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PARIVERS, W50 PDO ¥ WA AR R 46 A BT rb R VRS o o7 B Tl o 81 I e
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GEME AL, 4 3 G0 S R L BB 2 5 AN BRI AT B FOR RAS BT, X 2 B (i
e FHRME, BRI IR AL RS TAIG T s B0k ) — N PR R A I S 4
X S IR I AAE T AR SR 4 R AR A A R . B— RG W
I S8 4 A A T R G AR By B R B ) At R G i 5 KA . HL AT, KR4
HARET N RGN TG DR I, AEF N F 3G 46 (R AT 2 R T4 5 (i
FEMRINED, i A H B AU AR 50 0 R5 BN 58 ) — A E 2207 [ AR
BHEFATR BIG SRR S E 283 ) R0 FIATUEAS 5 07 R R T
K T1. CABEFOR G F2 AR FH T 1B R3S R G5 B A5 5 [
Fe, WG TARGF IR . £1%F PDO MEARFE AR (M 5 2 AR R MEARFAE, AT Se 5 2%
JELR 1 R Gullf S 4 RTINS AS 57X — oL RHA I8, 245G ARG RHE AR %
AR, BT S AR AR BERERT PDO A AH AR Y R P (5 gk
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EHRMER LAE, SHANINR PDO AR M F R FIATEE S, RIET% R
SR /2R T AR 90 AR AT B IS R AR E N E . FII, I SR A
GO A TR} B AR 2RI L T S5 0 sl 5 s I S B DA A A
1 R ARTM K PEBE T T RE . 54k, ASCEXT CMIPS [ 36 ML 1 PDO
(¥ SST #E4T EOF 7-fift, HAHICE BT, fHEAKEH R PDO P41, XAk
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SCRFIE, BRI A A0 H E KR R, (R 20 B IR Rl e R e R 56 BE I
KA R



—_

10
11

12

13

14

15

16

17

18

19

20

21

22

23
24

25

IERERARBSE PDO MHERRET RN EEBHAME
ESMR
& BB FERG BRRE S HE M
1 WEE A ER L, Kb 410118
2 FEAR R ZMNTFRIEHART, =M 730020
3 HEAS G FREZRSFEF L, FERSRFRAET LR E, 65 100081
4 SRR S E AR E, Kb 410118
5 BN KPR SRR AR, M 225002

WE: ACETIEASMIEG, RAXPFHERBRIRG IEE (Pacific
Decadal Oscillation, PDO) AL 14 7 244 (1900~2019 £E) R AR K1 AT
AR (2006~2100 4 , B JGIEIEES) ¢ K afh € PDO A7 ARFEAZ (i [H], i
17 {8 B T 3RAE NG TR A I G0 77 ZE R0 A OC R AL, 9T T PDO AR B AH 4t
MRIATE S S . REH: (D EHEEkRPDO KA T 4 R E M,
TRRALA AR AT 5~10 47T DAREUEI FIATREE 5. (2) JEIEX CMIPS AU fi
A EHTHAS 21 PDO BT Guit-& S 2 AR B4R PDO J741, ka4 SRk
I 7E 2040 F-F1 2080 - 5 R A FARBREEAT, FATHTI 5~10 4 Re0% K I 21 51
(5T  (3) 3 EEMAKEEE PDO FF 7 KNI AREE AR J IR A5 S W FEALE
SEFE PDO KAERIA AR 2 i 77 2 A AR R REUS B T B G TS5, W
7R T RK PDO RIFEHTI [a] o

K#F: PDO, JRLtE, ImAMel, Fei/RAE, BIWHERES
DOI: doi:10.3878/j.issn.1006-9895.2108.20127 445 Pd6T  SCHMFIT A

e A Rk, B, 19884FE L, Mid, LA, TBMFSMGEAM . P RS 7 T BT
5 .E-mail:wuhaophy@]163.com

TiEIREE HEM, F, #Ef, oA, FEMNEESETNPT. E-mail: fenggl@cam.gov.cn
*BERNIE A TAEZE R AR EIEETH (42005058,41675092,41775078, 42005056) i #& H AR
FEIUH 2020005298, FRAZRFA A S (JAM202104) LR B,

Supported by National Natural Science Foundation of China (Grant 42005058+ 41675092, 41775078 42005056)
, Hunan Provence Natural Science Foundation of China (Grant 2020JJ5298), Foundation of drought
Meteorological Science Research (IAM202104).


http://www.gsma.gov.cn/content/2006-12/27762.html

26

27

28

29

30

31

32

33

34

35

36

37

38

39

40

41

42

43

44

45

46

47

48

49

50

51
52
53

54

A study on the detection of decadal phase transition and
early warning signals of PDO in recent and future 100

years

WU Hao'# YAN Peng-Cheng? HOU Wei? ZHAO Jun-Hu?® FENG Guo-Lin 33
1 Hunan Climate center, Changsha, 410118,China
2 Institude of Arid Meteorology, China Meteorological Administration, Lanzhou 730020,China
3 Laboratory for Climate Studies, National Climate Center, China Meteorological
Administration,Beijing 100081, People's Republic of China
4 Hunan Key Laboratory of Meteorological Disaster Prevention and Reduction, Changsha, 410118,
China

5 College of Physical Science and Technology, Yangzhou University, Yangzhou 225002, China

Abstract Based on the theory of critical slowing down, the present paper studies the decadal phase
transition and early warning signals of PDO Series by using the historical monitoring data of PDO in
the past 100 years (1900-2019) and the simulation data of future century model (2006-2100). First, the
phase transition time of PDO is determined by Moving t-test technique, and then the early warning
signal of phase transition is studied by means of variance and autocorrelation coefficient which
characterize the critical slowing phenomenon. The results show that: (1) There have been four
significant phase changes in PDO in the recent 100 years, and early warning signals can be given 5-10
years in advance; (2) In the next 100 years, the study of PDO which is obtained based on the CMIP5
data shows that PDO will have two decadal transitions around 2040 and 2080, and early warning
signals can also be detected 5-10 years in advance; (3) Based on the study of phase transition detection
and early warning signals of PDO sequences in recent and future 100 years, the variance and
autocorrelation coefficients can be detected as the early warning signals of abrupt change several years

in advance, which also reveals the climate changes of PDO in the future.

Keywords: PDO, nonlinear, critical slowing down, transition/abrupt change,early warning
signals
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1 5

PDO (Pacific Decadal Oscillation, X-FEFERFRIRT) £ AFHEFEAUSREE R
I EEAES (Mantua etal,1997) , & ONAER T 20° N DB H#EERIR L 3
J53 53 BT S — RS (RN () FR 2, A WAL AH E 2 18] 0 A b R IUAR SR AE I, WA
FAET, AEACPRERE R IR S W, ALK P AR T PME, R AL
#H (Zhang et al., 1997; Mantua et al.,1997;2002) . 1E A4 ERIEFR IR EIHEN IR
WHIEE KA Z —, PDO AR BMMN EEERRES, HRELIRER
brAF R i on . EENE S22 — ( Davis, 1976; Cayan et al., 1998; Mantua and

il

Hare, 2002; ¥ #%:%%, 2007; Wang et al. , 2008; Birk et al. , 2010) . PDO /2R W&
BRI ), RIE MR E R 30~40 F R G R 25

(Gershunov and Barnett, 1998; Minobe, 2000; | —JC%%, 2018; 2020) . fff
FEH, PDO 5 AMO [FEFEAEAEIRF ARG, JF /& PDO (RN R il e 68
AMO ) 1F 50 $2 fit & i ( Delworth and Mann, 2000; Timmermann et al. ,
2005; Zhang and Delworth, 2007; Okumura et al., 2009; Chikamoto et al., 2013;
Fuentes-Franco et al., 2016; =%, 2017; Linetal.,2019; Zhang et al.,2020) -

PRZLAE (2019) WFFTREY, CMIPS 28U PDO Ji 3146 4 B 2 I B /T,

REAALH PDO HI4EACFRZE 4L . Qian 25 (2014) f&i, PDO H4EJbT-2 £
WEMGMIKR, FFRE PDO CiAHFEAR AT 7 RERS b1 5 0 42 (R} 224k
i

AT, ARk PDO BRI AT 32 B o T HALAR I AR ARBR AR 1 S FLad Jl 1 5

&AW ok T PDO AR EA PRI TG 7T . PDO Xf ENSO. RILE Z=
JRCEL B r [ A R AR AR B ARS8 S35 R IR . % PDO AW A i 46 (1 i
TR 23 A BT o AU R A BT R 28 RANERE, 2003 MIEHESE,
2004) o #R1 T PDO A AREARBR TS K E 2 ARV 72, T B0 TR0
BRI AR K, AR T PDO AL AH A AR B e 4 47 A2 — 0 57 6 MR 4T 55

(MR A 45, 2003; FHEIZE, 2011; Heetal.2016) o K, &R PDO i
FAEA PR AT FATEAS S AL .

U2 E RN RS EA G ARG (BIRSAT NS kA SURIAR L i Ar

B, MHRZAGFRRD , BRGREFE/IRALR, RGN AT —Fh
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RASFEHE B — PR A& (Kuznetsov, 2004; Scheffer et al., 2009; Fisher et al., 2011),
Wt R KA T I S BRI G X — G SRR I AT B AR AL 2
AU, WE RGN/ IS ARG R . SRR, W
T KT SN %% (Venegas et al., 2005; Lenton et al., 2012; Trefois et al.,
2015; Gopalakrishnan et al., 2016; Spielmann et al., 2016 » J— Z 4 (11l A4 etk
TR 2R G AR B BURH DR B 1) oAt R 03 il B RSS2 it/ 938 o NS A
AR B ARSI A L 22 2 U A A LR (R T4, 1993 4%, 1993;
FAEE, 1995; Alley et al.,2005) .

s 5 A A AR BB I S8 LI R 1 K 4, Carpenter %5 A\ (Carpenter et al.,
2006; Guttal et al., 2008; Scheffer et al., 2009, ) W K E I RSk MBI S
A LME R RIS S . 5B E — NGBS, 248 3) )1 RGH —Fh
PEAH ) 53— R A R AR R AR 2 1, RGUEIT Z G s BT, SR I 5 s P 2
WA )T 5L AE T B 23 BBk VE TG, Il o3 IRk V& AN 2 I Ay ik 7 e 1 38
Ko 0 HIER AT RS T R . PRI R ARG, LA A 3 1H A
IREZARNEIL R, X — I G FONIEA (T1%55, 1984) . Marten Scheffer %5 (2009)
ARG ESRGELZ N HLRGI L RGN, 4R G MG &I,
I S8 A I GO S BUR SN 1 b B 3 FhT e R TR (E 5 - SRk = AR
&, BAHXREIE R, TEMAR. 2615 201D #HiE 520 ER A T 2008 4
DOV FE R TUEAE ST, a7s 7 /KSR R RE AT AR 2 1 B R A1 47 1
PO IATEAS 55 TR/NESE (20200 R I F2 40 IR T8 T H 4 e i X (1 3
EA T RUHEES . R (2012; 2013) . Tong %5 (2014) . HiMsfEs:

(2012) #5115 S AL 10 ) T~ rb [ 2% X3 o] B PG R A5 S BT R F 7 485
SRR, ST SRR SR e 3T/ 28 A A TS 5 IR 98 )5 VA A AR 4
(R RMEATIE F PR . X SeHOA LTI SR A BB T 7T PDO AL AH #2748 (1) B Tl
ERSE/ Y N

ER X PDO W AH G AR IR 52 A AR R MR, AR SRR T I S8 A0 R 1 1 A O JR 2
RJ7i2s, ot 3 s W RS SR8 BRI PDO AR 3627 ) L3 T A5 5 gk 4T 1 28
WHITER . &R TS 3 ¢ #3855 PDO I B 55 7 5 WE P AN AR ok B AR A 20
PGB AT AL AR ARSI, 3R 38 0 RAE I S8 40 I R AH RS 4 B, W5
PDO 7 AHFEAR (I FHATREAS =, uER T PDO A AR AR 4T 54— A BT

4
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R ff RO EE 18 Sl o
2 B’RLKRTE
2.1 BH

ARSCHEFAE R T DI SE R AR E 4 PDO BEkt,  Horp g sb B0 k)b 36 B [H 5 7
H5RAEHE (NOAA) Al PDO 8% (1900 45 1 H~2019 4 12 H) . &Kk
FORLE T CMIPS (1 36 MMl (R 1D W ERIRE (SST) ZHkRHTH
20, THERERARYE PDO 15E A FEREA R SST #E4T EOF 7/, 133
% HE PDO; (i=1,2,3, ...,36) FIAH N )2 AR BE M5 AN FAL ) PDO, i3
ATk, Bhifki BARER LN PDOs 5 5HLIE ) PDO: HEAT Ak, 1584k B 4
PDO J¥4. {HARE R, PDO AMUAREALA T SST £E M 8] _E 138 AL RFHIE |
BT AL SST HIZS [IRFAE, Ak, 73 Al AT & PDO; 5 H & 35 4 PDO;
G I REOF 5T, 3B PDO; (2 1A B 2 M50 [F] iR AL 31, U PDO;
P EIAROC REOR T 0.15, FRIBS M K REORT 0.5 (i@ 0.01 1 53
VeSS MR A AR MERRE, 5 21 A4 GGR 1 AkAR) XX e
K PDO; #EAT & G, 152K K [ 48 PDO P

# 1 CMIP5 (1) 36 MMkt

Tab 1 The 36 climate models of CMIP5

Gy ALK i Bl gy AR Gy ALK

1 ACCESSI1-0 10 CMCC-CMS 19 GISS-E2-H-CC 28 IPSL-CM5B-LR

2 ACCESSI1-3 11 CNRM-CMS5 20 GISS-E2-R 29 MIROC-ESM

3 BCC-CSM1-1 12 CSIRO-MK3-6-0 21 GISS-E2-R-CC 30 MIROC-ESM-CHEM
4 BCC-CSM1-1-M 13 FGOALS-g2 22 HadGEM2-A0 31 MIROCS

5 BNU-ESM 14 FIO-ESM 23 HadGEM2-CC 32 MPI-ESM-LR

6 CanESM2 15 GFDL-CM3 24 HadGEM2-ES 33 MPI-ESM-MR

7 CCSM4 16 GFDL-ESM2G 25 inmem4 34 MRI-CGCM3

8 CESM1-BGC 17 GFDL-ESM2M 26 IPSL-CM5A-LR 35 NorESM1-M

9 CMCC-CM 18 GISS-E2-H 27 IPSL-CM5A-MR 36 NorESM1-ME

2.2 ARG
(1) HEMEMERXRRE

5 FE AR REA AP BRI T 908 x MBS PR (R IE B, AR SR R AR ik
Al — AR B A FIN ZIA B A SRR gt & (BRI, 1999) o« ASCHEIE 3T



135

136

137

138

139

140

141

142

143

144

145

146

147

148

149
150

151

152

153

154

155
156
157

FFFI T Z M A MK R, Wi G4k PDO F A AR &5 A
PRE R ERR I (B 1D -

a) WA HE 7 Z: UL PDO J¥FI A1, PDO ¥4t ERN L; M PDO 751
kTS, FRZ AW EIE H, LML RoR: 285 s BURAR RHC EZ ) PDO
THA, WAKERRAEANEK, BLMT #7R; EE ML M MT J&, #diEshi
B2 A KEMFRKF4) L1, L2, L3, Lo, 5 L1, L2, L3, Lo JF
PRI 2, 138 —%FZFH S1, S2, S3, --Sn---o ALIEWBNIHHEH T ER,
¥ ML &R 120 H (104D , MTIEHN3 DA

b) WAt HEMKRE: FFE, LLPDO FAIAH, K TFFHILL, L2,
L3, Lo fEEWEEI—A LT GirfaitaD KES 251175 L12, L22,
L32, --Ln2---, #HFE LI 5 L12. L2 5122, L3 5132, --Ln 5 Ln2--ff
H*ERH, B3 —%MxE2EFVal, a2, a3, an-, ENHERBGHERT
FEF#KE PDO SPH, RULFRZ N E AR R A SCEEM S 5 H A G R4
i, K ML %R 120 A (104E) , MT &R~ 3 AA, LTiEAN 1 4.

L1 / s2
J
L2 ¥ s3
./ (a)
s4
L3 /
Sn
e X /
MT L e n
A IR — —_
L
at
L1
/
T2 L2 a2
ro— (b)
—
22 3
mT L3 an
— > ——
T L32 Ln
.......................... L |
— —
Ln2
L

K1 st BT %, BERREUR=E
(a) WENITH I %, HALl, L2, L3, Lo ARERKEMFER &A% H (ML) , SI, S2, 83, ~Sn- A
PR R DK AR 77 2%, L AFSIEKEE, MT AlaibK: (b)) Wait S MK RS, LIL12),
L2(L22), L3(L32), ---Ln(Ln2) AREKEMFERKEANED (ML) , al [0E L1 A L12 WEHAXRE, o2
R L2 MTL22 M AR R ---on AR Lo A1 Ln2 (9 EMKREL LT Rt &, Ly MT & XA (a).

Fig. 1 We calculated the variance and autocorrelation coefficient by sliding the window.
(a) We calculated variance by sliding the window, L1, 12,13, . . ., Ln ... denote windows of the same length, S1, S2, S3,. . .,

Sn . . . represent the variances of the corresponding windows,L is the total length of the sequence, and MT is the sliding step; (b)
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we calculated the autocorrelation coefficient by sliding the window, L1(L12), L2(L22), L3(L32), ..., Ln(Ln2). . .represent
windows of the same length, al denotes the autocorrelation coefficients of L1 and the L12, a2 denotes the autocorrelation
coefficient of the L2, while L22, . . . the an refer to the autocorrelation coefficients of the Ln and Ln2, LT represents the lag time,

and L and MT have the same meaning as those in Fig.1(a).

(2) 518, BAHRM R EITTER KRR
UARGEIT T IR RS . REEHSHEIL TG S BERN, ER gt
ﬁﬁﬁ%ﬁﬁ%ﬁkm&(&mmmaagm@&mwmmhmw>oE%ﬁ
SRS BN Ac 323880 3h (e, hshd e, PaEiEE
EIRDIRHOCR, KEEE N A . £ NE R E RIS, W DUX PR

A
x,., =ex +s¢, (D

n

Hrpx, EAGRNELRITHSNME R, ¢ MTEESOMPEIE (R4
HWED s AR IR A A AMERF x, » SR RER] fitE oy — B A [

R CAR(D)) -

X, =ax, +se, (2)

Hr, BHKRRB a=e™. XT AR, HHKREFEIE0; MM H MK
BT
S AR(1) 1 REIE R 5 2 Ko H7 -

2
S

Var(x,,,) = E()+(E(x,))* = (3)

2

— MR IE, M RGTE I SR AU I R R, /NI BN A IS R S R
1% (Bence et al.,1995; Dakos et al., 2008) , 4 ARG T IIn i), R HE=E
A¥BTEHEMRI o BIET 1, B (3 s EBiL TR K. Kte b
W 7 ZE AN B AR DR RBOE KA N RGBT G A R TES 5 . ARSCETHE A s
REFEBEANFIIN T2, Z—A e 1 (3) 2P Var FERE & 11 K/NiE shD
KA
(3) W3 t EE

W0t K EEE (Moving t-test, MTT) S il id % 22 P 4R AT I (E 1) %
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B BRI FA N (BRIE, 1999) o FHIEA BA R — S (k)7 5 TF i B 17
FUBHMEA TC 8% 22 e ok B A SR (A T 835 22 e 1) 1) R A 46 Gn SR 7
B A s 22 i 7 — @ MR, ATRLC B R A T AR, AR
TR BUERIZ MTT 77k TR Al BERE R A A v, il T s
T HIK B I R AR mi R, AR, 7T AR 583 Fp 51K AT 150
e, DARmTHE A RSN A SCRI A Z O AR PDO 7 A AL AR A%
3 ItHEER SR
3.1 IE B4 PDO AR & H EHWEE SHA

PDO KPR FERFERMEEES, BRAKIERIEEGFERFE
W) EE R 72 2 —, JFJ& PDO AR BRI 4T B PSS 5 M0t Fif 2 .
AT I T s S AL EES A 70 4E (1900-2019 4E) PDO fLAHAEAR B4 3 i) 30
EES.
3.1.1 iR B4 PDO MAHER R

2 /2 1900-2019 4F PDO 541, K&l 3 Z#|H MTT J7 4l PDO 741 i) %
1o 0T LLE HTE 1921 SR 1976 4F 5 J5 35 H BLA AR AL R BE A7 AR IR #4450, TI7E 1942
ST 1998 AEHT 5 I 1 BEALAH Rl A ALK 5 4, BD PDO 7 41 /E X BE i %147 75 12
ZMEABREEST (A, 1992; Mantua et al.,1997; Hare et al., 2000;Mantua et
al.,2002; M #%:%, 2007; Lenton et al., 2012) , 411976 =i J5 LT A A2 T
JUA4F SR A BRIGBE (¥ T U6 1T 45 52 KT

4

3 abrupt change in 2014

abrupt change in 1921 abrupt change in 1976

2 ¥ 1 ﬂ
AR LA Mi\\_ | ‘l..‘"'dlr"‘t ‘I' ';‘*r

T ;"w'.y!)' w A W

abrupt change in 1942

PDO
o

-2

3 abrupt change in 1998

-4 1 1 1 1 1
1900 1920 1940 1960 1980 2000 2020
Year

2 UTE4E PDO 74 I TR AR AL T 2 (FEIRZ6 K2R PDO 1R%L, ZLEFRRIEHONIE . B AHEON O,
MLy 51 s RIS E ED
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Fig. 2 Curves of PDO sequence in the past hundred year changing with time (The bars represents the value of the PDO index: red

for positive, blue for negative; and, a black curve for the trend information extracted from the 51 month moving average).

W AT BT Ot U, ARSIE TR AR e . 4 t BUE S N 5
.12 B, EIREMIE PDO FEAILE 1921, 1942, 1976, 1998 fEKE T & 2E K]
FARPREYT (BRI TEEN 0.05 WGHEE) , X5 EHESE (2007) £
[¥] PDO ¥ 4frfir B AH— 3.

8

8
(a) t1=t2=5 1(b) t1=t2=12

64 6
abrupt chan g n 1942 abrupt chan; g n 1942
44 abrupt change in 1998 1
abrupt change 1998

“WWW?\MWW

=}

N

-4 brupt change in 1921 ] brupt change in 1921
64 6

-8 abrupt change in 1976 -8 - abrupt change in 1976
T T T T T T T T T T
1900 1920 1940 1960 1980 2000 1900 1920 1940 1960 1980 2000
Year Year

3 ZT MTT JriE M 4R PDO AU RIARF AN A FRoRE L5 0.05 MIGTiH el
() WEED A5 H; (b)) WIEH N 124
Fig. 3 The phase transition detection of PDO sequence in recent 100 years based on MTT method(dotted line indicates passing
statistical test with reliability of 0.05) .

(a) The sliding window t is 5 years; (b) the sliding window t is 12 years

3.1.2 I H4E PDO MAHF R RIEE SR

ARSI 2R3 5 4F PDO 781U PU e 47, A58 1 H s 5412 40 FEAR HIF 5
FEAr ) RIATEE S . B 4 B NI B 4 PDO A T 205 S kil as &,
ML 4 120 M H (10 4F) « MT N 3 M H, 3&5E ML M MT J5iEshit 575077
ZHABESEE 1. B4 (2) 3 PDO JFHI 1921 L AHEL AR 77 245 5 R0 45
R, B MT R g i H RN 81 19 J5 1 3l 8 78 A2 KA B8 51 960087
FIRIT#. WNE 4 () PHEEAFIRAAEZE W, 1E 1916 F /477 ZEHiE K.
I SR R RGN A BRAER, AEREFEREIC. RGN 2K
R S EHT ZI PR BRBRAR L, B E ARG /B &IT T 15 I FHS R BRI
RGURERTRTE IR ST, TN 7 22 P AR AR R RBCR . R4 (3D 207 ZE ok ik
R, BIR GGG FE s R T77 ZE 1K AR SGHG R M I R n] LA R G0k kAR
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DR TGS, A 1916 FBHHE KT 2R TAREK (1921 4) HI
MIRLARFE e . B AT %, PDO ICIRALAR #4578 HHH TS 5 H LR B 0] 5 AL AH
AR KA A ZE L) 5 . FRE TR 4 (b))« (o), EFXFIEE 4 PDO P
FITE 1942 5\ 1976 FALAREL AR 7 245 5 HIIWAE 1933 S 1969 4, 73 AR A
T 94 74, [HAAERMIE 1998 £ PDO AL AR#E 2 B B T x5 26 Bl
I O3 AFE 1981 ERTJG 1989 “EHT G A1 1994 “ERT 5 ), XSLhr ERBINA
[l 1 33D KR 25 SR AR AR TE — B ISE M . AR (RIESE, 20125
2013) KM, FEHWE BT, &K, BapbKks Lfoe, o
SR 1 BRI 30 KA B (S S mT 5, 83 U AN R 1 & A 3
BRI, 1989 4E )T Z15 TIRAAFAE, ATy 1998 4F PDO EAXPREL 7 1)
FIATHEAS 5 HBLTE 1989 4. 25 LATIR, JEE4FE PDO P41 2R A T DY IR AR
FEAR, TERTARFEAR R AEHT 5-10 AF IR IN B 77 22 3 K R TEE 5 .
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