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Abstract Based on the daily precipitation data from 1961 to 2019 at stations in Northeast China (NEC), monthly
mean data of NCEP/NCAR reanalysis, sea surface temperature (SST) data reconstructed by NOAA and outgoing
long wave radiation (OLR) data, we analyzed climatic characteristics of early and late years of spring soaking rain

BN bE, 4, 1991 A, TR, F8AFE SR BN AEE T 7 . Emailixushiqi91@163.com
WEIRMEH: XIRI, 1IEWFZ T, Email: loverdream19991g@126.com

BB H: HXAREIERS (41975101, 41630424, 41875119, 42005037) , 1 HS G R GIH 5 K8 LW (CXFZ20211022)
LTEERRERES (L EERES 2019-BS-214) , HHRESLFEEPHEEB H (201711

WeAs R #A: 2021-05-04

ZESTRA=E Gh



(SSR) in NEC and the relationship with SST, especially tropical Indian Ocean SST forcing from the interannual
time scale using statistical diagnostic methods. Results showed that there was a significant consistency between
onset date of SSR and April precipitation, the onset date of typical SSR was concentrated in mid-late April during
early years and in mid-late May during late years. If 500 hPa geopotential height fields over Northeast Asia in
April showed a "- +" anomalous circulation distribution from west to east, with southerly winds and cyclonic
circulation dominating in Northeast Asia, which were conducive to water vapour transport, SSR started early, and
vice versa. Warm SSTA in tropical Indian Ocean during February-March was one of the important sources of
stable influence on early years of SSR in NEC. Possible impact mechanism was that if Indian Ocean Basin
warming (IOBW) in positive phase, it was favorable to anomalous anticyclone in Northwest Pacific during April,
and the 500 hPa atmospheric circulation anomaly over Northeast Asia was similar to early years of SSR, the NEC
situated in the right of 200 hPa westerly jet stream exit area, with enhanced vertical upward motion, then
precipitation increased.
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Fig.1 = Spatial distribution of the 109 meteorological stations (solid circle) in NEC
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Fig. 2 Time series of the onset date of SSR in NEC (a). Standardized time series (with linear trend removed) of
the onset date of SSR as well as precipitation during April, May and April-May in NEC (b)
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Fig.3 Composite difference field of total precipitation (mm) during April in the early and late SSR years.

(Red dots denote the 90% statistical significance level)
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Fig.4 Composite difference field of zonal wind at 200hPa (a, m/s) , (b) geopotential height at 500hPa (b, gpm),
flow field at 850hPa (¢, m/s) and whole layer moisture flux dispersion (d, 10°kg-m-s™') during April in the early
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Fig.5 Correlation distributions of the onset date of SSR in NEC with SST field during autumn (a), winter (b),
spring (c) (Dark dots denote the 90% statistical significance level)
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Fig.6 Anti-correlation coefficients between the onset date of SSR in NEC and monthly NINO4-1 and IOBW-I
(Dashed lines denote statistical significance at the 90%, 95% and 99% confidence level)

B 7a Bor 7 1961—2019 4F 2—3 H I0BW-I1 5 & L #HZ=iE T 46 H 3 #bs e AL i 18]
Hllo 59 4k, K Z (A I 5 HN 66 %, AHOE R EA-0.39 GaEid | 99 % HIE BEALER) , IOBW-1
XFIEN H I TTEREE N 15% . FIRTHE T 0 11 FRTE3IRAEE (B 7b) , MR REHE
TERFFUIY Be UG 24 [A) 5 HLAE 20 40 80—90 FARIEE T 90% MG FEALSS, IXEIRE 1961—
2019 4 2—3 H 1I0BW-I1 X} RILFZZE W H AR REOARE, HAE 20 40 80—90 F4KH]

A S B A
4 : : : : 1
(@) [~ Onset date of SSR —— IOBW-| " (b)
w 4 -
83 308
[}
2 =
[}
£, 806
= c
g0/ 2
S 5
S 202
. { c
h -2 g
-3 ‘ ; ’ : 0 : : : :
1960 1970 1980 1990 2000 2010 2020 1960 1970 1980 1990 2000 2010 2020

Year Year

K7 2-3  IOBW-1 FUAACFEZE M6 HIRIbR AL R 51 Ca) 5 2-3 J IOBW-I 5 AR AL g H 1]
B AEBIRAER R AL (b)) (RisEgk: FHICREUM 90% 5 AL

Fig.7 Standardized time series of February-March IOBW-I and the onset date of SSR in NEC (a); 11-year
slipping anti-correlation coefficients between February-March IOBW-I and the onset date of SSR (b) (Dashed line
denote statistical significance at the 90% confidence level)

NSRRI W U 2 () (R AR DR, X T Sl A i GG S 1) IR 37 HE AT 5
(B8 o WUUER], FEMMFEE, HAAFEIREFE. PR PR AT i DRI R TP i R I
NEFEIERE (B 8a) 5 7 M I A0 0 L AL 7 25 18] 20 A T LA, A BT RE A
THRRIN T EE (B 8b) , RX—&5ig 5Z Aot —8 (B 5~7) . FREER,
5235 T R AT B0 JEE 3P A PR I 2 71 55 325 S 6 0 A B e e Y ) 2 B Dy
.



b)

s F S
5§a L g t'.
30°N o g '
(J
i
i??
BR e o
Nl
~
30°8 T T T T
30°E 90°E 150°E 150°W 90°W  30°E 90°E 150°E 150°W 90°W
[ I | I | I [ [ -c
05 04 03 02 01 0 0.1 02 03 04 05

B8 2-3 QlFRIEERE (°C) WEM: EMRAE (a) « ERRTSE (b
FERE IR

Fig.8 Composite maps of February-March SSTAs (°C) for the early (a) and late (b) years of SSR in NEC (Dark
dots denote the 90% statistical significance level)

20 R FH 25 [A)AH 5G40 BT R R ROk R BB ERAIE 2—3 H IOBW-I X R AL F 2% By 5L 1 1)
SR . M 9a AT I, 2—3 H IOBW-I 5 AR JLHE X A 2 bl s iR 47 220 W9 T 0 H 390 528 Wt 355 4k
xR, B 2—3 HI0BW-I 1 (f0) fifl, AAITEMIFEME (B o K 9b &ox, 2—3 H
IOBW-I 5 ZR AL 1 X R HB 77 223 MY T 4R H BIME B A /N T 0, 4% BAE BR 10 g SRR
Ft (Liang, 2014, 2016) , XKW IOBW-I X ARILEHZE M FME K2t €, B 2—3 H IOBW
ARAN AR AL A 2R 0 W G ) B R R L —

(T A X FRRE 90% S

54°N 4 (a) 54°N 4 (b)
51°N - 51°N -
L]
TS S '
L]
.‘ L]
45°N —+ . 45°N L) S
Ll L] e
L]
~ L]
42°N - 42°N 4 i)
o
39°N 39°N -
T T T T T T T T
120°E 125°E 130°E 135°E 120°E 125°E 130°E 135°E
| | | | | I
-0.35 -0.3 -0.25 -0.2 -0.15 -0.1 -0.05 0 0.05 0.1

K9 2—3 A I0BW-1 fIZRILEFZENFLHH MM R () FFERKLR (b, A IOBW-I 2iE W H M
(4 SR 90% 5 M AP35 5D

(EiSSECE)
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Fig.10 Linear regression of April 200hPa latitudinal wind (a, m/s), 500hPa potential height (b, gpm), 850hPa flow
field (c, m/s), and whole layer moisture flux dispersion (d, 10~° kg m™ s!) against the February-March IOBW-I
(Dark dots denote the 90% statistical significance level)
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Fig.12 Linear regression of April vertical velocity (102 Pa/s) along the 47.5°N profile (a) and along the 127.5°E
profile (b) against the February-March IOBW-I (White dots denote the 90% statistical significance level)

ZiL51Tie

A BN AEFRI AR E EAM T T 1961—2019 4E 4R b X 52535 N 5L 4F IR PRI R AE
AT AR, JoH A& PG BN PR o B R . W 7R T 2—3 H I0BW BELLAH A R
FHZ1E W I M w5, IOBW EFRARAk 2 2R A6 3% M T ah i 18] K AR SR BRASAG  E B AN g aa K 1 2

o

SRR P AR KT da it (B TR e 4 A N, IRBEAE (TR I e SR 7E 5 H R Al
ARALH XETFIE N 2 i IREE IR & o TR, & 4 A RAETE B4 500 hPa £i735
R B PIARE “-+7 SRR AT, AR Au X DU R AU PERA o, AT
KIHE, FFEWITHME, Rz, FFENITIHMmMIE.

5



R R RICEFEW R E B2 —, BARERPERRT S, 2007 B
X R A B2 W R A B B ARE A . 2—3 H IOBW-I 2 1EA74H, 4 A ZR b X AT 7t X
S XA, PP X R R R AE, AR AbHX B I R R R R, A AT
K EACENEEVE . IR TN BT I BEIR S IRRIR B 78 16 T 1 BRI A 1) FR B 2R b Hb X
%, NGHLIX R T 2 KK . A, 2—3 H TOBW-I S5 X6 4 3 $0i A g B s X k<
FEHIZZ) (40 OLR M EEEE) A% 2 CHE B2, I0BW-1 ks 15 Ay FlEE 7 A
RACHLX ) BT i@ shitog, S804 HompeoKr 4, EFREW R R4 H 2—3 H 10BW
BE 575 S AR LB W R AT Re LD R B L (B 13D

Spring soaking rain

] Water vapour transport
- p p:
;:r Upward movement

30°E 60°E 90°E 120°E 150°E 180°

FI13  SEBRE R | 2-3 F IOBW 540 4 b 35 258 WY R 1 [ 7R 2
Fig.13  Schematic diagram showing relationship between February-March IOBW and the onset date of SSR in
NEC on interannual timescale

EARERKZ, I0BW BREA—EMFERZISN, & BA Y RKERPRE. MR
IOBW-I J7 %1 ( “http://cmdp.nce-cma.net/download/precipitation/diagnosis/IOBW/IOBW-yr.Gif
[2021-06-26] ) EF, 20 th4d 80 FAFT LA AH AT, 20 D 80—90 AR R ALAHW )7L
o, 21 HZ8JEH N IEAAH. Bl 7b 145 R 7R IOBW-1 0 AR JbHh X % 2= 1% W T 46 H A ZE 20
2t 80—90 AR i R E, X — DR [ bR AR At 52 B AR AR R ROBE (1) 5
BRI, (£ 18 IOBW-I 4 Fr 73500 3% WY F g O sE i, A7 AN W] 22 EARER 1 SR A

AR T 2—3 ) IOBW-1 0 rp [H - b X 2 Z=id /Y H W2 i sk B0 15%, {H
AIAN S Ry H o 2 RS E ISR 2 —, JFl ot 1 REma i Al RedL ], 4 f5 30 7 2408 1 il
RIQHATEANIGAE . BhAh, AR X ZB#ar . ml#GE Kb md 2 KA a1ER,
RALHFFE W MR REOVEAR, FAREIT R ARIFTE W W KRG, E—DiR
PEZR A% WY 5 0 FREI A 4 o

ZSE @k (References)

R 45, 22 0%, 0 W B, 55 . 2013, 30 57 36 6 AR 0 3R 2= KU IR AL B RO BIE FE 3t J& (9], LHT R 224K, 24 (05):
521-532. Chen Lijuan, Yuan Yuan, Yang Mingzhu, et al., 2013. A review of physical mechanisms of the global
SSTA impact on EASM [J]. Journal of Applied Meteorological Science, 24, 521-532. doi: 10.3969/].issn.1001-
7313.2013.05.002

FRALE, JHBEH]. 2007, & AR VG i X H T — @ W AUR TN 5 ERR ] AR, (1): 16 -18.
Cheng Hongjun, Pu Xiaoming. 2007. A preliminary study on climate prediction methods for the first spring rainfall
in the mid-west region of Jilin province [J]. Meteorological Disaster Prevention (in Chinese), (1): 16 -18. doi: 10.



3969/j.issn.1006-5229.2007.01.004

T VL. 2005, % RS M) dbat: AR AL, 138-149.  Ding Yihui. 2005. Advanced weather science
[M]. China Meteorological Press (in Chinese) , Beijing, 138-149 pp.

Han T T, He S P, Wang H J, et al. 2018. Enhanced influence of early-spring tropical Indian Ocean SST on the
following early-summer precipitation over NEC [J]. Climate Dyn., 51, 4065-4076. doi: 10.1007/s00382
-017-3669-y

TN, BAITH, JEAR, 4. 2016. FAH BN EEVEIIR IR 2 — BOR I AR AR R0 AR B 2 A S R (R [].
KA FF2#, 40 (1): 121-130. Huang Gang, Hu Kaiming, Qu Xia, et al. 2016. A review about Indian Ocean basin
mode and its impacts on East Asian summer climate [J]. Chinese Journal of Atmospheric Sciences (in Chinese), 40:
121-130. doi: 10.3878/j.issn.1006-9895.1505.15143

Kalnay E, Kanamitsu M, Kistler R, et al. 1996. The NCEP/NCAR 40-year reanalysis project [J]. Bull. Amer.
Meteor. Soc., 77: 437-472. doi: 10.1175/1520-0477(1996)077<0437:TNYRP>2.0.CO;2

Klein S A, Soden BJ, Lau N C. 1999. Remote Sea Surface Temperature Variations during ENSO: Evidence for a
Tropical Atmospheric Bridge [J]. J Climate, 12(4): 917-932. doi: 10.1175/1520-0442(1999)012<0917:RSSTVD>2.
0.CO;2

R, WIREN, EHE, 552008 I THIEME 5B WA AREIE KRR [J]. AR SR,
24(6): 1-6. Li Ji, Hu Chunli, Wang Yan, et al. 2008. Climatic characteristics of the first soaking rain in spring
sowing season of Liaoning province and its variation [J]. Journal of Meteorology and Environment (in Chinese),
24(6): 1-6. doi: 10.3969/j.issn.1673-503X.2008.06.001

Li T, Wang B,Wu B, et al. 2017. Theories on formation of an anomalous anticyclone in western North Pacific
during El Nifio: A review [J]. J. Meteor. Res., 31: 987-1006. doi: CNKI:SUN:QXXW.0.2017-06-001

e, SORBE, BB A 2018, A7 o [E AR AL A AR AR IR R SARRE T[], RAUREE, 42(5):
963-976. Li Shangfeng, Jiang Dabang, Lian yi, et al. 2018. Circulation characteristics of extreme cold events in the
NEC during wintertime [J]. Chinese Journal of Atmospheric Sciences (in Chinese), 42(5): 963-976. doi:
10.3878/j.issn.1006-9895.1710.17119

Liang X S. 2014. Unraveling the cause-effect relation between time series [J]. Phys Rev E, 90(5): 052150. doi:
10.1103/Phys Rev E.90.052150

Liang X S. 2016. Information flow and causality as rigorous notions ab initio [J]. Phys Rev E, 94(5): 052201. doi:
10.1103/Phys Rev E.94.052201

Liebmann B, Smith C A. 1996. Description of a complete (interpolated) outgoing longwave radiation dataset [J].
Bull.Amer. Meteor. Soc., 77, 1275 - 1277. doi: 10.1175/1520-0477(1996)077<1255:EA>2.0.CO;2

PREF, (RRIR, FRILH. 2005, HRARFEZE — 3 XA W H R URRHE [J]. A E B AR AR iR,
20(3): 347-353. Lin Shu, Ni Ronghuan, Guo Jiangyong. 2005. Climate feature of first soaking spring rain to the
east of Yellow River over Gansu Province [J]. Journal of Chengdu University of Information Technology (in
Chinese), 20(3): 347-353. doi: 10.3969/j.issn.1671-1742.2005.03.026

Meyers G.1996. Variation of Indonesian through flow and El Nifio/Southern Oscillation [J]. J Geophys Res, 101:
12255-12263. doi: doi.org/10.1029/95JC03729

NWE, JLERER, TOUKAL, 4F.2007. TREZEYEW DI H AR E RSN 0] TR, 2403):
344-348. Na Li, Shen Yueqin, Ding Yonghong, et al. 2007. Analysis of the date and circulation background of the
first soaking rain in spring in Ningxia [J]. Arid Zone Research (in Chinese), 24(3): 344-348. doi: CNKI:SUN:
GHQJ.0.2007-03-010

TEAATY, XUSE, BREX, 4. 2011. 2009 4 b [F R L B0 A S RTIIHE IR GBI R [J]. TR ¥R, 69
(2): 320-333. Shen Baizhu, Liu Shi, Lian yi, et al. 2011. An investigation into 2009 summer low temperature in the
NEC and its association with prophase changes of the air-sea system [J]. Acta Meteorologica Sinica (in Chinese),
69(2): 320-333. doi: 10.11676/qxxb2011.027

LR, WM, =36, 552012, ILTHFEMNNMRE LSRRI TR SR, 28(4):
28-32. Shen Yumin, Hu Chunli, Li Fei, et al. 2012. Climatic characteristics of the first soaking rain in spring
sowing season of Liaoning province and its variation [J]. Journal of Meteorology and Environment (in Chinese),
28(4): 28-32. doi: 10.3969/j.issn.1673-503X.2012.04.005

g, 2002. SERHF S TR F M Z 0o Hr ik M) dERT: SR H AR+, 31-36. Shi Neng. 2002. Multivariate
analysis methods in meteorological research and forecasting [M]. China Meteorological Press (in Chinese), Beijing,
31-36 pp.



Smith T M, Reynolds R W, Peterson T C, et al. 2008. Improvements to NOAA’s historical merged land-ocean
surface temperature analysis (1880-2006) [J]. J. Climate, 21: 2283-2296. doi: 10.1175/2007JCLI2100.1

VS, DA, 1983, ALV IR X B2 KB E R BRI “ B/ 7 AL SRS T (0], AR R, 41(1):
97-105. Tao Zuwen, Pei Buxiang. 1983. An agrometeorological method for estimating the infiltration depth and
soaking rain in spring for north China plain [J]. Acta Meteorologica Sinica (in Chinese), 41(1): 97-105. doi:
10.11676/qxxb1983.011

Wang L, and Wu R.G. 2012. In-phase transition from the winter monsoon to the summer monsoon over East Asia:
Role of the Indian Ocean [J]. J. Geophys. Res. Atmos., 117: D11112. doi: 10.1029/2012JD017509

ER%E, T 2013, JEARICAFFET RFERIRE 2 L EELFRIRGHIR R [7]. Bz, 58(8): 629
-633. Wang Huijun, He Shengping. 2013. Interdecadal increase of winter snowfall in the NEC and its relationship
with weakening of winter monsoon [J]. Science Bulletin (in Chinese), 58(8): 629-633. doi: 10.1360/
csb2013-58-8-629

Wang H J, He S P. 2015. The North China/northeastern Asia severe summer drought in 2014 [J]. J.Climate, 28(17):
6667-6681. doi: 10.1175/JCLI-D-15-0202.1

PEE, KRz, FaREE. 2003, 3T 20 FAEALHL X T F IR TG FRFE [J]. MR R, 14(2): 140-151.
Wei Jie, Zhang Qingyun, Tao Shiyan. 2003. Charcteristics of Atmospheric circulation Anomalies During Persistent
Droughts in North China for Last Two Decades [J]. Journal of Applied Meteorological Science (in Chinese), 14(2):
140-151. doi: 10.3969/j.issn.1001-7313.2003.02.002

T, Uiy, JREE, 552013, i R 0B KR AR RHIE & LS R R KRS R8T (0]
A%, 39(02): 129-136. Wei Jin, He Jinhai, Su Zhizhong, et al. 2013. Characteristics of south wind in east southern
Tibetan Plateau and its relationship with eastern China spring rain [J]. Meteorological Monthly (in Chinese),
39(02): 129-136. doi: 10.7519/j.issn.1000-0526.2013.02.001

B, 5 AR, D’ Arrigo Rosanne. 2008. bS5 5 59 E AR ILE Z=MK [J]. BHEK, 53(12): 1422
-1428. Wu Bingyi, Zhang Renhe, D’ ArrigoRosanne. 2008. Arctic dipole anomalies and summer precipitation in
northeastern China [J]. Science Bulletin (in Chinese), 53(12): 1422-1428. doi: 10.3321/5.issn:0023-074X.2008.12.
011

REE, PN, SEE, 5 2014, HHREFHIREAKBER R A T K0 BN R [ KRR,
37(5): 548-557. Wu Xianghua, Niu Shengjie, Jin Dezhen, et al. 2014. Application of time-scale decomposition
model in influence factors selection during spring drought period in Jilin Province [J]. Transactions of
Atmospheric Sciences (in Chinese), 37(5): 548-557. doi: 10.13878/j.cnki.dgkxxb.20130420006

Xie S P, Hu K, Hafner J, et al. 2009. Indian Ocean capacitor effect on Indo-western Pacific climate during the
summer following El Nifio [J]. J Climate, 22(3): 730-747. doi: 10.1175/2008JCLI2544.1

TR Ey, R 2016 ARACHLIX 52 15 1707 M AR RRAIE B 5 9 IR I #Iz s SR &R (7], RA,
42(3): 271-279. Xu Shiqi, Li Dongliang. 2016. Characteristics of the first soaking rain in the NEC and its response
to surface heat source over the Tibetan Plateau [J]. Meteorological Monthly (in Chinese), 42(3): 271-279. doi:
10.7519/j.issn.1000-0526.2016.03.002

Yuan Y, Yang S. 2012. Impacts of different types of El Nifio on the East Asian climate: Focus on ENSO cycles [J].
J. Climate, 25: 7702-7722. doi: 10.1175/JCLI-D-11-00576.1

Kok, AR, B2, 2003, JEZACMXEZTE S EWRARNHE [J]. T EALTER, 24(2): 28-30.
Zhang Qiang,Wang Youmin, Yao Peizhen. 2003. Determination of indices for the first soaking rain in spring in
north of China [J]. Chinese Journal of Agrometeorology (in Chinese), 24(2): 28-30. doi: 10.3969/j.issn.1000-6362.
2003.02.009

KK, AL, ILEF, 5. 2012, P E R ILH X & OOT 0 AR AERT 78 (7], th R 28 R, 28(35):
269-274. Zhang Maihui, Wang Chuanhui, Jiang Chun, et al. 2012. Characteristics of variation of beginning period
of the spring rainy season in northeast area of China [J]. Chinese Agricultural Science Bulletin (in Chinese), 28(35):
269-274. doi: 10.3969/j.1ssn.1000-6850.2012.35.050

RPRE. 1999, FEEZEEE LR M]. dbat: S FHREE, 297, Zhao Zhenguo. 1999. Drought/Flood
and environment field of summer in China [M]. China Meteorological Press (in Chinese), Beijing, 297 pp.

Zhao J H, Zhou J, Xiong K G, et al., 2019. Relationship between tropical Indian Ocean SSTA in spring and
precipitation of NEC in late summer [J]. J.Meteor. Res., 33(6): 1060-1074. doi: 10.1007/s13351-019-

9026-9



	东北地区春季透雨早晚与2—3月热带印度洋海温异常的联系
	(徐士琦1,4,5   刘刚2,5  杨雪艳1  廉毅5  刘柏鑫1   房一禾3,4  胥珈珈6
	摘 要  利用1961—2019年中国东北地区测站逐日降水资料、美国国家环境预报中心/大气研究中心的
	关键词  中国东北  春季透雨  年际变化  大气环流  热带印度洋全区一致海温模态

	Relationship between February-March Tropical India
	1  引言
	2  资料与方法
	2.1  资料
	2.2  方法

	3  东北春季透雨早晚年的环流特征
	4  东北春季透雨早晚与海温的关系 
	4.1  海温对东北透雨早晚的影响
	4.2  2—3月IOBW影响东北透雨早晚的可能机制

	5  结论与讨论

