IPO. AMO FI4=BR=FHR X A6 3 b [X B/ I AE X 5T ik

RS BT

1. MREE TRERERARI S0, Mal 210044
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Abstract: In this study, we investigate the relative contributions of interdecadal Pacific oscillation
(IPO) , Atlantic interdecadal oscillation (AMO) and global warming (GW) to decadal variation of
land precipitation in North America from 1934 to 2018. Firstly, through the singular value
decomposition (SVD) analysis for North American land precipitation and sea surface temperature
(SST) in middle and low latitudes, it is found that IPO (42.33%) and AMO (23.21%) are the main
SST modes in winter, and AMO (32.66%) and IPO (21.60%) in summer, to affect the interdecadal
variation of the land precipitation. Secondly, the linear regression model is used to analyze the
relative contribution of the three signals. The results show that AMO contribute dominantly of North
America in summer. [PO plays a role only secondary to IPO, and winter is the opposite. GW also
plays an important role. In summer, AMO is the primary contributor to the changes of precipitation
in Alaska; In Canada, GW dominates. In USA and Mexico, GW, AMO and IPO are of equal
importance; In winter, GW is the primary contributor to the changes of precipitation in Alaska and
Canada; IPO dominates in USA and Mexico. In terms of information flow, we have presented the
regions of sensitivity to the three modes. We also apply ECHAM 4.6 model to further verify the
above results, show that the Indian Ocean is pivotal in having AMO and IPO in effect in causing

the precipitation variabilities.

Key words: North American precipitation; IPO; AMO; GW; relative contribution
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B KR TE RS A BE IR AN 7 20 B B BRR I R SR, TRk 2 1k
SR FA IR N o JESEHBIX SRt 7 5 B R IA X, SR T Bk ) AR Ao i
X LS I R AR AN E 2007 4EBK, I F240K, T 5 S 80KHE
IKBE R KT R B RRINR . AR KRR . 2020 SEE EE B M BT, Inpk k=
R AL M L REAME R R, SRR AR IR R R A TR ? R BA TR AR
) i

VPRI, K FEEERFRIRY (Interdecadal Pacific Oscillation, TPO) itk HuIX J

A BRHA X FE KA B TTIRCR 55 R IERE, 2003: BIEHESE, 2004; XBHi%4E, 2009
Dai, 2013; 5KFHUT 4, 2018). Meehl et al. (2006) il it {515 20 (coupled general circulation
model, CGCM) & HLAL 3 74 B # X [ /K A7 £ 2 FARBRAZ AL, Dai (2013) #F 5L R ILALE PG
FAHLIX () /K 5 TPO FRAE BEAH DS, Xuetal. (2018) ZitAHSCA T, A3 E P FRK
WA 5% IPO/PDO HIsEM. PO & —Fifgre. RAMER, RAEFERFAEEXE, IRy
AL 10-30 fEFT 40-60 . HHEFLE L PO ALK 5 & ALK AR IR %
(Pacific decadal Oscillation, PDO, Mantuaetal., 1997; Zhangetal., 1997), PDO #i\ N
& B /R JBi-# /5% 3) (ElNino Southern Oscillation, ENSO)  HI“4L 4k 5 BEHL KA 5k AH
S58 Prit . (Newmanetal., 2003). JRETHE IPO A1 PDO fif £ i 5 X IR BR 4 Fr e 1L
it e EA BT AN, {2 IPO Rl PDO TERYIA] Fm ARG, I HA W HIEH (Xu et
al., 2018). TPO 2N (¥1-1b 3% bl Hh ¢ /K S5 110 J5 D51 m] P REL DG PO BRI S 1 AR, BIDHE TPO FALfor
FIM B, #i oh R KPP R TGS (Sea Surface Temperature, SST) SH K, £S5t
PR R R R TE A ZE T 77 AR B0 I v R 0 DA SO R, 3 3L 36 0 s v v 1 X
H LA TR PG LR AR AL K, 335 1T 3 3L IPO F A7 AH I TE] (1946-1976 £EAT 1999 4E 524
56 [E PR 2 DX (L E PGALFRER AN FISE [ v T S I 4R B K b 5-20%, 7E TPO
(R IEALAR ] (1924-1945 4FAN 1977-1998 4F), PRI AR KA KRB S, 5 [ 76 A0
I ot X Bk S i, 1 TPOY 5 Bl v 0. AR AL 3R 24 T 4 g 7 P 2 i A e
%99 (Dai, 2013; Dongetal., 2015; Meehletal., 2006).

o — EERERERME 52 K2 FAFRRY (Atlantic Multidecadal Oscillation, AMO),
WA N K PG 2 A PR A8 Z (Atlantic Multidecadal Variability, AMV), ‘&2 KA KFGEE
DX RAT G RUBE IR 60~80 A1) Ja A (103 2 T UL FBE 57t 1 84k . AMO 2 —Fh B ARE %, 3@
5 0-80°N A6 K P X 48 F- #5110 SST 57% KK 7 (Schlesinger and Ramankutty, 1994; Kerr,
2007). TR, AMO TEAL KT o Hb A5 A A Bk FL A X 3 U A poR 38 T 8 B4
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FH (Knight etal., 2006; Mohino etal., 2011; Zhang and Delworth, 2006; Goly and Teegavarapu,
2014; IVEEE, 2018). KR KR MRS, FEEAM . CRARILEE. vGELl LR
FE7K, dERVEFREREEA S 2 UM ¢ (2R, 2009; Knightetal., 2006). Sutton etal.
(2005) KIL AMO &K 1 3L [H | =8 74 AF g 8 DAL G B XOR AR B 3R 4E, [k At
R I T AR . MO R, JLEFRE AMO %UIMK. EEFRIFET 6
HAIEl 6 A f), Ee e E v S, SAERaEmdt#s), BE 7 AWRREE
PR (Douglasetal., 1993). db3&EZERIMHEA R T KA1 AR T MARITHE KIS
BRI 2SR, AL 2 B EOR A SR IR A8 R ¥ JE B Y - Higgins etal. (1997)
R, AESETRRE A R KVORIE: IR B S AGERAE T 850 hPa LU R KIS /K
PR, TR PG ERE WS4 T 850 hPa A DA LRJ/KIR. 1948-2009 “EIIH], Jb3EZFX ARG/
EFPG AL IR A R I 2Bk, 76 AMO TERTAHHATE], 9% ] 2% pi il A 88 7 BF 57 <
TEFRRAIBEK G52 (Ariasetal., 2012), HHFARBIXZHT AMO AN, HFILK
T R A TR T R Uk 55, 1T S 7 B b [X 81 3 [ ik P i 1 o, P8 [ AR
AL EERIX I E R K EIE 2, A3 ARG # X O HZ LX) kK
J/> (Huetal., 2008; 2011; Douglas et al.,1993).

SRR AR AP KR E & LI, BRI LR, SRr kK iR
g E 1R (ifiRE4%, 2004; Held and Soden, 2006; Guetal., 2007; Gu and Adler, 2013),
—J5 TP R B T R BE PSS, o) — T T PR E AN [ DX 48 1 B 7K A8 A AH ELAR T

(Held and Soden, 2006; Daiand Fung, 1997; Emoriand Brown, 2005; Smithetal., 2006).
(7 IS 4= BRARBE T 21 2 b DX AR s B 7K DA B /KPS AT — 5 A TR s Aot P/ P 388 s 35 K
T AERVE N (17 25 B K I I 2, A Qe AL 9 X3 e /K 7 0 30y i o /K
AR i 28 /A K i 258 AT T LA P /K S RL M B 22K (Hennessy etal., 1997; Wilby etal., 2002).
ifii AL S X SR E TR B O 1980 4ETF4R) 5 ARSFRISIR M PUE F TN BER B4,
Ft A4 BRAR B 2 5 8500 56 Wi B /K e R AR 3 i) — /MR (Kunkel etal., 2003). JJ)
S A SN RCP8.5 1% St 78 A AL AL S L B i X, il 36 1 o e e 7K i JB2 1 B IR
() B /K BT AR BE s 2L (e %S (Maetal., 2019).

Zi LT, TPO. AMO. GW XfdbERi Pk — e Tk, BaEESmR, HESH
AWFFEIPO. AMO. GW X T-Ab £ IX K AN 5Tk . 1 ik — B4R 5 IPO. AMO. GW
Xof A6 S Bl A AN 5] DX g b 3 K R AR B, ASCE SR SVD TR b Se X 4
H Z= WK FEARBR AT 723 53 A SR A R IERASAS, AR5 R 2 J0 R RN BSR40 4 1PO.
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AMO. 4= BRAR 0 16 58 b X Wl bt B K (R ARG DR, Ik — B R BRSSO VAR AL R 2R 5%
F, A A RO IR A TV AR K 8 VA VA i S T I S IX o b P 7K AR 4K )
SEMIRAT o
2 BRI
2.1 ¥R
HI T AL R H K E BN, AT EZFEN R T 00, 6-8 HEXAEZE, 12
B 2 A8 XRAZE. ARSCHT R R 7KOE H 508k 737 72 2R 98 3 R R 2 St 5 ot
( University of East Anglia Climatic Research Unit ) ] CRU TS4.02
(http://data.ceda.ac.uk/badc/cru/data/cru_ts) 7K FEE, 25173 HE4N0.5%0.5 A4 BRIFK S
fig > C Global Precipitation Climatology Centre , GPCC) f) P& /K % ¥l
(https://opendata.dwd.de/climate_environment/GPCC/html), % [A] 43 #¥Z A1 1" o 1325 [ i 2
okl E Hadley HD#Eft (Hadley Centre Sea Ice and Sea Surface Temperature dataset,
HadISST, https://www.metoffice.gov.uk/hadobs/hadisst/), 7[5 #1 % J1°%1",
IPO #5HAI AMO 5%k B T 3% H [H g A K& B S (National Oceanic and
Atmospheric Administration, NOAA) 4B} 55255 % (Physical Sciences Laboratory, PSL)
(https://www.esrl.noaa.gov/psd/data/climateindices/list/ ) H:H IPO FEEIE T IR i b AT
18 DX 2~V 289 5 5 G G RSP T R VG i AT R DX 3 8 R S R ZE A AT A A
AMO FEEUZIRIE ALK FEPEX IR (0-70°N) SST Hia#s Gt mBCF i pried. GW R%ue
XN (45°S-60°N ) i [l 4 4Bk SST P, RERMAELGLERBEE H @
(Ensemble Empirical Mode Decomposition, EEMD) €3 J5 15 2 fr) a5 iy (8] 741, LAV BRAE
Br K IPO. AMO 155 540 .
ARICTORYERR TR, BB B SN BT BEEHEEAT T Lanczos JLAFMICIEJE
B, LA BRBEE T AR RS T o ARSCHE BTN (A B34 1934-2018 4F
22 HiE
2.2.1 SVD J5i%
FIH SVD Ik frdb e X & B Z=FEKFEARPR AR 2% 7040 AR & PR . A
SR RS RBEHLX. (167°W~55°W,13°N~70°N) 45 Z=[#/K/EHN SVD 735, HT20°S~45°N
IR DX S RE R A M 7 75 PO AMO. A BRASHE R T B, By DUEBOZ X3R4 ZRIIRAE N

SVD 437, HEAT SVD 434,



2.2.2 ZIulERIA

T VP TPO. AMO. A= BRI AR 2, I A 22 o2t ml I RS 52 & 151 7
IPO. AMO. GW =/MEHTF LR KFEHLX (167°W~55°W,13°N~70°N) AN[A] X 154 H F[F
IKITARAS TR RN o I 1) 22 TC 2 Pk B A

PRE; = B + 1 - GW; + B, - AMO; + B5 - IPO; + ¢; )

%% TR VERABA iR E K . IPO. AMO. GW (4R, By AMEHUR, By, BB,
AEVARBON, e AR REMREIIFRZE 57, AL REHE IPO+AMO+GW fRBE I AR XS DTk
RN

t
iy —\2
 Modelyq, ZiZI(PREL —PRE)

- Totalyer %' (PRE, — PRE)?

2

(2)

Horp,
PRE; = fo + B1 - GW; + B, - IPO; + B3 - IPO; (3)
(2 3 R BRRAUETHE, ~ BRRZ ARSI, %o N ik
TCERMER AT R R T 2, R ER—AZE (Fln GW), FARRMHENELE
(AMO #1 TPO) 55 KA B /K 38 3T () 22 Je 2R P [l I B2, A3 7 FR BRI R 7 2518 M Qe
BAR, HREMAT#EE, 5z VoM. Kk, PO M7 ZTTRE RN :
Qipo = Qrpo — Q 4)
A, AMO M GW )77 % 5Tk AT 73 il s

Qamo = Q;wo -Q (5)
Qow = Qew — Q (6)
(Rltk, IPO. AMO 1 GW 77 Z 0Tk A7t (R) 20 3R A
Qiro
R = 7
PO Qaw + Qamo + Qipo 2
Qamo
R = 8
MO Qaw + Qamo + Qupo ®)
Rew S 9)

"~ Qew + Qamo + Qipo
2.2.3 {5 B i

A, FAIAE R A A D% 7 A R AR AN TR 512 TR A DR R DG R o SR 1M, AR
ki, AHRAEAS BA PTG BE A B A BRI, PRI AN — 8 R E IR G R o (H T 1]
MR R R ARHERT T % O R L. (5 B2 TR (E B L5125, Liang (2014) HTER
TV, 4 PSP BE R I 18] P 178 B I ) N A% 53 45 B R R IA G, A
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DAEGE TR LR 2B KR A B 5 BIRA R BER R R M 7517, 17 H IR R R
PN

5 FE PN B I [R] Fr A7)«
ax, , ,
?zFl(Xl,Xz,t)+b11W1+b12W2 (10)
dx, . .
?=F2(X1,X2,t)+b21W1+b22W2 (11)

XEW, FIW, &AM, Fy, F, 2fmflsr i3, Liang (2014) iEBX, 2 X MEBRTUSE
N:

_ ia(F1P1) 1 iaz(b%l"'b%Z)pl
T = E[p1 dx, ] +2E[p1 ox? ] (12

2O AL BRNE 1€ A  IX B E ACRECAIRIE, pr = p1(x) X IR LR
WRT,oq =0, WX ARX I, R XX BB, 52 Fr B R h /5 5 A6 . 0 T4k
PERGE, fEEWR A A LRI R .

2
A 611612C2,d1 B C12C1,d1

Tysr = (13)
g C121 CZZ - C11C122
AR (13) TR IR BILX, BIX, 0 R RS B, 3hehs
N_ (X — i) (X — X,
Cl’] — 1'1—1( l l,n)( ] ],n) (14)

N
Coy XX HIRER T2, oy X SRR DI 2, X 0l I B 2K SR 324
i 1)

. Xin+1— XN
X =-21=—1" 15
¢ I (15)

A (13) Wi E RS, EREH TEME RS, HTRRY, EdE gt 18 75
B — MRUFIIIEME (Stips etal., 2015). 15 BHHE LW (Liang, 2014). FIH A
(13) BATATLLE RS H PO, AMO, GW X b3 F Hh /K A5 B 1 535 [X 35k
224 AGCM HUE AL

AR ECHAMA KSR (AGCM) #EHAT— R 51 SST BUsthits, #—BiRA
W7t IPO. AMO H1 GW X Filidts B /K (K520 . ECHAMA KSR s 22 Hh [ o 3 R0 7
T R B DA SR AR =

AL T AR KRB A AR A, RTINS B AT 1 R R U A RO, BT AU
42 PEH(T42) 4b 5 =TT o AR LR TR K 22 502 MU W B AR R TE v 0 A BT H B,
A KT 23 (8] 3 R 200 2.8°%2.8°, 4 FEMII% st iy 128 Fll 64, fEFEE JjIn) b



KH 19 JZHREE o [UEASR. B4 X AT ZE{H 2] 10hPa, #H24F K% 30km HIE %
FRAE A AR B AR 43 b KON 2 /NI, I R E)) 3 2 AR B AR 43 5 KO 24 43+, 1E4H Y ECHAM4
AN A0S % Roeckner (1996) 25 TAE. H— NI 30 £, HUG 20 FHHIZER,

AT 20 DMRIHFEAR I — N EES T

3 RS04
3.1 FmdbEMXE . A= FEK BB MERRTZE EE SST 1A
a. B

NRTEALFEIX & H Z= KR PRSI 25 00 A1 SR A (IR A, AR AL 38 Kl
X (167°W~55°W,13°N~70°N) 4 E Z=[F/K1EN SVD K7, (20°S~45°N) X384 5 ZF SST fF
N SVD 4ify, 4T SVD 4T B TRAL R B, BE/K AN SST #idi#483d T Lanczos
O FEARIBIENE, DAIERRSAE S IR, JERBREUIE. B 1L 2. 3 AE RS EKE
SVD r#rghR, K 4. 5. 6 NAFIRRERKI SVD g R,

1(a) (b)) BN E B E RS T, MR T 228 32.7%, 1 1(c) %t BLI I 1] /551 o
S AT P51, Horh KR SST I AI 3 FIAHSC RBUEEI T 0.91, SST B [EIF41 5 AMO $5
BARKREUEF] T 0.84, il T a=0.05 SR, HALKVGE SST 2 N—HOMEE
B, R E EZE SVD TR — 1S SST 8 AMO #i%s. B 1(b)al %1, 7 AMO IE
ArAHHAE], BB X 2 PG PG LT KPR AT R P Bkl ng kb
B /K A IE S, 5% [ 7 X R K A f
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Fig.1 The first SVD modes between SST and land precipitation from CRU during JJA season of 1934-
2018. (a) is the spatial pattern of SST. (b) is the spatial pattern of land precipitation. Normalized
SVD time series of SST (blue lines) and precipitation (red lines) are shown in (c).The black line is
AMO index. The correlation coefficients (r) with *, ** *** gre statistically significant at the 0.10,
0.05 and 0.01 level, respectively. The areas with dots are statistically significant at the a=0.10 level
for (a) and (b).

2(a)~ (b)7 I NEZE SVD % A SST MIFE/K 2K, MRETT 22N 21.6%, & 2(c)
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SEINA I ENSO HIRAZS, DItHhE 23 SVD 70 A28 — RS SST 77y TPO A . il
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Fig.2 The second SVD modes between SST and land precipitation from during JJA season of 1934-

2018. (a) is the spatial pattern of SST. (b) is the spatial pattern of land precipitation. Normalized

SVD time series of SST (blue lines) and precipitation (red lines) are shown in (c), The black line is

IPO index. The correlation coefficients (r) with *, ** *** gre statistically significant at the 0.10,

0.05 and 0.01 level, respectively. The areas with dots are statistically significant at the 0.10 level

for (a) and (b).
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Fig.3 The third SVD modes between SST and land precipitation from CRU during JJA season of 1934-
2018. (a) is the spatial pattern of SST. (b) is the spatial pattern of land precipitation. Normalized
SVD time series of SST (blue lines) and precipitation (red lines) are shown in (c), The black line is
GW index. The correlation coefficients (r) with *, ** *** are statistically significant at the 0.10,
0.05 and 0.01 level, respectively. The areas with dots are statistically significant at the 0.10 level
for (a) and (b).
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Fig.4 The first SVD modes between SST and land precipitation from CRU during DJF season of 1934-
2018. (a) is the spatial pattern of SST. (b) is the spatial pattern of land precipitation. Normalized
SVD time series of SST (blue lines) and precipitation (red lines) are shown in (c), The black line is
IPO index. The correlation coefficients (r) with *, ** *** gre statistically significant at the 0.10,
0.05 and 0.01 level, respectively. The areas with dots are statistically significant at the 0.10 level
for (a) and (b).
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Fig.5 The second SVD modes between SST and land precipitation of CRU during DJF season of 1934-
2018. (a) is the spatial pattern of SST. (b) is the spatial pattern of land precipitation. Normalized
SVD time series of SST (blue lines) and precipitation (red lines) are shown in (c), The black line is
AMO index. The correlation coefficients (r) with *, **, *** gre statistically significant at the 0.10,
0.05 and 0.01 level, respectively. The areas with dots are statistically significant at the 90% level
for (a) and (b).
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Fig.6 The third SVD modes between SST and land precipitation from CRU during DJF season of 1934-

2018. (a) is the spatial pattern of SST. (b) is the spatial pattern of land precipitation. Normalized
SVD time series of SST (blue lines) and precipitation (red lines) are shown in (c), The black line is
GW index. The correlation coefficients (r) with *, ** *** gre statistically significant at the 0.10,
0.05 and 0.01 level, respectively. The areas with dots are statistically significant at the 90% level
for (a) and (b).

Z3 b, 38R SVD 3 HT Al WL, XL SE R AR X DT I 2L SST A E F 9 AMO
(32.7%) FTPO (21.6%) XZENIHN IPO (42.3%) F1 AMO (23.2%), GW XfdhIEffi K
FMREUIN . I GPCC Rk BERIEAT SVD J0#fr, ARSI (KIS ), 1X BLANH Y
3.2 BT

SR IG5 Hh X [ P /K AR AL K SST LS 32 %04 IPO A1 AMO, 1T GW ££ SVD [T =
FERESHRAREAIL. AT DI PO, AMO LL K GW X b 3& 1 [X i Hb F K 52
Wi, AR —Je e AR, Rk R A ZFERIREK S TPO. AMO M GW 5 40#E47 0]
5. TPO. AMO 530U K /K BB 40d Lanczos JLAERIEIEN, GW #8%4id EEMD i
. IPO. AMO. GW FEELIII 8] 7 51 ARG R BN 7 P, = MREC R o< R 5
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Fig.7 Time series of the 9-yr low-passed IPO (red line) and AMO (blue line) and GW (black line)

indices from 1934-2018. r is the correlation coefficient between the three indices.
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Fig. 8 Regressed land precipitation from CRU (mm mon?) in JJA (left column) and DJF seasons (right
column) onto to the normalized indices of IPO (a, b), AMO (c, d) and GW (e, f). The areas with

dots are statistically significant at the 0.10 level.

8(a)« (b)) CRU HE. Z[F/KXS PO FREU[AIHEEIR, T8I B 2 PG I0 X I a5
5 SVD 45 R(E 2(b). & 4(b)FA 2, #EPIRAE T IPO X bS5 X PR AR LR o
HIXTEZFEM S, PO X ALELFERFRFKEA BE R0 /£42E, PO IEMAHBIE, b
FIMF PR K B2, LM B X PR B350 . H2=, 1PO Fa% 5 36 ERH 73 Hi X
B 7K DA TR X B KON IEAH DG, S5 INE= KU FR X | SR 00 A g ff X Fa /K Dy Sk 5%

Kl 8(c)~ (d) CRU [E/KX) AMO Fa#flal Va4 5, i B 2 A 5e 1) X | p) i
SVD ZiR(E 1(b). E so)EA—F. MHNEAFTMT, AMO XILEE FEARFRMFKES
RERRN, fEEZE, AMO IECAHBIA], JESed b pudt X . S5 v0 R K B3, Tk
LTI IX L PG ORI ORVE VRN T IR B B B K R E N, 42, AMO
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FRAS 2 AR 4t X O S5 3 IE A G

8(e)s (DN CRU F/KXT GW fREUMEIELE K. HF, MELNRERE, ey
B R R U IX . ORI AR X L 2 T G LG R A SR R AR R K, i
[ P R KA s 42, BEAE A BRARHE , ORI DX S5l R /K 1 o, m 5 oA o 7 i X e K 920>

— JCERE A 53 AT (1 25 SRRE— D BOAIE | H et L Se ik M Bk = AR S ) 222 SST A
N AMO. TPO, TMAZENFEN IPO. AMO. HAEE R GW SISk b v A L K b
X IR K B EE I, TR AE, BE SRR, TN X K sgn, mings K
P {E A AR MY, KT RIS . 5 RB 5 X B K2 3 2 MBS 3L
SN, AR = RENRBS MR E, TR E AT IPO. AMO. GW X bSEF
AN 5] DX SR B K R TR o
3.31PO. AMO. GW Xfdb3kFitth f/K i 75 ZZ TT#R

AT 2 e RAARY, 25 H IPO. AMO. GW =35 X} b S fifi Hu B 7Kt 35 Fn £ A B
AARHIRER 7 ZE ok 7 AT (94 10D BT HHrinsh X (167°W~140°W, 60°N~70°N)
% EH A £ (130°W~70°W, 30°N~49°N) . Bl 5 K ( 140°W~55°W,49°N~70°N ) . & i &}

(117°W~93°W, 15°N~30°N), 735l i+ 54 B Z= DA IR ARX 7 ZE ok b b (GR 1L 2D, 5
B PO AMO GW S PU AN [X 358 s b 7 7K (0 8N 4EA R BRAE A AR AR T 5 2 BERR K/ o
a. HZE

9(a)y 1934-2015 4= AMO. IPO. GW X & Z={6 356 flith [ 7K 1R & 77 22 DTk 20 A Je =%
(RIS TR, BT 457350 0 76 P 5 K v e A AR R AL 3 L FORWI AR X, IPOL AMO.
GW =3 T LLERE 80% LA 1B Z= P K AR AR BR 5 22, BT in A< JLE . IR vafEk
WER P SEETEHE . ARV EF RS, = T DA 60% LA E FRREK M EARR T . A
1, AU, =t R inih X 2R K87 ok, K2 34.7%, sEEA+R
A 22.9%.

H% 1 FIE 9 AT,  IPO. AMO. GW =3 A LARRERTHy i it [X. 34.1% 5 Z=F4 /K 1
FEARPRTT 2, AMO TiRkER, 1EE]T 65.8%, GW IRZ ETTHRA 20.0%. M RIIX, =4
A DRI 30.0% 5 ZER K MAEARFR 7 2, GW TTlki K, A3 T 44.5%, TPO F1 AMO [
SRR 994 30.6% M1 24.9% . 36 [ A+, =3 7] DUARRE L 22.9% 2 Z= [ /K AR PR 77 22, GW .

AMO F1 TPO [ TTHR 2> AN 36.8% 35.6%F1 27.6%. =PGaF, =FH A IR 24.0% 5 =%

2

\g

KA 2, AMO. GW F1 IPO BTk 758 37.2%- 32.2%#11 30.6%.
B2, PO X InEE KA S8 74 EF 3 X 7 25 STmk sk, AMO SRl fz 707 2 sk Eck, GW
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ISR RT3 2 STk K o
b. &%

10 4 1934-2018 5 IPO. AMO. GW X & Z= 05 ikl 7K (1 50 75 22 Sk oA Je =3
(IR BT MR B 400 176 0 52 K R 0 A AR AR5 B R 0 % LN 3 7 BF A8 A TPO
AMO. GW =% 7] LAfi#RE 80% A b & =K AR 7 2. 4563 2, ATLASH = X 257
T Z TR, 183 41.3%.

H# 2 AIE 10 7T,  IPO. AMO. GW =3 1] DUERERT Hr B inHh X 27.0% 4= 7K (1)
FRERTT %, EIEMRTT 2. %475 GW Tk K, B3 T 62.3%, AMO #l IPO TT#A >
7 19.5%A1 18.2%. INEEARHIX, = 7] DARRE L 29.3% & F= [ K HIAEAPR 77 22, GW BTk
K, IEF)T 44.7%, AMO 1 IPO HITTHR 7> 5l 7y 28.8%A1 26.5%, 5 HEZFHAL. KEA L,
AU 24.7% % EKINFRBR T 2, PO MTTEREK, & 47.9%, GW F1 AMO
TR AN 26.2%- Fi1 25.9%. SEPGEF, —3F 0] LMEREIL 41.3% &= KIMERFR T 2%,
IPO TR G A0S, 5 71.5%, AMO Fl GW BT R AT 16.5%F1 12.0%.

A2, TPO X B PU AL IX 5 Z 5TRk R, AMO W& K. SEEA 45 Z 5Tk K, GW

Xk B i Tt [X 7y 22 Dk d oK

F 1 PO, AMO. GW X P/ X 5k 5 2 [l i g /K 1 7 22 DT A A R 5 RO R0 75 22 ik L
11
Table 1  total variance contributions of IPO, AMO and GW to the low-frequency variability of land

precipitation in JJA and the relative contributions of IPO, AMO and GW, respectively

[PO+AMO+GW IPO AMO GW
[EERIIN 34.1% 14.2% 65.8% 20.0%
JIEDN 30.0% 30.6% 24.9% 44.5%
FEA L 22.9% 27.6% 35.6% 36.8%
=274 5F 24.0% 30.6% 37.2% 32.2%
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2 IPO. AMO. GW i PUA X 45k A 2=l b FE 7K 14 58 5 22 DR EEA B RO ARG 7 22 Bk e 451
Table 2 total variance contributions of IPO, AMO and GW to the low-frequency variability of land

precipitation in DJF and the relative contributions of IPO, AMO and GW, respectively

IPO+AMO+GW IPO AMO GW

Bi 4z 1 m 27.0% 18.2% 19.5% 62.3%
JIE-DN 29.3% 26.5% 28.8% 44.7%
FEAL 24.7% 47.9% 25.9% 26.2%
S E 41.3% 71.5% 16.5% 12.0%

150W 120W 90W 60W 150W 120W 90W 60W

Summer AMO variance percentage

] DT o VS 3 &
- ~ L

150W 120W 90W 60W 150W 120W 90W 60W

\ [ I I
01 02 03 04 05 06 07 08 0.9

K9 1934-20184EIPO. AMO. GWHEH B Z=CRU M L FF/K i 7 Z 5Tk A B . (a) A =F X B¢
K AT CASERE (1 J7 22 DTk, (D) (€)~ (d) 23 7IAIPO. AMOFIGW IAHRT 75 22 51 ik L 51
Fig.9 (a) Total variance contributions of IPO, AMO and GW to land precipitation from CRU in JJA

season of 1934-2018, and relative contributions of (b) IPO, (¢) AMO and (d) GW.
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Fig.10 (a) Total variance contributions of IPO, AMO and GW to land precipitation from CRU in DJF

of 1934-2018, and relative contributions of (b) IPO, (c) AMO and (d) GW.

3.41PO. AMO. GW Lt3efiHhfEK i B R 24

N T BB IPO. AMO. GW A2 T AL SRt K iR R, A1 ik 5 1
IPO. AMO. GW Xf bEFli E4E (5-10 H) MIZRFE (11-4 H) BEKRERER Cy TR
MEZHER, X7 EPEMPERME BRI B TE BRIt Sl i i
FEgRTE, AKX IPO. AMO Fil GW FRE LA K H BE/KBEAT RIBIE R, DU LRI ALEE, JF
X} 45 AT B TR .
a. B

K 11(a)s (c) « ()% IPO. AMO Fil GW X} 4b36 & F4E Rl B K M5 B i . HIE
11(a) T 1, TPO Xf & E A pa s, g K piis, ia AR A 0 A0 25 v BF A — e LR
BRA&, Watigid IPO 7T LSRR LXK KA, X5 8 (a). &l 9 (b) IPO X B2 [F
K E BN 73 A A0 75 ZE AR TTBRER X A — B E A —E 20, XA se 5{RATA 7
Frig2Z2 B0 T K E R AR [ 581 (ACRERIN R P AU ZED RIE BmA K. B 11(c)
Tox AMO Wb SERS R - KBS SR 74, AMO S FaH8in Ing K B 46 &
bt FEFEHR. B HEKAE — ERR R R 5K 8(c) B 9(c) AMO it 2 =%
TR TETVE 5347 7 ZE AR STRRECR XA — 5. [ 11(e) N GW XL i B AR K
AE B2 AT, GW SRR 37 n 28 TR X PG J6 A< g ) s I B KA AE e Z I LRI R, 5
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S [E AR, SRPHE KA —E IR KR, GW XTIk 32 Mt Bk 445 B /K K 77 22 DTRRER
KIX I FEZLERTR I k. EEARILHIX, AE BRI REA—F (E ), W
FEAKI R T ] 8(e) 5 GW [ml A AL 26 5 2 [ /K AR A0 10 k25 [X 3o

b. &%

K 11(b)s (d) « (DR IPO. AMO 1 GW X} Ab3E &2 AEFl b B /K (K45 2R /0 AT . B &
11(b)FT 41, TPO Xf 36 E R HE . ZR i S b 2 Bk IX . SR VG BFrh AL B/ 4R H 2 &
RERR, MahRUl PO AT LAG|ADIX L8 X 48 i sk 2 1) B /K 324K, TPO N 5= K FHEA] 37 47 im i [X
FIFEK A BRI REER, X 5K 8 (b). Kl 10 (b)H IPO X E ZEFE/K K [AH 73 A AT 2240
X TTHRECR X — 3. Bl 11(d) Fon AMO b SERi 2 L AE R K S B oA, AMO 5
W AR ARVE A L S5 [ o AR S5 74 A b AL B PR AR AE — U R &R . (HAHX T PO HIME
B, AMO XK SR %, HA5KE 8(c) K 10(c) H AMO f1a1 )5 R E 5 A Fl 75 22
TUEREL M At — M ZES . B 11D N GW XL R AR E R KE BiR a1, GW 5
Be - B 0 A 1 2 T R b X P8 b 2R e [ sk P K AR — 2 B RR B &, HLS 1 8(F) 1 10(d)
H GW & ZE R K IR [ A 73 A1 FH T ZE A SRR X 38— 3
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Fig.11 Information flow from (a) IPO, (c) AMO and (e) GW to CRU land precipitation in May-

October. Information flow from (d) IPO, (e) AMO and (f) GW to CRU land precipitation in November-
April.
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B RS/ SVD. SR — Bkt —BRIAE T IPO. AMO. GW HIA&Z{L 2163
Rl R K R . HaX =ANEFAEARRIZET, AE IS AR AN F .
3.5 AMO 5 1PO X [#/K 224k 82 ma i BURAE IR 43

N T BT AMO HIPO X Filidth Fe K SEARPR AL RO 5EME, AT T(E AT ECHAM 4.6 i
AGCM HEAT | T2 SST BUBEX IR S . a1k 3 Fow . #H)i58 (CTL X548 AU SST
SAFHIRE) ECHAMA.6 KA. B 12 45 H 725 Lanczos fIRIE & PO 1 AMO Xt
4Bk SST Wm0 Ao IR I, 5 TPO AHOCH] SST M- LR ILZ M (126 El Nino
R B R DX IR 0 R B35 I IR S RS, VF 2 AT P SR B B R R (R AR AR B
RBrA24L 5 PO & JE A% (Coleetal.,, 2000; Hanetal., 2014; Dongetal., 2016). AMO
R IEALAHR I N 5 6 R PEVE 23 IR BN SR AR OC . AE 3T BN BE VEFI AN PV By
IEAI5%. Mohinoetal. (2011) WK, AMO I IEFNT N AT B i 574 SST. {H
&, A I AACRPEVE B IE SST 7% s AT B EEVE B 67 SST S 5iiE K RESRAS
B 8 [X B /K 38 0. Zhang and Delworth (2006) i hybrid #8417 2 7 pEAf#h X
(T RS o FERATIAF TS, BRARTE R EDBEFE L IARE NN IE (47 SST 5, #5)
TR AL R PEAE RN IE (1) SST i SR RAT B B5 AR B X e (F5) izt

# 3 ECHAME4 {56 1) it i %

Table 3 Summary of the ECHAM4 model experiments

BB B SST ¥ Xk

P il R SST S A2
warm AMO_NA i X

I b B 2GR P SST IE 74
cold AMO_NA
AMO % :

warm AMO NAI N b gk 2 ALK PUFE A BN EE v SST 1E
cold AMO NAI U
warm [PO_TP

0 b B e 2 G AT SST IE

IPO iR | cold IPO_TP
warm [PO_TPI I b B 25 FG RS PERTEN FEVE SST
cold IPO_TPI IESH
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Fig.12 Regressed SST (°C) onto (a) IPO and (b) AMO index. The rectangular boxes are the specified
SSTA domains.
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(a)Model Summer Precipitation (IPO_TP)
L

(b)Model Winter Precipitation (IPO_TP)
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Fig.13 Simulated precipitation anomalies and 500-hPa wind anomalies in JJA (left column) and DJF
(right column) seasons for the IPO_TP experiment (a, b) and IPO_TPI experiment (c, d). The
experiment refers to the warm run minus the cold run. The areas with dots are statistically

significant at the 0.10 level.
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Fig.14 Simulated precipitation anomalies and 500-hPa wind anomalies in JJA (left column) and DJF
(right column) seasons for the AMO_NA experiment (a, b) and IPO_NAI experiment (c, d). The
experiment refers to the warm run minus the cold run. The areas with dots are statistically significant

at the 0.10 level.
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Fig. 15 Regressed wind (500hPa) in JJA (left column) and DJF seasons (right column) onto to the
normalized indices of IPO (a, b), AMO (c, d).
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