27 gkkl/a"r(s N O7 Eﬁj{{u?ﬁ’fﬁi‘l‘ (’ik _
(é\k, akagk), ) Taylor J&JF

OLy(®r)  OLy(®0) N 9Ly (®1) ~ 9Ly (®})

O?Li(®1) ,~
0 o0 ogz Ok —bo) + —5050

(99(950 (Bk _60)7

(Qr — o) +
Hrfr @4 = Ok, ai, Br), |0k — 00| < |§k — 09| < Ok, |k — ao| < |Gk — a0l < Ok, B — Fol <
Bk — Bo| < 0. H

6Lg(;>k) :6L;:3(0<I>0) — k(O — 60)mas — k(@r, — a0)moa — k(Br — Bo)meg
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2 . 2
+ (8%]67690) =+ kmgg) (Hk — 90) =+ (8557(5330) + kmga) (ak — 040)
2Ly, (® ~ 2Ly (® O2L;,(®
(LD ) - )+ (ZE) - LB G,
O?Li(®y)  02Li(®o)\ - O*Li(®r)  0°Li(®o)
+( 9000 000a ) (@ — o) + ( 2007, 90073 ) (B~ o).

B 2@ o iy

\/kliw (8Ll:9(9‘1)0) _ k(é\k — 00)mps — k(Qx — ag)mge — k(@g _ 50)m95)
2 o~
klnlnk( Lgef}k ’ liakg(f)()))(ek — o)
2
VkInlnk (a gga:k . 555?0))@ — )
2
klnlnk (8 gg(;;k ° (19;;(;(;0))(6 = Bo)
klnlnk (a ]ge;}o - kmw)@ — o)
Vkinlnk (8 ggaio + ko ) (@ — o)
- \/mim (82(%;0) +kmas ) (B = o). (15)

X |0k — 0| < Inlnlnky/nlnk

WORFE BT 1.3) AT 2 T“FH? (15) 4%
. k" {8Lk(¢>0)
lim

k—oo \/kInlnk 00

HA meg, moa T mes NEEFHE M 55 —47X T E.

lay — ap| < Inlnlnk,/ ok, 1Bk — Bo| < Inlnlnk ook,

— k(B — 00)mos — k(@x — ao)mea — k(B — ﬁo)meﬁ} =0, as.,
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, ko [OLu(®) .~ ~ . B .
kEH;O AN [ e k(0r — 0o)mas — k(ax — ao)maa — k(B — ﬁo)maﬁ} =0, a.s;
. k" OLy(®y) ~ ~ -~ .
kli}Ilolo kln]nk [ 66 — k(@k — oo)mgg — k(ozk — ao)mﬁa — k(ﬂk — 60)m[35] = 0, a.s.
UEEE.
#ig 1 HEH 1 BRI = (0, ak, Br) 2
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— = 0(1), W
SUp AR ok~ 0l =O0(),as
VE o~
— o(1),
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B 1 g(s50,0,6) M BRI Li(®) FEAEI7F) B, fofh 28] —
X‘T?@ﬁ Lk(90 + 5kx7 Qo + 5ky760 + 5kz)7 é’\ (Ia Y,z ) - (L 07 O)a 51@ RW‘TE/TEIE 1 %#F, *IJ
A Taylor RIF=, BPHERT 2 SHER 1.3) 74H, %4 k — oo B,

1/ 0PLi(®r)  9*Li(Po) 1 /02L(®0) ~
(= ) O —00) =0, (T + ke ) (B — 60) — 0.
" ILk(%o)
. 1 0Lk (®Po ~ B
Jim (=5~ meo(i— o)) = 0.
HIPERT 1.2) 15 ~
lim sup —km99|9k — bl = a.s
k—o0 vV 2Inlnk ’ '
HERIE. uEEE.
Wit 2 WEEfFBOo<r<1-2a"" f
(EERINT e a\T (G-
dm R Zif’«)(a_zo) M 72?520) —k| @ —ao | M| ak-a
ka(ﬁ = 7’5(@ - B — Bo Br — Bo
:O, a.S. (16)

i MIERE, LFEEME QM M=Q"Q, EHiE (16) X HFIE hm qq; =0, Hr

qk:m[i(aLk(q)o) 8Lk(‘1>0) 8Lk(¢)0))Q71

N 09 = Oa T 0P
+ \/E(é\k — 907 ak — Qp, Bk - BO)QT:|5

OL(®y) R
» 8La(6<1> ) 0 — 0o

T T E\FO0 -~
qj = —(Q )~ ~VkQ | @k — ag

Vinlnk 9 =
nin \/— 6Lk(a(1>o) ﬁk - 50

B
2k — oo B,

q
=0O(VInlnk), a.s.
vinlnk ( )

Hi (14) AR lim g = 0, aus., MEEE.
FTE 3 MMEE»r fo<r<1-2a, Y k—-ocoll, H

DLy ()

o0
k™| 2(Li(®r) — Le(®0)) — %(51:1:9(9‘1’0)7 5Lg(a‘1>0)7 5Lg(6‘1>0))M_1 BL,(;(a@o)
OLk(®y)
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AL (28], FI A Taylor JBFF 7L, R 1 MRS 1.3), IEEE.
EIE 4 REME (4), Ho T, MMEE t,a> 281 —0.5 <~y < 0) 25 H

lim P{A(Inn) (x| 21n A](CO) <t+ Ds(lnn)} = exp{—e~'},

n—oo JSKIKKN—

lim P{A(lnn) [ max 2nAy <t+ Dy(lnn)} = exp{~2e""}.

H A(y) = v2Iny, Da(y) = 2Iny + (0.5d)Inlny — InT(0.5d), A" % & = &, %
geit .
i A e 3 45, THETR
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Abstract To detect state changes in extreme events, the generalized Pareto distribution
(GPD) change point detection model was studied based on likelihood ratio method. This
paper considered the testing problem of the GPD change point with three parameters, and
proposed maximization likelihood ratio test statistics. The asymptotic distribution of test
statistic was obtained by proving a series of limit properties of the log-likelihood of GPD after
parameter transformation and the test statistic. We evaluated the finite sample properties of
the proposed method through simulation studies. The case study also verified the feasibility
of the proposed method.
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