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FZ R B BRI R K E R BTN s /E M

M difg b, skIR R 28, FhaRE 2
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2 o [E Bh 2 B KSR T TR KR GeiE 78 b0, B3 100029
Srh E BRI ER 5 AT B RV, JEaT 100049
SERRRS R ER AR IR R A T USRI, IR KD, 410205

WE: 2RRTIEE ST, PEARICEFRYGTRREREME, o ALMER
RGIGERH . Had, HATAR AL E Z= K I KRS, A Relif 2 b
G WRRITE R HERIGFIAK EZEPERE (7-8 ), HERERY
FEARBRAR AN Y o A SCR AT 2 L IR 10 b B AR AL B B KA bR o)
T VR o B ST R I AR A6 KA bRy 2 5 RO Hh AR R 2 R R
FEFBR o BAAE R AR R 5 9m SR AR SR 76 3 AR AL 22 3
FEPR D BARAE R E IEAHR KRR . B2 X 58 R 5 0 BT Y b X ke
t= SN o NI S 0 5= NG 2 1 =i 2 B/ 1 i AN
PR R s R e AL, RIS o B AR ARKIR R S S BT eR, Sl E
ARACRS S PRI 5 . 33— R BRI 2830 5 8 R 2R S A P 2R L iR 2
R s AL 1 rh AR AL R K AR bR Ay B T A A, 1979-
2021 F- B —1EAE RS I (] AH DG R 407E GLDAS-Noah. ERAS5 #1 CRA 3 £l
iR i Ak 0.64, 2012-2021 4F (1) Ji5 #1058 I [A]AH O¢ R EUAE 3 X v e v ik
0.78, FWHFZE-FI3IR BEAE o [ AR AL e B P/ 4 o 4 TN o Ak 8 B 1
9T R R BE 0% 4 v B AR G B 2R oK TR (R 22 25 A, IF 5 T H 315 bR
Tt .

REEIA: BE KT, HREIIREE, iR,

BRI bk, 4, 19924F 12 b, i, FZNFETHMPI. Email: yangzhanmeil6@163.com

BRAEH 5 Email: yangzhanmeil6@163.com /i |11 2022 4-7 J1 22 ||

BB E [E R E AR SRR O H (72088101), [E 5 AR A i) (2018YFA0606501)


mailto:yangzhanmei16@163.com

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
55
56
57

The critical role of spring soil temperature in predicting interannual

variability of midsummer precipitation over northeastern China

Zhanmei Yang*#, Jingyong Zhang?3, Zhencai Du?

1School of Resources and Environment, Hunan University of Technology and Business, Changsha, 410205, China
2Center for Monsoon System Research, Institute of Atmospheric Physics, Chinese Academy of Sciences, Beijing 100029, China
3 College of Earth and Planetary sciences, University of Chinese Academy of Sciences, Beijing 100049, China

“Hunan Provincial Key Laboratory of Carbon Neutrality and Intelligent Energy, Changsha, 410205, China

Abstract: Under the background of global warming, floods and droughts occur
frequently in summer over northeastern China, leading to severe consequence to
human and natural systems. However, the current seasonal prediction of summer
precipitation over northeastern China is still low, far from meeting the needs of
disaster prevention and reduction. The precipitation during the rainy season over
northeastern China is mainly concentrated in midsummer (July and August), and its
interannual variability is comparable to that of interdecadal variability. This study
focuses on analyzing the predictive role of interannual variability of soil temperature
in the interannual variability of midsummer precipitation over northeastern China.
This study found a significant negative correlation between the interannual variability
of midsummer precipitation over northeastern China and the interannual variability of
spring soil temperature over central and eastern Europe, as well as a significant
positive correlation with the interannual variability of spring soil temperature over the
eastern Qinghai Tibet Plateau and northeastern West Asia. The abnormal soil
temperature in the key areas in spring corresponds to the abnormal soil temperature in
the downstream region during the midsummer, which leads to abnormal atmospheric
circulation in East Asia during the midsummer. The upper level westerly jet is strong
and northward, and the western Pacific subtropical high is northward, resulting in
enhanced water vapor convergence and upward movement over northeastern China,
leading to increased precipitation in the midsummer. A seasonal prediction model for
the interannual variability of spring soil temperature over central and eastern Europe,
eastern Qinghai Tibet Plateau, and northeastern West Asia was established to predict
the interannual variability of summer precipitation over northeastern China. The TCC

of the Leave-One-Out Cross-Validation can reach a maximum of 0.64 and hindcast for
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the period of 2012 -2021 can reach a maximum of 0.78 in the GLDAS-Noah, ERA5,
and CRA data sets, indicating that spring soil temperature plays a key role in
predicting the interannual component of midsummer precipitation over northeastern
China. The research results can provide a scientific basis for improving the prediction
of summer precipitation over northeastern China, and can be easily applied to actual
prediction.

keywords: midsummer precipitation anomaly, Spring soil temperature, interannual
variability, Seasonal prediction model
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o [ AR AL AL R AR R, AL T AR E R IbiL %, T, ks
2%, HAMERE. MESSmAMRE (REJTFESE, 2012; RA#%, 2017; RS,
2021). fEIEJLHAE, I RACE Z Rk R A I, G T BEKIR
&K 48 5T, 1999; Gk K = %, 2001; M4, 2015; Wang and He,
2015). i #E 4 FE B = BEAR B K T e J0 3R T IS 50 R, AR AL X B /K Tt 7K P
ARG, AR R BT R . R MIEY R T —I, 2011; #[E k%,
2015; [RENAESE, 2019; AR RS, 2020). st b E 4R b5 2 K 2 5 HLELA
T TE, SRR, B B R 2 SO SE bR AN A .

X% 3 G [ ARG R B K e i B TN R 7 Je TR AT, B4R T
—RAEE R GUMITRIEES, 2004; 3 X%, 2008; Sang et al.,
2022). WrfEH R EARICWE (6 A) H5mE (7-8 A) B/KEAHEARFT
REIE, WIE FEZA RGN, R FEZ R E K hAnrT A b
B, 2004; TRAATTSE, 2011; Han et al., 2018; #HJA%%, 2018; Zhao et al.,2019).
i E R E Z= K R AR RS R, I HAE K EA I RNERR S EAR AR
HO(ILMATTSE, 2011; Zhao et al.,2018; 2022)., st EARILEEHMIM S, K2
HOOE TR BT BT PRI B, AR ALK EE . SRE R AROKSFEE. LR
PE. AGEEE SRS E (AN, 2001; Gao et al., 2014; & db Fl =i,
2015; E/KEA1EL &, 2018; Han et al., 2018; Fang et al., 2020;  Timmermann et
al., 2018; Zhao and Feng, 2014; #B{&%4%, 2020). #l4n, Zhao % (2020) &
BB ACENEEVE . PO TE AT VR R AR AT DL S b R T PR MR A 5 0 vp [
AR AL BB B KA bR B TN B AT ST ANME . (2, 18R RE T R AE
5] A A 32 2 B /K Tl Fr 40 P A T A

LR R R RAERETDIR B — AN SGBE L ZR, AN BRAE 5 =) 1 A X 45k Fr) <
fi, b o33l I BOR 2 DU A5 R e T el X ) S (k5 55, 1986 Xue
%, 2012; FRIBMRE =, 2014). IR A E R LA ICIZER, T3
BRI, A2 ()R, DR R A S R AT AR A (Hu and
Feng, 2004; Yang and Zhang, 2018). z###4%% (1986, 1987, 1988) K Il
[ 428 IR 3% 2 33 R R 0 T J5 0 PR K R A S AR o R R B RO
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(2006, 2008) A I HE PUAL+ F 2+ 5 IX M S B ZERICH XKL S T
e DX B K ROIEAR DG, T S ALV X R AAAR DG, Xue 5§ (2018) KILAR
7.5 R e it ) R 2 51 S T Y X K VLA R Bk S i, X 2003 R E K
TLUARS ™ B ok, BUfdhX 5 6y 35 B e 0 ) /K S Fiig R
P S 3 R PR S K/ . 2018 4E, SRR R AUKIEIA SRS RS0
FE L RS T — T 2R I FE AN T R T B T A s (LS4P) [
BRitXl, B TERR T mi R X R R R AR SR s, AT AR i T Ui X R
KBTI K (Xue 4§, 2021). [HRF, Zhang %5 (2018) Al Yang 4§ (2019,
2022) J BT T A A IR 6 TR A I A B g e i L Y
M o

BT LRI, ARSCRAEAE R R 6 B AR b B B B K AR B o) 1 2
T AR R FE o 1 S ST o L 2R AL B /K A B 23 B s ) (2 3 (R AR
25 T B OCHE DX, S A AT R B R R e i B K R A L A,
BT ) FH O B [X 4 2 e 358 i P8 A 2 vl R R A B e K A s 4 10 2T T A
R, g Jr R S A TN B T R 0 BEAT VEA
2 B H I

Awrgedr, HEZRIGZTE 43° N RUBRH E X, 1979-2021 4 K £
K IEE AR A% R (East Anglia) KEHEAER) CRU-TS 4.06 2Bk & 70 HE %
(0.5° X05° ) A V¥R /KEEEE (Harris et al., 2022). 1979-2021 £+ 3
FERE 3 AMHUELE: 1. HAIRMMEIEFEMN RS (GLDAS) JRA 2 WKa)H)
Noah Ffii#& 0.4~1 m M H-F¥LIEEE (Fi%: 1° X1° ); 2. ERA5-
Land For#r o8k 0.83~1.38 m HP¥LIERE (¥4 0.1° X0.1° ); 3.
P E GBI AL CRA/Land FR4r A BORMI H P34 1om RIEIRE (pFE. 1°
X 1
http://data.cma.cn/data/cdcdetail/dataCode/NAFP_CRA40 FTM_MON_NC.html
[2022-11-23]) (Rodell et al., 2004; Berrisford et al., 2009; Mufbz Sabater, 2019;
Beaudoing and Rodell, 2019). 1979-2021 F5iR. FHizsh. X, VHEHE
By LA R B 2 K R = RIR 8 B S B ok B ERAS B4 i Bk I H S 3
£, ZFA3PEFEN 0.25° X0.25°  (Hershach et al., 2023a, 2003b).
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AL SR 22 56 1F A2 R L i U732 (Empirical Orthogonal Function
EOF) X ALy &% & B /K BEAT 704, IRl EOF 43[R /) A AR &S Hf i€ 2= SCH
R G XIS R {8 B AR 07 VR SR U IFE 9 4E AT RI4ERR AL
Gy BT o E ARG RS E R R 0 2 A S T, 2 5 R AR G A T VR E S
ARl B B KA bR 4y B 0 AR DR (R 2R IR G X, DA SR AR G A i
PR EZETERE S E P ERILEE KR, MXRHAMEENSE
KgAK H] Student’s t-test K, 5 J M BA — V258 SR B0 R i i 12X 6 00 18 Tt A
A4, JRFH I A AH 5% 2R B (TCC) PRAG B RL B TN 43 75 o A SCHE Tt (&5~ 4
SE P ARE S TRIASEAY ) 5 il R v T B R A LR N T 9 SRR

/\ﬁj\

=3
|

il

o

A8 SUIGUE RT3 T FOAS AL (R A 56, BIVZE 25 s 1) T30 DR 7 R 1 0 v
PR REA SRR, F ST SR TR N IREAS, IR T DL A B TR
BRIk ae ) bt REEEE, 2011 sEMEWAE, 2017 BEE R4, 2019). fEA
WA, WA R KONTE 1979-2021 4R R —4RME A TRINAE, FI A R4
42 SRS B LU IR . B, T 2005 4F A E AR AL SR K,
P FEFI A 1979-2004 4 LA K 2006-2021 4 [ 75 2= 5K i X - 48 Al o [B AR b 2
B KAS B NIRRT R, AR BRI R, 4 2005 AEEZE I X LR 5
FEPRrEARNTTHE, BIR 132 2005 4F 2% 5 o B ALK BUAE . FOI ARk v ik
$¥ 1979-2021 WA [F] 44 BRI AT 3R45 B — 528 ORI O TR0 271 o ) il B 7
SRR FE AR 1979-2011 43 33 4F 35 28 0G4 X 9 1 55 i B vh [ AR B %
IKEAR B RET R, SRIRIZFEMER, 4 2012-2021 FHEFRHENX L
IR A AT N B PRI i 45 3 2012-2021 4E R E AL E R K E
3R
3.1 FEFILRE K ERSESFEZIREEFGRITBIMHRRKR

1979-2021 FE EAL T EEE (7 HA1 8 H) FF/KHI EOF 4 i 28— A4 oAk
B PR RO 50, BIIRT — S K 2 s b, 5 RS BORTER
B 43N LAALA 43N LLRg b B AL 77 X3 R IR K R R ) oA, BIOREL 43N
LG B A 75 s K B A A 7 XA — 8O o AR A, 8 L AE A AT
FOHURE 43N PG b7 € SO B ARG Rk e e L (B D
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Bl 2 Jgos 7 1979-2021 “Frf E R AL E (7 A 8 D BKERSESESE
(3H. 4 AM 5 H) LHaRE bR B IR KRB B/, Hb 3B
TR HHE AR R 4S8 (48 258 N, 35 268FE) LR E MK, FRER
ZRHEB (25 238 N, 100 2108 E) MPHIARILHE (26235 N, 53 267FE) EILE
FIEM%, #2115 GLDAS-Noah, ERAS5 Fll CRA 1 3 /N [X 15714 +- 1 iE ¥
5 E KPS FhR =2 AR R A (R Do EFRINF R EES
R [ R AL B K P 3 4 B 2 i R AR DG R B o -0.51, -0.52, -0.46,
BTE 1%/KF F I E: 2T e R R R S B AR ALK AR
SRR AR Ry N: 0.62, 0.60, 0.63, HI7E 1%/KF ERE; HEIEIL
R AL 0 - A R S B [ AR A B K A A Bk 43 i TR R A O R B A
0.62, 0.43, 0.50, #7E 1%/KF 3. KRR AR (48 258 N, 35 2
68FE). HiMm R AHS (25 238 N, 100 2108 E) ML RILHE (26235 N,
53 267FE) & AT P 752 R I OB X 4
3.2 FF TR EER s B W T EBE FREKER BN ERE

Kl 3 R 3 MR XIEM AT LR R AR T HEFE) Ve LR
FESH, 217, 8 A, LIRS BASECHEX RhdER, (HFEEKL
B B A5 5 ITE DGR DI R T ) o O v AR T R R S
JSL % T U b X R R S, P 5 - o [ AR L ) R R S
TR e S R 0 2 L R R S G S B R U b X R e, A P AR
Jbdh X A IREE R . AR ES L IRE R 5 R E R X R
FESH ARG P ER AR H AR SRR . 2 R R
M, SRR RS NEFERRE M N . £5F, BLRRERE S
IR Z 200hPa K2 28 R B2 e i - BERIAE OGBE IX Ry |-, 7E K
H, KARERE SR THEES (B 4. B bR 55T 5900 B 57 A v
B FihX 43N LS - E AR REE R ER, TEERRASEEL
R B R A N R IX 43° N DU A LI X R B SRR A, T
AR AG AR ZE R e O R U X 43° N DA i X B 45 7 R e SR
AGfu A E AR AR LA H AR s KA R BT HLEEAS R B AR A X A
S KA B S T
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REE R S v il DAL T 43° N ity BRI R EEE SR
W SRR E SRR RS, AR EFLIRRERE A SEBE
VLR MG LR e, PE B R SR MR 2, SRR S miR. P
ARAC AT R S AR B R i X 43° N DARgHLIX DL R E AR AL B
A, BUERE SR, R (K 5.

K 6a 1 6b MIEELS A &S 1 W o 2K A5 2 S e v AN 7 e SR
R B R P R AN, R [ R B R 2 200hPa JE R TIRE R
THOL, PRI S0 L IR BE (v 7 o ] Ba AT b {7 I 25 0 B 1 2 it
(5, AT T 3 EE RN S) 73 A PRI P 25 0 2 2 3 58 04 S AR el v i 2
MEF LR AR E St EA PR RS RN R (K 7ad)
XA R R E R ETHEs) (16 a- b). K 6¢ BRIV AR AL EE T L RIR L A%
s, B EARIE B RRREONAREE, PREMSEENIERE (K7
e-f), INZZimbhdbts, OGNS ETHER) (B 6c). K 7TEH, FF
DIV 2R AL R 2 SR P (i I S B R D R TR B R IR A e L, AR
AefzF 2o deil, HRF AL REK.

K 8 R /KIEE S K 7 PRSI N A E AR A AL A B e R
T AEARAT R KIS R B R A 2 SO H AR T SR B AR R AR AR

(K 8a). ™ [EZRAL B B UM AL R R K IR o [ A b b2 i e U
VI AR RE o iy SR K PTAE T B - dbRa & (1 8b) o PHAE R s B P AT /KR
H PG AP s 2 b B A<

gi b, BRI AR AR R e i AR S A0 VG R b A 2 - R R X R
BN X SRR R S RO IR S . He, BRI AR RER L T e SRR AT
2 - R AT L I S e e o XU A O R P AR B R 5, KRR
FERIFA TR 5 St 1 DR ) 31 0 DR 3R 1l L 2R B R A A7 35 i
B GSHES EIHagh, FEx R EARIEKIREE & . PEIEARACER R 2= i
Xt 2 ST i M X O T AR IR IR S, T a2 AL R R, S
Ep =N L ) = A NS o D VA P i) AN (B ot PG S ES B R P
S ) v T PG B, e T UK P R T K 21 [ 2R b
33 AEFLRREFFTBEEED ERILER FEKER ERAEE LK

EL
Pan
=
4 \Y
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BRI A0 5 8 e 5 A AN 7P AR AL B 2= L R B A B Ay & 5 R E R
LR E B bRy BB A . APAFIA 3 MEEREX LEREE P E
ARAC RS B K BR o B TSRS, JR B — VA28 ORI 7 VE A R 5
St T AR 28 R A7

A7 A P DGR X A5 R A T B 5 0 T A A

Yp=a>ST1+b>STr+c>STz+d

Yp et E R AL 2 K FE R ETAE : STiv ST2 AT STs il 52 BRI Hh 2R
R R ARG ARG R LR R &, as b Ml c 5 d ik
HE R A S

1979-2021 411 B —VEZE Xk g /v 41 5 I e 41 LI 9a, f81H Noah. ERA
5 A1 CRA H#s 4 0 g X 3 I 2 ) WA A TCC 437104 0.64, 0.64 5 0.62,
EIV B — 3228 ORI TUINAE W] CARRE LA 41%, 41%, 38% M5 % .

Ja IR B T 2012-2021 SEREE FE/K (14 9b), A Noah. ERA 5 Al
CRA H ¥ 48 v O B [X 1 338 3% 52 1 5 i B B 8 43 3 . Yp=-5.36>ST1 +
11.07>ST2+4.99>8T3-0.63.  Yp=-6.75>ST1+11.37>ST,+5.51>8T3-0.63 I Yp=-
3.29>ST1+11.84>ST2+6.40>ST3-0.70. Flll #5145 4E 2012-2021 4[] TCC A
0.78. 0.69 #1 0.77, X} 1979-2021 =447 41 TCC 24 0.71, 0.72. 0.70.

4 558

Bt o [ AR G B R B K TN KSR R I SE R 858, AR S0 R 2 - B L 4
B 43 5 HH R SR AR b AR B K AR B 43 = I TIN DG B X, e I A DG 4 A I
BRI Hh 2R 3507 2 3 FE A B 4 45 b [ AR Lk B B /K AR B 4 B A 1E S35 SAH
KRR F T 96 e S AR R0 78 I 2R G 3 7 2 - 39 B2 4 B 2 B 45 o [l R G o 5 B
KPR EAFE R IEMRRR . 3 AN X F 2 LR 57 6 B T Ui
iy X 38 T R ORI R . BRI AR T SR AR R S L R
AT DL e oA i B v s v XS A iR P ZE A A S B, R A
PR 55 v s 78 U It Y X R BRI PR 2l 7 R 3R e s o s A R P o 3% s
MRS EFEsh, R EARIKRES . 1R E S IR E
JS2 % BT U DX KT AR L U R e, T a2 R O G e, X R
e AL ARG, o R P8 T LA PG T R s 2 b [ Ak
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BEFLL IR, CERHERCEX LREEEREY THERILEE R
IKIFARRE AL o 3 i B — kA SR g A 5 e R B A 3 B SR i S i U
TSR35 AT LU A it T o ] AR b E R R K AR BB Ak, Horh 1979-2021 £ 8
— VA XA TCC e Ak 0.64, 2012-2021 4FJ5 R ik56 TCC & &= Ak 0.78.
ARSI 8 22 B A 2 3R BRI 2 4 v i ] AR b e B e /K R TN R g 1 D
FIRAE S, ST N HBSZhRM . FR 5 AR, R A RSB TR
BOR, B FTELRE 5 B HAR TR T/ .
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% 1 K H GLDAS-Noah, ERAS5 and CRA-Land 3 M5 S MR T X I8 - R
J& 55 b FE 2R A b 2 K AE AR B RURE B AE G SR8l CEE ARRERINP AR (48 <
58 N, 35 268E), EQTP K FH k=R AR #E (25 238 N, 100 2108 E), NWP
REFGT AR (26235 N, 53 67F), AR REM K REIE 1%/KF L&
E
Table 1 the correlation coefficients on the interannual scale between spring soil
temperature over key areas from the GLDAS-Noah, ERA5, and CRA-Land datasets
and midsummer precipitation over northeastern China. CEE represents central and
eastern Europe (48 =-58 °N, 35 “-68 <E), EQTP represents eastern Qinghai Tibet
Plateau (25 <-38 °N, 100 =-108 <E), and NWP represents northeastern West Asia
(26 =-35 °N, 53 =-67 “E). Superscript* indicates that the correlation coefficient is

significant at the 1% level.

Cor CEE EQTP NWP
GLDAS-Noah -0.51* 0.62* 0.62*
ERA5 -0.52* 0.60* 0.43*
CRA-Land -0.46* 0.63* 0.50*




JA Pre 1979-2021 JA Pre 1979-2021
EOF 1 | | | 32.0%
1500 i L — L PR MR

1000

500 —

-500

-1000 —

-1500

1980 1890 2000 2010 2020
E(I'_)F 2 15.9|%

900 =
600 |

300

-300
600 |
400
-1200|...|...|...|...|
1580 1990 2000 2010 2020
EOF 3
oo 972,

600

300

-300 —

600 ]

a0 4rrer ————F 7 ——————————————
012 DOE D04 0 004 008 012 J T T T T
534 1980 1890 2000 2010 2020

535 11979-2021 “AFHEIL B E (7 A8 H) FE/KEIK EOF 4 s &, 27
536 A3 B NRT ARSI A [A] o A A ] 2250 A2 80 v (] B ) 2 e 28 DL ) o ) X4
537 AT 5T R A E AR L X

538  Fig.1 Spatial distribution (left column) and time coefficient (right column) of the first

539 three modes of EOF analysis of midsummer (July -August) precipitation over
540 northern China for the period of 1979-2021. The China region north of the black line
541 in the middle of the left column is the northeastern China in this study.

542

543

544

545

546

547

548



549
550

551

552

553

554

555

556

557

558

559

560

561

30E G60E 90E 120E 150E
b) ERA5-PRE

G0N

30N -

30E  60E  90E  120E  150E
c) CRA RA-PRE

Tx

30E 60E 90E 120E 150E

[ I [
05 -04 -03 02 02 03 04 05

2 1979-2021 S E AR LR E (7 HF1 8 H) V4B /KIN 8] 7 51 5 F 27145 (3
Ay 4 AR5 HD 3R AR RUE ERAH R /B0 38R R8s 7 7l
K GLDAS-Noah (a), ERAS5 (b) , CRA-Land (c). 3T X AH R EAE 1%/KF |
B BOMNEFTR X IR 45 (48 258 N, 35 268F). i = Ji A<
(25 238 N, 100 2108 E) HPEIARALE (26235 N, 53 67F) 2&H T 1%
T ) SRR XA, PR B DAL b [ X4 v [ AR B Xk
Fig. 2 The distribution of correlation coefficients on the interannual scale between the
time series of midsummer (July -August) precipitation averaged over northeastern
China and spring (March-April-May) soil temperature for the period of 1979-2021.
Soil temperature are from GLDAS-Noah (a), ERAS5 (b) and CRA-Land(c). The
correlation coefficient is significant at the 1% level over the dotted area. The areas

shown in the black boxes -central and eastern Europe (48 <-58 N, 35 <-68 “E,
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temperature. The China region north of the black line is the northeastern China.
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1979-2021.The correlation coefficient is significant at the 1% level over the dotted

area. The areas shown in the blue boxes - central and eastern Europe (48 <-58 °N,
35 °-68 “E, CEE), eastern Qinghai Tibet Plateau (25 <-38 N, 100 =-108 °E,

EQTP), and northeastern West Asia (26 <-35 °N, 53 <-67 °E, NWP) are key areas

for spring soil temperature. The China region north of the black line is the

northeastern China.
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EQTP), and northeastern West Asia (26 <-35 °N, 53 <-67 °E, NWP) are key areas
for spring soil temperature. The China region north of the black line is the

northeastern China.



616
617

618

619

620

621

622

623

624

625

626

627

628

a) MAM ST-JA U (200hPa)

T T

60N
40N
20N :
30E  B0E  90E  120E  150E
T e B |
04 031 026 -0 a1 026 031 04
b) MAM ST-JA U (200hPa)
60N
40N
20N
30E  B60E  90E  120E  150E
[ T .
04 031 -0.26 -0 a1 026 031 04
¢) MAM ST-JA U (200hPa)
I;?"—;‘AE’:!—'M-H-I "'ﬂr_ﬂ?"‘_ L
60N =
40N
20N

30E 60E 90E 120E 150E
| [ [ [ "
04 -031 026 01 01 026 031 04

51979-2021 MM ZARES (*-1, a). FHike R ARE (b) AP ARALE (c) &
Z= R 5 R E 200hPa 26 7] MFEAE B U LRI OG G R0 AT, 3T XA R &
HAE 10%/K1 B8R . B EOHE PR XIS —RH T 4 (48 258 N, 35 268°E).

TR R AR (25 238 N, 100 2108 E) FIFE AR IL#H (26235 N, 53 =
67F) FHFF IR EROCHE X IR, RO UL E X80y [ R B I
21 {04y 200hPa 7R V. i 2 78 XU S i Ul B

Fig. 5 Spatial distribution of the correlation coefficient on the interannual scale
between spring soil temperature over central and eastern Europe (*-1, a), eastern

Qinghai Tibet Plateau (b) and northeastern West Asia (c) and midsummer zonal wind
at 200 hPa for the period of 1979-2021. The correlation coefficient is significant at the

10% level over the dotted area. The areas shown in the blue boxes - central and

eastern Europe (48 °-58 °N, 35 <-68 E, CEE), eastern Qinghai Tibet Plateau (25 <-
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Fig.6 Spatial distribution of the correlation coefficient on the interannual scale

between spring soil temperature over central and eastern Europe (a, *-1), eastern

Qinghai Tibet Plateau (b) and northeastern West Asia (c) and midsummer vertical

velocity (vector) and air temperature (color) averaged in 39 N -54 N latitudinal
direction for the period of 1979-2021. The correlation coefficient between soil

temperature and vertical velocity is significant at the 10% level over the dotted area.
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Fig. 7 Spatial distribution of the correlation coefficient on the interannual scale
between spring soil temperature over central and eastern Europe (*-1), eastern
Qinghai Tibet Plateau and northeastern West Asia and midsummer geopotential height
at 200 hPa (a, ¢, e) and 500 hPa (b, d, f) for the period of 1979-2021. The correlation
coefficient is significant at the 10% level over the dotted area. The areas shown in the
blue boxes - central and eastern Europe (48 =-58 °N, 35 <-68 <E, CEE), eastern
Qinghai Tibet Plateau (25 =-38 °N, 100 =-108 <E, EQTP), and northeastern West
Asia (26 =-35 °N, 53 <-67 “E, NWP) are key areas for spring soil temperature. The

China region north of the black line is the northeastern China.
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Fig. 8 Spatial distribution of the correlation coefficient on the interannual scale
between spring soil temperature over central and eastern Europe (*-1, a), eastern
Qinghai Tibet Plateau (b) and northeastern West Asia (c) and the vertical integration

of water vapor flux (vector) and water vapor flux divergence (color) in midsummer
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for the period of 1979-2021, the blue "+" area represents a significant correlation
coefficient between soil temperature and water vapor flux divergence at the 10% level.
The areas shown in the blue boxes - central and eastern Europe (48 <-58 °N, 35 <-
68 °E, CEE), eastern Qinghai Tibet Plateau (25 =-38 °N, 100 =-108 <E, EQTP), and
northeastern West Asia (26 <-35 ©N, 53 °©-67 °E, NWP) are key areas for spring soil

temperature. The China region north of the black line is the northeastern China.
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Fig. 9 Time series of observed and predicted midsummer (July-August) precipitation
interannual variability averaged over northeastern China for the period of 1979-2021
(Unit: mm). The predictions are the results of Leave-One-Out Cross-Validation(a) and
hindcast (b) using the spring soil temperature interannual variability over central and
eastern Europe (48 <-58 °N, 35 <-68 “E, CEE), eastern Qinghai Tibet Plateau (25 -
38 ©N, 100 =-108 “E, EQTP), and northeastern West Asia (26 <-35 °N, 53 °-67 “E,
NWP) as the predictors from GLDAS-Noah, ERA5 and CRA-Land datasets.



