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Abstract Based on the daily surface air temperature (SAT) gauge data and global reanalysis datasets
from 1961 to 2016, we revealed interannual variability of SAT over Northwest China (NWC) in
May and September via observational diagnosis and numerical simulations, and constructed their
corresponding seasonal prediction models. The results show that: 1) The first modes of SAT over
NWC during May and September are characterized by a similar homogenous spatial pattern but
with different interannual variations. 2) The positive anomaly of SAT over NWC in May is related
to the tropical zonal tripole anomalous convection (precipitation), corresponding to tropical SST
anomaly during the decaying phase of La Nifia. The extratropical teleconnection wave train excited
by the tropical convection anomalies lead to barotropic anticyclonic (high pressure) anomaly over
NWC, which increases the downward solar shortwave radiation and causes the increased local SAT.
In September, the tropical zonal dipole convection (precipitation) anomaly that associated with the
tropical SST anomaly during the developing phase of La Nifia can trigger barotropic anticyclonic
(high pressure) anomaly on the east and west sides of NWC, leading to positive SAT anomaly over
NWC. 3) Based on the SSTA predictors associated with the decaying and developing phase of La
Nifia, the seasonal prediction model for SAT over NWC in May and September were established
respectively. The prediction skill in terms of correlation coefficient during independent prediction
period (2006-2016) can reach 0.74 (0.62) in May (September), which provides a reference for
seasonal prediction of SAT over NWC.

Keywords surface air temperature in Northwest China, interannual variation, tropical convection

forcing, seasonal prediction



1. 5%

H T PG b DX e BT et 938, FEDU R Sy LIRS, B T3 330 7 oK (1 KV DA
BRI, BRI FREARE TR X R AR RS S (MRS, 2003), HikE
e AL, PaIbXBEK, RERRR, 2R BURX A ESISX (KRR,
2000; T—ICHESFIE, 2001). EAIRBIEIRERT, FEILHXEURRERE T 235
Al o BEATHACHE X BRI R TS FEASE &S O X%, 2002, 2003; Weiand Wang,
2013; Wangetal., 2017), H.7G 612 <RI DI AR T Bk H At X B L (Lietal., 2012);
VG b DR Sy U M P K At B R 25 M I (Chen et al., 2014). FE/KFIHLEE SR AL 2
M PEALHX T 5 E T RAR N E AR AR T X K R RSN (FR
KKK A, 2009; Lietal.,2016; Wangetal., 2017), {(HHT2REEHFEIN™E. S
A X5 o R T s AL 3 R R S T v P R IR A8 R B (Wei and Wang, 2013).
PRIE, 28 =R B AR PR B IX 5 2R AR e B0 B2 . A E b b X i
AR AR S A3 e L AR AR IR RE 7« B 98 A 76 43 LR A B
BLSRE X (FRKEE, 2002),

N AN D4 T AL M X MR R R AR AR AE A DRFR It 57 o AT 7 K 9T« v L
Hu X AP R A SR A AL I X — B B iR & % (5K5985%, 2010; Lietal,,2012; Chenet
al., 2017), f ARSI EE T E (ISR, 2002) . R m/ARE H 30l 2 82488 n Qb
@A (R 5%, 20125 Zhangetal., 2019), 177 sEHL X2 AR b s 8 AR = 2 X (PhER &
S5, 2011, HBFFURE, ALK 2 7H A1 AL i 2 5 G G X b 2 il AR e Fr) %
RS R G AT A ALK TG %5 2) T L3 B0 RO KR R R B R i e Al
FARAEZS [ A3 AREAE, 20 P ALt X Hh R IR Z 1 528 0 A7 LB A E 75, 2007),
T 48 2B 598 1 7P A1 R 0 755 6 2 S B0 P AL b X AU - (Li etal., 20120, HeAh, FdbHbX
RSB SRR RIRAL N K. MR WA AR, P60 R SRR 1K
MR E ZE Rk, PEICE RS (RS, 2002).

VE b X 1 2 AU A e A 52 B I FE 57 s . TE LR JB T R R AR, E TR R

AR e BT S MR N s TR JE /R JE VR SRR, R 2 ey SR AR I A b SE b X
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IR CEREFERIZSHR4E, 2004). Chenetal. (2017) XA TR FRRY (Pacific Decadal
Oscillation, PDO) #5#. AL RPUHFENRFFRY; (Atlantic Multidecadal Oscillation, AMO) i
HO5 P X i e SR AT AT R AR OCHT, RILPDO (AMO) 57 X Hh < IR A%
FAPTEM G 3 & 21 4F GHEAG 1 &2 14 4F) MRE EME, 20 tHhad 90 A4S AL X iR <
2 IEAA] AMO £5, B3 LTS . BbAh, BTHIA TR G AT IR i
S WA DR N ETIRAE 5 TR AU T PU A M X AR 2 R R AR R (F 274,
20000 BRI FE 5 5200, 5 e SR Bl AR B P b DX 2 R A 3 R
U] o 352 5 vy 5 AT o B S (3 5| 2 75 T L [X. S00hPa “ R IE VG 477 w8 57, 3
HFEPGACRTRIE . POimiR (MRS, 1997); 1 2475 R & 20 i 5 7 i, 74
Al X A= R AR A 1, 0 B 2R Ul i (FR2b B34, 2011); 7578 Ji %% 500hPa
ARG 1 5 P2 18 Kt T 3 B8 b X AR i 5 Y S F39 2 (Chhen et al., 2014)

MNP b X1 25 3 2 A R S 38 S AR ARFAE W L, b X X - A IR 4
4°C, Hrbra %10 AR[R&ETHEME, 7 Afs, 8 Hfle Az (Bl 1a). 5 A
9 HIITEAL X P R SR AR M (9005 11°C), Hsfa 40 (Bl 1o Fl o) AR HAH
AL, AR AR R AR 34 B A 3 1 SR OG0 R (R R R ECN-0.28, 8T 90% B A5 /K,
XEWAE 5 M9 HBRTESES BN, (AFEFEIRRR AT REAAEA—RE M) ki .
A, F2E 3 A5 4~5 A X R R ERRZR R I TR EMK FHIR R 7N 0.06
H1-0.04), THKZE9 HE 10~11 H PUAbHh X R R E PR AR R WA R ZE K (KR
Sr29 0.21 F10.10), Fr LATE LI IX Fr 2 RIRK Z 1 ) 1 38 Ul I A RE LS e 5 HAT9 A
HERRAES . 5 HA 9 HRAILIX ERIE . H BT 1, 1R R IEYHRERAIIRL
AR A AR = I8, X P H MR AR AR BR AR O AR P2 R MR, Sl 55 B B 4506
ER A FHik, FERTEIbHX 5 AR 9 H SRS P bR AR 2 1S TAE Y E L
i, JF AR R AU PR | AR s b A R A FE T O, X AR 45 G b X Rl
A EEMNE. ST, AR EEMR LT AR 1D PRI 5 A9 H
FAREFRR R ? 2) FEIbHIX 5 H A9 H Hh2 l A br A8 5 1 i =0 T AR F s

WLt A2 3) WA AR AL 43 ) S va At X 5 5 A1 9 H Hb 3 <R i 215 Fldi s 2
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N EIRREE R, ASCAE G2 WA BB A ORI, #osra bt 5 A9 At
ARV BRAR R I S O AR LR, I R 1 W3 - BT LA A0 2= 75 7

AR, DUHIATEIEHIX 5 A A0 9 H <R FE R R i He 2% .

2. IR, HIEMEK

2.1 $#E

ASCRAEARESE: D BZRARME R ORAEN CNOS. 1A% A EdE (T 2416 4
B u I BORHEE D IZ H 1 R, A2 91308 0.25°%0.25° (REMEYA, 2013);
(2) 3 E B Fd 0/3E B H K RSB H0 (NCEP/NCAR) 4BRiE H FE 2 Hr 8l
£ (Kalnayetal., 1996) (BB mE S KV RI7), KPR 2.59%2.5%; 3) BRiHH
HIRATR L (ECMWE) 1) ERAS FLr BT8R 1) H -~ 38 2 KR8, ACE RN
2.5°x2.5%; 4) S E E FIFF R TE HR (NOAA) FRAL 3215 5 7 2 509 55 1L (ERSST
v5) HIAER AR, KP4 #E%0N 2.0°%2.0° (Huang et al., 2017); 5) 3&E KRS AR
PR ) 4R E 2 47K (NOAA Precipitation Reconstruction/PREC) [ H P-4, /K F4r 9%
#H 2.5°%2.5° (Chen et al., 2002). A3CHGETHE W7 M LA S HINAS AL B ASE AT FH 25040 o B Ay
1961~2006 4 CYIZRIAD , i 2007~2016 4F[8] CHSL TR ) Hca A SRZEAT S S Tt i A

56 LUK I A 1 RS E VE I 12

2.2 ik

A pudei X OEEE. HiEE. . TR B RA/ AR X PEALHERR R B R AR
oy e MRG58 B 9 P RERR R RSB RAZE IEZRE
(Empirical Orthogonal Function, EOF) (Lorenz, 1956) FJ5 i3 B b [X b % SR 4F fr A
HRGy 5 RIS 23 3 AR RS o R A G 23 B A [R1)3 73 S5 7 VAR I 5 1 B e URAHIBR R RS
IR 55, MR AEDE MR A ¢ R g A B E v . ASCRIH 2 e gl

{5 128 ST S T A (Li and Wang, 2016; Zhu and Li, 2017), SR 355 575734 (MSSS)



FIES A AR 280 (TCC) VAR A T $52 75 . MSSS Ko B Tk (132) 77 i % (MSE) [t
CRAESTER WD BIE 2, BUEBREET T 1 ACR TR 25N . T TCC $uffdEin T

1 RSB RSN Ty

2.3 R

ARHIF TR FH v 55 51 5 P B 1 5 A BRSPS xR AR T Ay eIt S5 B2 i) G 1 3
X 5 A9 HhRSIRMPENIH] . 1245 20FE T35 [ o SR HLIR A 5250 5 10 5 KR
TR HELERE R (Held and Suarez, 1994; Li, 2006). Ui o AFEEALKR (o=p/ps),
H 5 MLINAIN sigma ZHK, KUEW 0=0, JKZ o=1, [HBGHN 0.2. Hz5HIFLEL
NCEP/NCAR Hor 5 8E 5 H A 9 F 12 - E R a0 o EBLH I N AR )RS
IR QAP SRIEF 35 K, KA 30 2 35 RPN KA IR T 5 0 By X I 5 8

SR R S IR E 2

3. Fadk 5 AA 9 AMRSIBEIRERREIF LR

Kl 2a. b PadbitiX 5 09 H P2 SR AE bR 7 & 1) 55— RS ) 0 A . 5 H A9
H RS — S0 BIRRE T % H 61%M1 49% 877 %, ¥R HMSL IR (North
etal., 1982). 5 HF1 9 H-FRRABRIMA S X — B AmRHE, Ho v ot X A6E A%
MRAEX, AL #Emg. B 2c A 1961 42 2006 EpidbhX 5 AF 9 A Fihhk
SRR R — B  E R R P ER—3R102, 5 M9 AR TIRFERERS
4 5 Wi e AR H 20 R T 95%/5% 9 hi kg SO i AR IR H B0 CR AR,
2003) FIAERRARZRAFERE A 5 AT 9 H R R A bR 2 5 m i (IKIRD B
B FRAR 2 B R E4 5 0.58 A1 0.52 (-0.68 F1-0.53), HJiliT T 9% 2 & MK -
X BT ALIIX S A 9 H ST Hapt e S IRURI AR it e AR H B A B0 — B0 A R AR SR AL
DRI, P22 b 2 T P AR AR o o A UL H 1252 BB P B FR R ), B AR bR

AR AR TR o 7R T SO, AT PEALHIIX 5 A1 9 P2 2 U i) 4 bR AZ S LB



LT PNIT e 7e,  Fids 20045 R fesd Al A /AR H PR AR =

3.1 Giitishi

XPEAEHIX 5 HA1 9 H R R TP R AT 25, AT AT 23Kk 5 A
A9 HEAREINA . MR GEERIRED . FEKIX & H M7y (PC) BIH. fi& 3a 7]
B, 47EdL 5 A RAENIE SIS, Pt AR P R S s, T A R
PRGNV R AT D0 55 1) 57 0 T P S o 5 A A U R TR S5 T L 1 2 A
i 2 1] AR R o A P ACFPE IR RS (B S8 LA B AT BB PR o 7R RSP PE I
Fo (KD S (B 3b). fEXFPAGERIR AN HIE T, 5 Avdx B2
SRR AR I SRR (i) SRl @2 w5 O 5 H R SR IE R A
PSR R, VWA EREEG T, P X BRI =, AN 7w A P i
R, SRR R (B 3a).

59 A FEALH R R IE 7 3 AR IR (12 B AT P R IR B A T (AR B e A
PG AN IR T 10 2R PRy i e o S A AR 2R o U P S B MU
“THIEZR G MR GHR (FEK) B %% (Lindzenand Nigam, 1987). REANHAGH: ZR EN
FERIGPEIE KRG X X (BE7K) IR, MARIE P AR AR (KD . 78
KM RETERAD R E T, 9 Avudbh X B2 FEAE HEAE I R R S (Ris) =, 1
BRI RAERN, 1m0 R KB R S B vE b R R IE R (B 3e. Do

N T B UE R RIS 5 PG A AR R R ORI, FRATTHRE B 3b, d B B K S
WAME ST 5 AR 9 HXHA R E IR il 3b fR, 5 AR (FKD S s X
SN BN REVE BRI KB (TT X, 20°8~7°N, 60°E~140°E ), #4i P ACFPE(T2 (X, 20°S~20°N,
145°E~175°E), AR A R FEE (T3 X, 12°S~5°N, 180°~125°W), FATE X 5 A xt
=T 485 (Tripole $8%0 y T2 XA-F- ¥ FE/K K2 T1 A T3 XIFFEK (T2-T1-T3).
i 3d frs, 9 AR (FoKD 5@ Ses XA Tt KRR (D1 X, 10°S~25°N,
70°E~150°E) FIFH HACFEE (D2 X, 10°S~7°N, 160°E~140°W), FrLhsE X 9 H#ar X

#7454 (Dipole 540 74 D1 X3P R KIS 2 D2 XIS EIFEK (D1-D2). d#id 5
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AL E] 5 A9 A P bR IR FRAE #7355 Tripole Al Dipole fEEUH % R %7071 0.42

1037, YT 99% EAE KT, B GRS TG At R SR VI o

3.2 HEAEHR

F LS [ A FIAH DG A T, PEALHBIX 5 A A0 9 HIRURFERRER 205 5 H #al
S AR R 9 H BRI B AR XA S A D% SR, A SR R R
—EAIEF R KR PAERIBEFHIE 5 A9 B MR 5 Ge 75 2 mi b = G 1k i
A ANATEENE 2 T A MR B S AT DU P A B R 7 (Lindzen and Nigam,
1987), BRSNS FH (Horel and Wallace, 1981; Nitta, 1987). &3 L #:4¢ H]
R AR AR (R -], RT3 R e v S AN Rt T 5] A ORI S
ISR 22, RIS A S A At TS YRS D BB /K /R I 5 8 U DR KU I A b s R
T FERE A 25 5 I b A SR B DX DR A st B AT F B AR R AR A R iR I
SKIREET, TR KA IR A R I 0 1 )

495 QA9 AR (BEKD) REXFIRIRLRINPAR I (Q1) MEHEFHL. WK
4a WK1, 5 A T1 AN T3 XEOYARLGAANX, HRAEZr AT 300nPa A1 150hPa BTk ;
T2 XIBAFEL RN, BRAEAL T 300hPa fiiT . FRAEII, FRAERF45 @ T1 (T2)
£ 6=0.3 (£124 300hPa) A KM (B %, £ 6=0.5 (£1°4 500hPa) If[EZE 70%, 1E
6=0.7 (£14 700hPa) HFFEZE 40%, 7F 6=0.9 (£ 925hPa) F£7E 6=0.1 (£124 100hPa) I
B2 10%. 25 7E T3 £ 0=0.1 B A o Rve 203, Bt BEJR/INTTE 8. 1M 1 131 4b m] %, 9 H DI
A AN KAB A7 T 300-400hPa FTIT, D2 E A5 JELE A EI R A AE tA7 T 300-400hPa
BEE (B 4b)o R, BAEHRFL5E DI (D2) 1 6=0.3 IR GAHD %K, # 6=0.5
B % 90%, 7E 0=0.7 B [EZ 50%, 7£ 0=0.1 F#% 30%, f£ 0=0.9 [£% 10%.

52 5 H 200nPa £7 % = 3 A0 A 0 #vits KA ARZa RN GAHI) i [z BB B[] (1955
A, 2S5 HRMEE =T, FNSGH T1. T2, T3 KB FAEAHni GAHD, #14 30~35
REGEAN, s BERSHR T HIR (B Sa). PHIbHh X 52 AR s 0,

TR S UREIA AL PE AL AN AR B 0 0 A A2 R PR A, I SN BORIa el (B 3b). 1
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=T AR I A B e AR I B SR 2 D e A I ) JER R — AR B
HEAER], BATASN T =520, BRI AR 4 E T1 XU, T2 XAWE LK
T3 XV, M Sb Al I, SEMessE T1 XA UER, PEIbHb X PE M 2= e ag iUk H I Uie
YRS, SRS H P AR U R, S5 Sa ARl s E T2 XHH
I (B 5¢), BEATIILHX 2 3 [AUNE CGalk) s, ERAE Gailk) AL T1 X
P VRN PR B SURE S B BRS04 B S8 T3 XA UEI (] 5dD), PEALILIX B BEAT 5+
HIA N FHIERT I, 5 A PEACHBIX b S S AL S 5 3 252 JAs IS v B PR KR
(T1 XD BRATARIEIRSD, HUGRAGT TR (T2 XD KA B ol i bk
e (T3) XORARATRAESE A -

Kl 6a AR FEIE 45 € D1 XIRINFART D2 XIRAZIEF, 200hPa {7 35 i FE 37 Rz 5t
o KA AR RN GRED) W BE [E R4S . BRI, #E 9 AR R T,
73 30 RAAT HBUARG E AS IR SH I, PE G DX R 7 PO R B 55 I A g AL S o B U e
PERIAL,  ERAR VGO AR S U e o AL B S N i v (B 3d)o M ERATHRIES E D1 (#
PO W, SR E D1 JNFAN D2 ¥ I UTel,  paAbth DX AU Pl 32 7 8 s e i)
i (&l 6a A1 6b); 1 454G € D2 WA, PEALHBIX b2 0 B35 MR e o L ([
6¢). [RIL, Hviy EIEEVE SRR KRG (D1 X BRARIE S H 9 ig st 9 H et X B4
PUREEIA R R N T R

gi b, BEARI SRR W] PEALHIX 5 AN 9 R IR E PR AL H 2 Pt 4 [F) g R
B2 7 R S AR A e O D R B AT BT BEVE BRI KR SRR DX 5 H I BRI
SH (T A9 XSRS (D1 2355t 5 HF 9 520 75 b % 0l 1E 7 % 1) b4

SR R L S .

4. Tk 5 AA 9 AR SEAIFT I

4.1 BEEUE- T ENLH] R E T
ESCHR T RGBT . AT PRIRIR 4 S A SRR (B S 2R 13 A R



Mg ILHLX 5 H A1 9 A Hi R AIRAEFRAE R HESFE . 5 A B =R RO A A 9 A A
AT 5 AT 6 B R A R R T 502 B 7 R (10°S~10°N) ~F31ig
FAREARR (FE7KD x5 AF 9 Hitdeti R <R E ks (PCO RIS [
ik 7a Bras, STEACHLIX 5 HIERAIR I 57 H AH DR R JE SRR SR A 1 A VR e
Ao CERLRRFEIRAIAHRT, I (BE7K) S SRILEDREBE S KPP = R4 A (& 7b
FE 3b). M TEALHLX 9 M2 IE 59 % PR i SR 8 Fee ST P A Ml o 43 A
I 70 o 1L JE 8 Jr AN AL 1 Vil S5 5 X IS Al O STPE AAI — %e 3E S5 5 A1 (1 7d R 3D

BT B SCHR A SO LR FR S AL, e AR AR IR (S S ok aL e L S
AR 9 AR AR PRAR SR A Govt TR RS 2 A7 U R 00 DR (34 B 3 G A o 2K S
55 —RRREMETNEF G2 A RTEIRE), RBRREEAAR IR 7EL
MR AR S — SR IAVE TN N T CRT RIS (R AR A FR 22 53, J il 3 UL 3 Vi A
EFo0] PE AL 2R SR A 52 o B BT Rl P S AR (Li and Wang, 2018): 1) Y
Prik BA Y E L 5 AR 9 AR AR AR B SR R VR N N R, ke Sr
TAENLEI BN, MR Gt TS T A AT e v 20 F5u BN 5 T v
B AT ARG LT PRl 2 [ AR BT, DLARAIE TS0 A B A 5 v (0 T 75 SUAN 22 7
A 3k A ) R T A8 A5 0 ST SR T 4 T 5 N R

B 8 AMRIREHMIES/HE 5 5 9 FFGAbHaR R AR % (B AH ¢ R B =
)3 Af e B0xF 5 AU RAERR AR, RATRE Kl 8a f X1 A& 8b H X3 X P/ MH
BT R E TN R T (M RN 027D TR T X1 NRTH 3~4 H P8Rz
PR X 2t (30°S~20°N, 40°E~140°E) FFEEA IR O X1 #7444 Indian Ocean
Basin Mode Cooling, TOBM). ‘& B2 i JE i 2 9 A I #vy B BE v 20 R B AN VR AL
MR U (Klein et al., 1999). 53— MIE T X3 AFFHAEIEE (45°S~20°N,
40°E~140°E) R IR 1 RTE ] T H CF X3 4444 Indian Ocean Warming Tendency,
IOWT), ‘& SR I¥ 2 hJe GRS I AR 2R B RE P 6 S o B AR 55 (iR 340 . Tigtxs 9 A v
bR SIEAEPRAR R, #iE TR 8d Y2 A 8f i YS IX AN BT TR T (RHSC

ZHAA 0.18). FUNET Y2 N 7~8 A F¥IRIIL RIETEE (0°~70°N, 100°W~10°W) HIfr4k
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PEREIFIR 5 C Y2 fiv4% N North Atlantic warming, NAW ). ‘& BRI AL PG VEIEHR 5
W R XS R PR A I TIJE (Ham et al., 2013; Polo et al., 2015). Tl K+ Y5 8% 4~5 A
F 7~8 H I TE E HpCFEE (30°S~30°N, 130°E~150°W) PURE 7374 R 22 15 5 53 o A Ak fa

CEt Y5 i 44N Pacific Dipole SST Tendency, PDT). ‘& Sz B2 #t AT I U I 478
(I8 10 ) 47 JE 4 FE (RIS ( Bjerkmes, 19690 A MAIE G HX A I Rl 745 &Pk 5 A A1 9 H
R AR PR AR R B R IR A 5 (B 7D, FRANE ] 7 #i (10°S~10°N) ~F3411)
WA EEXS T 5 R 9 H T K RO R A S [ H . W] 9 Bk, 5 R B F 10BM A
TOWT 21505 W5 7 J R AR I il 5 5 PR S8 el A (18 9as b), 11 9 H Tt K+ NAW Al PDT
P N i JE W RV S R R AR (B 9 dDo DRIL,  FRATTAE B %) i T [R50 6F 7

PLJRIRA RN AEXS PEAE 5 H AN 9 H 3R <R M.

4.2 BIUFE P

T DA E SRR TR 1, AR 2 oo R R [ml )3 73 Sl 52 pE AL 5 A0 9 AR
PR RTINS R anE 10 Bros. vEdb 5 A HERSRENZI (1961~2006 4
[l ) S B A (PCO B TR SGH TG PF43 (TCC) 24 0.64, P77 BTG 1F5) (MSSS) 4 0.41.
MTEASL R (2007~2016 4E), TCC 4 0.74, MSSS A4 0.55, @i T 99% % & AR .
PEAL 9 A #h 3R ARAE ISR A SZ TR 1 TCC(MSSS )43l 4 0.64 F10.62(0.41 F10.37),
WG T REFITERBCER . B, ToR USRI RS PR, BT BA W E S i
WIPR -, A TRSZAVEER PG 5 1 9 H Hh DXCH 2 =0l A AR 2 1) 2= 15 TR #R LA 1
BRI

EAF— 32T, Gort TR S 77 AE A 7 Ry IR S B e, X — it T
GEiH IR “ L BEAE 7 BT B0, 3 Ah— 7 T AT RE i T R B0 BT AFAE AR AR
AL SR TIAFEE « FEABTFTS, FA OO H ISR B s e B -, [R5
7 FRGI BRL B AT R A S A, PRTMAR KRR T E AR G TS Y 3 BEAULE 7 HA) ) R
N T RS T B e R AFAEAEANER AL, BATRVEALIX 5 A A1 9 AR R RS

HPr AT 70 BREAT 1 11 S\ . Wl 11 frzs, 5 A I0BM A1 IOWT 4
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A b B4R ST R TR PR A OCTE, EAR IOBM 1E 80 4ERZ AT 5 PC A
PE#ES, (HAZ IOWT —ELfEERIFAIDR, X IOBM 7E 80 R Z R SIS —EfE g L4 F
T4 9 H NAW Fil PDT 7EAR[F AR AR UEREE 5 7 1L M 3 SR A AR FR 45 v O AR O
P, H R —F ARG R, K NAW FI PDT AHEAh e AHELARSZ. 5 HRI9 H Fi
PR - b5 3 L o A S 10 U 1 v St 3 IR SR — BU P, FRATTAE S R G v Tl A
7 B AR v ) T 5

5. BRE&5MHR

ARG WABUEARR A, 87R 7 i IEIX AT F 4000 5 A1 9 A iR
AR PRAR AR S i UM AR R . a5 T UM AR I AOLEE, S 3 A B i
MR B G TR . 2R

(1) PEAEILIX 5 HA 9 H R SR broy B 456 1822 0 B il o BRSO R U
X —FH A, 5 A9 AR R EA ANF I ERR AR F AL .
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Fig.1 (a) The monthly evolution of climatological surface air temperature (bar, unit: °C) over
Northwest China, and the spatial pattern of the surface air temperature in (b) May and (c) September

(shading, unit: °C).
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and (b) September, and (c) their principal components.
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Fig.3 (a) 850hPa geopotential height field (contour, unit: gpm), wind field (vector, unit: m s) and

sea surface/surface air temperature (shading, unit: °C), and (b) 200hPa geopotential height field
(contour, unit: gpm), wind field (vector, unit: m s) and precipitation (shading, unit: mm d) onto
the principal component of surface air temperature of Northwest China in May. (c), (d) are same as
(a), (b) but for September. Dotted areas are regression coefficients of SST and precipitation passing
the 90% confidence level. The purple boxes are the key regions of tropical diabatic forcing, and the
solid black line outlines Northwest China.
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Fig.4 The observed vertical profile of diabatic heating related to the interannual variability of surface
air temperature in Northwest China of (a) T1, T2, T3 region in May and (b) D1, D2 region in

September (color solid line, unit: 1K day™). Color dotted lines represent the prescribed vertical

profile of diabatic heating in the model of key region of precipitation (unit: 10K day").
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(a) 200hPa UVZ to T1&T2&T3 (b) 200hPa UVZ to T1 (c) 200hPa UVZ to T2 (d) 200hPa UVZ to T3
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Fig.5 The 200hPa geopotential height (contours; gpm) and wind (vectors; m s™!) response to (a) the
combined effect of atmospheric heating and cooling over T1, T2 and T3, (b) the cooling over T1,
(c) the heating over T2 and (d) the cooling over T3 in May. The red (blue) shading is the horizontal
pattern of the idealized heating (cooling) with their maximum amplitude of 1K d!, solid black line
outlines Northwest China.
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(a) 200hPa UVZ to D1&D2 (b) 200hPa UVZ to D1 (c) 200hPa UVZ to D2
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Fig.6 The 200hPa geopotential height (contours; gpm) and wind (vectors; m s™!) response to the
combined action of atmospheric heating or cooling over (a) D1 and D2, and the responses to heating
over (b) D1 and cooling over (c) D2 in September, respectively.
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(a) Reg SST onto PC1-1A in May (c) Reg SST onto PC1-1A in Sep.
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Fig.7 10°S-10°N averaged lead-lag regression of (a) sea surface temperature (unit: °C) and (b)
precipitation (unit: mm d-*) onto the principal component of surface air temperature over
Northwest China in May. Dotted areas are regression coefficients of SST and precipitation passing

the 90% confidence level. (c), (d) are same as (a), (b) but for September. Red and blue dashed line
in (), (b) and (c), (d) represents May and September, respectively.

25



(a) Corr SST MA & PC1-IA in May (d) Corr SST JA & PC1-IA in Sep.
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Fig.8 Spatial distribution of correlation coefficient between surface air temperature (PC) in May and
September in Northwest China. (a), (b) and (c) are the correlation distribution between the SST field
of March and April average, April minus March, March and April average minus December and
January average and PC in May. (d), (e) and (f) are the correlation distribution between the SST
field of July and August average, August minus July, July and August average minus April and May
average. Dotted area indicates passed the statistically significance at the 95% confidence level,
boxes are the key area of predictors.
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(a) Reg SST onto IOBM (c) Reg SST onto NAW
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Fig.9 10°S-10°N averaged lead-lag regression of (a) (b) sea surface temperature (unit: °C) onto the
predictors in May. Dotted areas are regression coefficients of SST passing the 90% confidence level.

(c), (d) are same as (a), (b) but for September. Red/blue dashed line in (a), (b) and (c), (d) represents
May and September, respectively.
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(a) Predict May SAT
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Fig.10 The principal component (PC) of surface air temperature in Northwest China in (a) May and
(b) September. The black line is the observation, the blue line is the hindcast from 1961 to 2006,
and the red line is the independent forecast from 2007 to 2016.
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(a) Sliding_Corr Predictors&PC1-1A in May
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(b) Sliding_Corr Predictors&PC1-IA in Sep.
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Fig.11 The 11 years sliding correlation coefficient between principal components of surface air

Y4

Y6

temperature in Northwest China in (a) May and (b) September and their potential predictors. The
dotted line is the threshold of correlation coefficient 95% significance level.
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