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Abstract Precipitation on the Tibetan Plateau (TP) have received attention because of its
importance for regional water cycle. Based on data of 96 meteorological stations from 1961 to
2017 on the eastern TP, the relationship between the lead mode of summer (JJA) precipitation
variability and the North Atlantic Oscillation (NAO) is analyzed, and the possible mechanisms for
the unstable relationship are explained. The results show that the NAO dominates the leading
mode of summer precipitation on the eastern TP, but there are interdecadal variations in their
relationship, with NAO leading to a north-south dipole pattern in the early period (1961-1993),
and a monopole pattern in the later period (2002-2017). The NAO is able to stimulate potential
height anomalies with a quasi-barotropic structure in the upper layers over the TP, and form
corresponding circulation anomalies in the lower layers, which in turn affect the water vapor
anomalies in the region. During the early (later) period, the west edge of the NAO-related
circulation anomalies is located in the northeastern (northwest) TP, which is conducive to the
formation of precipitation anomalies of north-south dipole pattern (monopole pattern) in the
eastern TP. The shift in the leading modes of summer precipitation on the eastern TP resulted in
an abrupt change in the NAO-precipitation relationship in 1998 for the entire study period. Given
the nonstationary relationship between NAO and summer precipitation on the eastern TP, the
interdecadal background signal needs to be considered in the study of NAQO’s impact on regional
climate in order to improve the prediction level and model simulation capability.

Keywords: Tibetan Plateau, summer precipitation, leading mode, abrupt change, NAO

1. 58

T AL T A5, T34k 4000 m B L, 5 “MEHIKES” ZFR (Xuetal., 2008),
SN E BRI A JERL (Immerzeel et al., 2010; M7E%E, 2023), Hzh /A y5mia s
HEL RIS ESER RSB B (A%, 2021; 4%, 2023).

80 e i B 7K TE X IR S KA R 5 OB E ) (BRI SESE, 2014 Fi%E, 2023),
T BEK EERAEEE R, ST 0E 2 2R KR R TS . T i 2 2= K
HI s R AR A%, Shaman 5§ (2005) fiH 5 e /KJE -6 77 %3 (EI Nifio-Southern
Oscillation, ENSO) {445 < (I #vH AP PEHE (5 5 il i e 5 e s i A B F B ARk, 1
B J5 3 2= AN B ZE AR 5 5 Il Ui B 3 ) 22 5, b s e R R R X, B I T e
JRE ZEEK . I AR E AR, Gao %5 (2018) fEH ENSO FHAF (1 R A AR 2
s e 5 2 2KV CRIR I BB R T2 — o BT I 18 ENSO W55 s [ A =R T s i, {3
RS 520 R T 52 2 IR\ L R o . 2 2 X o) 75 i o i 5 2 PR S T AT A A — AN e TR 2R
Ja#F BARRH T ENSO AT BEFZM 75 5 = R 2 ZR (R7KPORIE, (H ENSO A AT g X 72 521 75 7
R KRR T2 —, I HARR A R m B K 2 —, FrbARARETS 2 ENSO i
T 5 2 ZE K PR R BB AR R . IAh, AL (BB, 2003)
fRHATEZSE (FHE S ERERmMS, SHEVEEENmE (W55, S 3 8E
BEREZRKImEL (WD), B2, 7MEH7 (ingand Ting, 2017) @i 4T 7-8 A K E
BEAS, ¥8 DR FR/K S8 5 7 m JR AR R B K e R A SR R, (5 K R G R
FHo B, FHo i 2 2= K I 2 REAERIAL A SR B S 2, B B 2 XG5 5 i i e
AN X I E ZR K ] REAFAEAN R DG 2R, DA A A S ST 1) B BVl 5 7 8 v SR S R P K
)28 F 0] REIE 75 40 IX Sl i AR 1) 18

Bk R RSP A EN BV IEIRLAE S R AL, TR — S S T ALK TR 5 S



T SR TR KA PR 2 A OC &R, EZCIE NAO (North Atlantic Oscillation) 5757,
mERE BRI R, FHIRBUEH NAO 55 i B 2K £ BB MBS A — E ik
Z, NAO nJ feid i 520 ot RSt it 1 5 i 7 i = )5 2 2= F4 7K (Liu and Yin., 2001). NAO 5| #2
(R AL DR P ¥ 2 R I PR 8 A D 38k 41) T e 3 e A o 5 K v D /A ik i T s i L B 2R ok, g —
SRR T 9 R 2B KR NAO 2 8] [ 9% & (Zhu et al., 2011) . J5 455 5T (Liu et al., 2015;
Wang et al., 2018) M %' Hy UL AEL ) f1 FELE T NAO SZMA T 6k i[5 B 2= 4 K mT Be A B
il o

T A ST 7 ik e SR PR 7K e A K B A, {EL PR T 5 9 e i )t e 30N A=A SRR AE PR
FEME (Wu et al., 2015; BWREMRZE, 2017), 55T 508 R R 22 14 /K 14 AE RS2 1A 5 o iR
R A= KA PR AR A BN Rt — 4R 0E . HET, NAO 5 5 il J5l Z- ¥ 2= %
K EEALAE AR AL B V) AH DG — W S A E DA AR O — 8, (2 NAO 55 = i 4 3 2 2=
K A AR Y B 18] R A IAH R R BAFAE R 2 5+ (Liv et al., 2001; Liuetal., 2015). i
XA 22 5 1) DR T e A (R FC BT R F R PR TRT B A — B, R R EE NAO 5
Ji 2R 2 2B K B AL AR AR B 1) o8 RAEA RIS A B 22 7 ? W RAFE R B E R, B4R
RIATE? 36T BRI, ASCR AR K b 58 2 A B K BORMEXT NAO 5 7 i J5
IR E =KL RO — P T . ARSI 28 3 MR 5 5%k =8
B A T 75 ek e i AR R R K RS I R RS NAO MHOGOR RINTARIG s 58 DU 5 4 dr
TRAFHTE NAO XTI m R PR K KR PR A mE M R S0 51He M T2
FEY

2. BE 5

B e R I AR B E R R B s 0y Chittps://data.tpdc.ac.cn [2019-08-12]),
1951-2017 4F B Guh H Bk R B X3 Gk 2 oo 32t Chttp://data.cma.cn/
[2019-08-15]). H1 -l JA A LRk F B ATAE R AR, PO A Rulifi DARRIEA L, RIS
NT ST TR S FHAT R, B 8w SR AR 96 NG, A AWKl 1 RS
[ TR, B Sl AR R R AN 5% . BEAh, FEREE 20 2 50 AR g A S
P, EFERITHTTI 18] BN 1961-2017 4.

Mgy PR A3 s BE O SR 55 B S0 AR SUE 35 (National Oceanic and
Atmospheric Administration, NOAA) Mk R Sehff 5T 52560 % (Earth System Research Laboratories,
ESRL ) #& fit '/ NCEP/NCAR Reanalysis 1 & H % K} ( https://www.esrl.noaa.gov/psd/
[2019-08-20]), 7K F4r#i# )}y 2.5° X2.5° (Kalnay et al., 1996). NAO $&%k i35 [H < {5 T
JHRCy (Climate Prediction Center) #2fft (https://www.cpc.ncep.noaa.gov/ [2019-08-25]), 1%
FRECNAL 3K 500 hPa 7 3 5 FE e e 42 95 1R 22 73 i (Rotated Empirical Orthogonal Function,
REOF) THRASINIA] %% (Barnston and Livezey, 1987).

98 SR 2R BB R K P A A T 9 B ek S Bk R, SRS EEEAE 64 7. 8
H BB IR~V E %A 1) B =B K B, im0 B e D &A%, 19312 F 5K F
F. HZ= NAO #5241 (Summer NAO Index: SNAOD) #&H NAO ¥4 i E T3 41, I
BEAT T ANBR A HS DL SR AL B o A I 0 A 7 R A SR i . S i BRI IEAS
R4 fi# (Empirical Orthogonal Function, EOF).,

3. BERERBE MK EHESH B REE NAO HIRR R R

B A EOF #an i m I 4R i B /K 2 SRS I B MRS R AR . B 1N
1961-2017 SEFH W R 4GB E & /K75 EOF 55— M (EOFL), fBEIT 2N 28.6%, @it
North #ENIFE%: (North etal., 1982). 5k Jit 4= 5 2 2= (%7K EOFL S 35 1 R b As A 1Y,



B~ LA DX AR AR Hp O R ST T ek o R AR i %, LRI B B A I R, R SRR T
(9 B DA S HRME ) K T BB A 1o S5 AU armt s ar &, MAbER AR EME R AR ES
4 7K B 32 LK) 25 (A REAS (Liu et al., 2001; Liu et al., 2015; XMt 4 4%, 2015; K THELE, 2018).

EOF1 28.6%
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Fig. 1 EOF1 of the summer precipitation anomalies in the eastern part of the Tibetan Plateau

from 1961 to 2017 (shading), the solid gray line indicates the boundary of the Tibetan Plateau,
and the black dots indicate the locations of meteorological stations

K 2 450 T Hi e IR AR T E 2= /K EOFL XA 1A R4 (PC1, HsZR), nfLLAEH
PC1 R I H A B FEPRAR L, B rp BB L5 22 SNAOI, 3 HIAISE R %k 0.52, JEid 0.01 &
FMEACTRES . BEAN, LT NAO HEET 1 & 6 M A5 PCL MIAIR R, 24 NAO BRI —1NH
I I AH D¢ 230N 0.48, Refidid 0.01 B35 KRR, 124 NAO B HT 2 N H UL Ei
PIE AR B R ZE . R E E SNAOIL 5 PC1 RIEM KRR, X587 NMIHF RS R (Liu et
al., 2001; Liuetal., 2015; Wangetal., 2018) —#. =T XFhkIeKRMITEHALH], —Fh
RN NAO W] LA 75 6k v B Ui ) X, 328 17 s 0o 75 9K s i e AL Ay 22 ) XL, e 2%
it R T i R AR E B oK AL BT (Liu et al., 2001); 5 —FhERE AN NAO i85t
TEAF I A1 S0 T e i S b A S v B R, T SRR AR R, AN T T R
JR 2R 5 E ZERE K A2 B TR (Liuetal., 2015). {EEFEHIRZ, BIEEET 1961-1990
RT3, SNAOI 5 PC1 AR RECH 0.67; J5 & EE T 1961-2010 F TR CAHIFIY
G AT, SNAOL 5 PC1 AHR REC 0.58. Flitt, FEAENS[E] X [A] | SNAOI 5
PC1 AR IR R AT REFER K ESR, RAER 2 hIRE AR K% 2000 42 1 9§ 2% Hh 2535
WIEAR—3, ZJEME AR 5 SRS = BESMERE T 2 77 08 14.3%51 7.8%,
Xof RIS ] 2405 SNAOI IAHCHFEEARSS (4exf{E/M T 0.1).

BE— DI T 15 WS E 1 SNAOI 5 PC1 (A ¢ R BEIN TR 93 AE (& 2, Z0fhsk
), KIAE 1998 FFZ 1, SNAOI 5 PC1 — ELARFFEIF M IEA R R R, HahAH I8 0.05
SEMKPRY, HAKZHE D RehgiEd 0.00 EEMKPRE, M 1998 F2 )5, &
FaE M IEAHSR R RIFUR PR, M 2001 SFTF4h 38 Z (R IRIEAH Gk RANEEIE IS 0.05 &3 14K
PR . RS EALKE RS E DA (021 4E5), ZHgEEA 8, mT 2000 2
JERBIF K EA R, R 15 EFsiHE R, NHiE SNAOIL 5 PC1 MIJEk R AR



() BARHE], R Fisher 777 (Meng et al., 1992) BHTHEG, 45 BUNE 1 Fizn. ¥ 1994-2001
W PUERE—FE R #IA, HArE (& 2% 5/ PCl 5 SNAOI MR K RIFF
FEFRAE, Horh 1998 E A5 B M Sk A i i K, oI LA RAL S AL, SNAOI
5 pc1 BRI R RIEAFRE, 1E 1998 FFAFEFMPRRAL, B, 1998 FZAf —H 2 R#E
MIIEAHSGR R, 1M 1998 - JG A8 AN R [ IEAH R R &R o
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Fig. 2 Interannual variation of SNAOI and PC1 during1961-2017 (black dotted and solid lines),
and their 15-year sliding correlation (red solid line). The gray solid line and gray dotted line

indicate 0.01 and 0.05 significance level, respectively. Boxes and circles indicate years used

for synthetic analyses in early and later periods, respectively, and red and blue indicate years

with high and low NAO values, respectively

# 1PC1 5 SNAOI AHIER AL Fisher £ 4645
Tab.1 Results of the sudden change test base on Fisher for the correlation of SNAOI and PC1

i [ it AE Tl 0.05 &3 MERIRKT
1992 1.33 A
1993 1.63 5
1994 2.23 =
1995 2.21 &
1996 2.21 =
1997 2.07 &
1998 2.50 =
1999 2.32 &
2000 2.26 =
2001 2.12 &
2002 1.85 7
2003 1.38 5

HAJRFFET SNAOI 5 PC1 AR R INRAE? BT PC1 S W[5 7K S AR (1) I [
AAHFIE, BR/K ERSFC R SNAOI 5 PCL ISR REaE I . N AR I B AR



(AR, BT 20 AR L. 1D, 0 5 AR i B 2R R K AT I B0 EOF 434, 1593 37
AN ) EOF L. THE A AEAS PC1 BT T FritEfl, SRJ5%F EOFL fiAH RiAE4L,, {5 PC1 F11 EOF1
AL BARAR, X LME RN E ) EOFL 7E[A— 84t . K34l T 9 MESHE DM
EOF1, ABSISE G /TG & D45 R 002 FAHXECN, Amikdit. WE 3 LG H:
M 1971 S5 1 (1961-1981) F] 1993 FEF 1 (1983-2003), 5k i Jil 4l L = [#7K EOF1 %
BUREN AR E IR AL AR AR AL, B A M AR T I SR S R R TS 2, b TR — D
559, mEARIGHILAEX, HREZEAY K, B 2002 FE 1 (1992-2012) HERFH
R X ZEIE; M 2003 FE5& HHFUE (1993-2013), FHim R AR HE Z=[4/K EOF1 BARD N4
X8R, B ER)a — & 1 (1997-2017) . HIk ] W, 75 i = R 43 56 5 2= %K EOF1
TEARFEMY B AR, AR T re LA RLZ 0 5 A R 5 A X I — 800 . (R, B AR
FEIT B PN T SR AR K EOFL I AR AL AR AL, (H 2R [ e B R S AR F RS
PC1 5 SNAOI [IAH R R RAE Ja WK A2 T A8 4K

1961-1981 EQF1 34.8% 1967-1987 EQF1 2B.3% 1977-1997 EQF1 27.0%

A0t
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Fig. 3 The first spatial field of sliding EOF based on 21-year window, 1-year step (select 9 out
of 37 results)



4. REATE NAO P HFREEMK. KiK. AR NBEREEHPZR

Nk BT RALTTG SNAOI 5 & R AR B =K EHEM KRR, MREAEHREE
AT EARN), RYE Fisher 025 H, SIFRRAH (1994-2001 42) [0, K58
NFRASHT (1961-1993 4F) MIZRAZS (2002-2017 4E) WAMEL. [N, & X SNAOI KT 0.5
UNT-0.5) B NAO & (KD (EAE, 405X ABFT. MNP B NAO i IRME A
T i 2R B R A K DA R A S BRI AT B R T ONAO B 4 1P S5 AR AEL AR I~ 34D .
FRAFHT, NAO EEAESN A N: 1967 4. 1972 4. 1976 4. 1979 4F. 1983 4. 1990 4£. 1992
5 NAO MRAEE A N: 1962 4E. 1963 4F. 1966 4. 1968 4F. 1969 4. 1974 4. 1977
fE. 1980 4F. 1987 4E. 1993 fE. AT, NAO H{HE 474 2002 4. 2003 4. 2005 4
2013 4. 2017 55 NAO fRAE 417 24: 2008 4F. 2009 4. 2010 4. 2011 4F. 2012 4F, 2014
. 2015 £, 2016 (& 2),

R R AR T RAZHT G NAO IR AB A& i) s T A =Pk (B 4) . JARHT,
NAO FEHEGFI TR E AL E R MEZ . mIRAEHSEEREK D (E4a); ®RE)E,
NAO = {EAE A T R AR E R K — 2w/ ( 4b). NAO MIRAEAFENIAH I, 248G, AR
TRERTHEFERAKIDEZ:, REGEAHTEERBEFRK—SUmE . 70, T,
NAO A T T 1l i i 2 5 5 ZE B /K 1 r AR AR RS, TR AR J5 o R T T B X 38— B4,
X5 i SRR E R K AR IR AR L — 3
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Fig. 4 Differences of summer precipitation between the high NAO index years and the low
high NAO index years before (a) and after (b) mutation (unit: mm), the black dots indicate
passing the 90% significance test (the same as below)

H T 5 = S HO TP (PR R 1 (500 hPa 75 76 i Ji U bR 224K J2), 16 H) 500 hpa 7Kt
1TZRATHT G NAO R IAEEA M. B 5 /KRB E KKK BEBUE A SR, TUE
B, =AFET (B 5a), NAO m{EHA T 7KV A EE 243350 ) 5 ek v B A b0 (1] 5a 406
HHEX ) $nE, Hr=AKRm G 2w, KFMAR Tz XK Hils i AR m i (&



Sa WO IJTHEDCR) RIKIURECRE R, HAR T EOIN s KISz X s, KRR
AFITAZIX K . NAO ARAEAE A S, X6 W R KIRAFAR T B s AR AL B R K, T
AR T E R K. AR S (B 5b), NAO M4 FI T /KR A A [ o 4R 56 1) B
FR AL, KRG R, T R EE AR (B S LT REX D &
PRI H RIS T 38 1 e R4 B X BB K 7 s NAO IR
BHFERZ. ATH, RAEG, FHilmRARE K540 R — SRS (B, B4
JEUZR KR — Bl > B 2 ) 5 e R B R K R R AR AT 3 SRS A — B X8
J& (3% 300 hPa) JKIGEBEMBEIAT RO, BARGES5E 5 —2, Erg bk
FRAS AN 500 hPa W&, HL R ALARAR Y LUK X dsk— SRS 1 L B AR (I

0.4

R R R I e

.....

12 16 20

K5 ARG (a). J& (b) NAO FEAE4EA A 500 hPa KiIKIE R ik, ¥f7: gsthPalem?) LLMIKIR
EERUE (Hf, $A7: 108gstcm2hPal)

Fig. 5 Differences of 500 hPa physics fields between the high NAO index years and the low

high NAO index years before (a) and after (b) mutation. Vectors indicate water vapor flux,
and colours indicate water vapor flux divergence. Units are g s hPa* cm™! for water vapor
flux, and 108 g st cm-2 hPa! for water vapor flux divergence

NIRRT Z SR, 2P M RAZHT Ja X LA & HIZEh 2% (B 6). R
AZHT I RAE R K] NAO R {EAERT, ek IR I B KR I Uie s 3 (18 6a),
WU R RN B R — B HEIE R S5 R (RIS, AU PE I, A ATk B E AR
MBI A &, B SR ALy BT 5 GO 5a 20 (7 HE X 4k, VBRI /N,
PRI 7 ek ey SR AR AL AR DN ZKIRER & s dolnhnis B A RAL KGR H, AR TR R
CLRE AR S 0 v S i, ELT9 e DRR O R USRS A XS I /KPR A+
H . omega JIAEMIZ I A R RoR K 6 FRIAURF X 3 HIZ s 5 H BAT IE ik (&g, B
IR S e 24368 B e e SR AR KIS B R A AL 2 0 A T3S (B 5a), NAO A AE
Wz RAEZJE, GRMREREN: NAO EH{EEN, T m R ) S e B R AL HI
Kigvafd, A8 TR TSR, ETh 8 A N 0 22 7 el i B P AL 7, AL
JE P AL ISR IR R & 72 M0 el R B AR TR RIE &, HARIUON FUUT
B BRI e J5UR SR I K TR R - NAO MBS [z« EIRZE IR, PC1 55 SNAOI
RIR R RERAHT G M E AT JEALHT NAO 1E (F0) AR ECR B R s Uie (R
Be> FeE AL T e R AR, T 58 T T K e 2 7 el e B P A
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Fig. 6 Same as Figure 5, but for horizontal winds (arrows, unit: m s) and vertical wind
(shading, unit: 1072 pa s') averaged for 400-500 hPa. Positive and negative values of vertical
wind indicate sinking and rising respectively

IS AT EIRRALHT G NAO SRR AF & B I 75 i i Jir 7K AR e A BRI S i 0 T DA A
B JUBHT, NAO = () HFEAFTHM &SRR E F=HKE D IbZ (2, MR
A5, NAO i1 (i) (EAF s I AR i 2 =K — 8w (). IA, A58 |15 NAO
XU e RS IR R AR T AR ? BT AT AR R B, NAO T ELE I IR m R UK
Rossby 41, U FVF A U XS A TLVE A, nT DAIE A DG 52 i 211 vt 7 s i
25 AN 3 i P S, 3 SR e v S ) R MBI S (Liu et al., 2015; Wang et al., 2018).
Kl 7 NARTHT G 200 hPa {734 i FE G st F o S8R HT, NAO /iy fEL4FE 75 8K e i 25 4R 7 1 £
FE T AR AL 35 v P T S i e AR PR AT 3 o BB T S 5 BB A 5 ) i v it AR b 5 IX
(K 7a), MimisliEFREmsE BTz (K ea), REKKEAERY (K 5a), GFTi%
Xk H I RE/KIE S (B 4a); ks I R r b X U AH /2, 200 hPa 32 ZE i Ao 34 v P 4 S
RG], SRR R S N YIS, SRR EAKRARECR T, AT IR K A R
RAZJG, NAO XU ek i i BT A7 35 i FE R sema R B 7 238 22 5%, NAO A5 9k =
5 PG P 5 v P T e PO J LTV %, RO PR A 35 v 5 T e o 3 R KRS ) P S, 7 5
BAFHi = EAL (B 7b). BT NAO 51 7 i )5 i B Ar 3 s FE S i R IR B R B
B EUE IE FEZE A (NG ), (R ZRARHT G NAO B S A7 34 0 B S i 22 il Bl 1 B3k i
SRR ZE S, TG R ZE R e R AR AR KR R I A R A 2 R
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Fig. 7 Same as Figure 5, but for geopotential height of 200 hPa (unit: gpm)



PRI 138 5 2% [ /K KA S I A AT AT AT R, SRR NAO A RIF T B 1k = IR AR
O ZERE KR ALY, AR S WA T IR X 3 — 308, TSRk RITE 3l EOF 434
3 7% 7 1 i 2 S B 2 P K ) 2 A P e A AR R A AR X — B8 (1 3), UiBA NAO
G 2% T T R AR R R K B RS A T IR IS, 40T 113 EOF |1 37 4N PC1
55%f iR A B SNAOI FIAHSE 2% (K 8). K 8 mTLLE R, Brf)a— & H4h, HAhRT
HE DR PC1 5 SNAOI (I R B AL BT 0.05 B MEAKFARL, ERT NAO X 35 i & JR 45
B8 ZEFR K I ARSI AFAE BB S . L 1998 4F A4 F A, 43 B T 5 AWM BE 4T EOF
ST, BARTERSHI TR, (HATEWAME PCL 5 SNAOI [1AH ICHE & 35 o 58 — s
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Fig. 8 Correlation coefficients between the 37 PC1s of the sliding EOF and the SNAOI of the corresponding time

period, the gray solid line indicate 0.05 significance level

5. 4R EhHe

BT 1961-2017 4F 96 NI REGEAE, AT T T NAO 5 T i J5l AR 3 B 2= [ 7K F2 4
BHXRFR. RECHTFHE T NAO X 58w i A< 38 = oK s bR AL s,  JEAA
[ £ BE AR T ML, (EEEANET TN BE SNAOI 5 PC1 MM SE L R IR E, HA W RM
FERPRARAEFAE . ASCEIL 0 SNAOI 5 PC1 AHEIC BRI ZRARKSAE, AR 1 it X FhAs 1k
()] e i IR DA S B 7

(1) XA TR B, SNAOI 5 PC1 7 K# 2000 42 AR N —5L, 2 J5 WIAFTE
BOKZESR . WM GRI 3 E 1998 fF 2 AR A E FIIEA G, 1998-2001 4FAHIE R %L
B0 R, 2002 FEFFURTCVEERE 0.05 REMAKCPR, FEEWRMZEAE, Fisher 3R
B 1998 - N RAL mi.

(2D 3)) EOF 43 BT ik 52 75 38 i Ji 7R 30 B R P /K RS I 2B R TE S TEA FIBY B AR E AR 1E,
T 5 i A A TR A S i 300 ) X 8 — 350 T i 30 A 2 TR T A AR Ak AT g A B
FURTBE Y SNAOI 1 PCT AH GG 5 H I AR 1) 2 25 A

(3) RAHT G NAO ERAEAE A TR . RAZHT, NAO & () {HEGF T
JFAREEZRKEDILE (B2, MRAEE, NAO & (R (AR T & AR5
BERFEAK—BmD (£,



(4) NAO I BEAH I A1 52 T 56 i [ i JE AL 3 B, ks iR 23R A KR, &%
Lo lEIK, IRZ4 A TR T A IR AR E =K EARAS . {2 NAO X = IR AR 3 E 2= K
SRR AR PR L : 1961-1993 H5 NAO A FIl T 1l 5 i i Ji AR 3 B =B /K o ra At
AR, 2002-2017 SN T G2 X I8 22 K X 88— 28 .

SRR AT BLA SNAOI 5 PCL AHOG R RAEAERAE, NAO {ERZRIE 5 WA F|
TR a5 SR 2R 50 B 2= B K 1 g AL AR AR 2 AT X 3k — 25 A, (EAT A e — S )il , B, BT
NAO B A AN D,  FEUE I T2 MR L0 1ol B X IR D ik, NAO X &
IR B E =B K 52 i A= 23R IR AN Ji DRI 5 R0 o AH DG ATE T4 HE AR BRAS 5 2 TR AH DG 8 RTEEE
RBR R AR IR T e A2 52 21 53 AR5 5 1] (Moon et al., 2015; Chen and Wu,
2018; Chenetal., 2019; ZhangWJetal., 2019; Lietal., 2021). Ul Chen % (2019) &I
KR VR B AIBE JE 1) ENSO SR AH OG0 RAFEEARPRAR AL, IXMPAH 2G5 & B AR AP
AFAY F B2 KL FARFRIRY (Atlantic Multidecadal Oscillation, AMO)  FJ i ill FIT52 1 5
Moon 45 (2015) &I ENSO 5 #iy K11 11 v 2 (A O 08 R B AEARBRFAE, 1%4F
AR BRIFAE 52 K F i FEACER R (Pacific Decadal Oscillation, PDO) 540 . H4h, NAO A & 1%
EFARPRAEAL, H NAO 5 AMO 7EFAPR REE E RIS AH 3N A8 — 2, KB AMO 1] R
XF NAO A& BA AR A THIEMH (Goswami et al., 2006; Folland et al., 2009).
AMO Fil — IR AL AH IS (8] (1998 4 HHA A AHFE A2 AR A7 AH) 5 SNAOI Fll PC1 AHIG R R
AR E])— 3, RN AMO A ARFEHE2 I T NAO 58 IR AR 3 2 =B K Wk &R, A fridk
— BT STk R A, R DGOR N R R R, RTREATAH S IR AFAE BRI o )
AL I, 1981-2019 A E FFREK ERIARIUV ARG (He etal., 2022); XM
X, B ZRFRK RS IRHIE DL, 1T RS AN IHRE O 80 78 XS R e B AR A
K Uiangetal., 2023),
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