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The Possible Influence Channel of Sub-surface Sea Temperature Anomaly
in the North Pacific on China Summer Rainfall
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College of Atmospheric Sciences . Nanjing University of Information Science and Technology. Nanjing 210044

Abstract By use of Godas monthly sub-surface sea temperature (ST), the similarity of ST among different layers is
analyzed, and ST is layered in the North Pacific region for winter, spring, and summer. The time-lag correlations a-
mong the 500-hPa geopotential height field, sub-surface sea temperature field in the North Pacific, and the summer
rainfall in China are further studied. Results show that the sub-surface ST in spring is an important factor linking
the anterior and posterior atmospheric circulation. Atmospheric circulation in winter has a most remarkable influence
on the ST in the North Pacific in spring, and the ST in spring also has persistent effects on atmospheric circulation
for the corresponding period and the later summer. The interactions between atmospheric circulation and the sea
surface, sub-surface temperature anomalies respectively lead to the opposite anomalous pattern of precipitation for
the Yangtze River basin with North China and South China in summer.
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Fig. 8 The schematic diagram showing the possible relations among the ST, atmospheric circulation, and summer rainfall in eastern China

FACK RS2, SRR AT
BFERRICRFRRZ L. BN RER] 2
HERILBEE KW Z . fer . ALK R 2
AR AR FRRRIZRN A 5
RAFFIFFEEZ IR A ) T 0™ A L K oy
A B RIS

2 b ATLUAIE 8 s i R il =
ZIAAHEAE IR R . RIS RA TR AR
MR R RRIZ R Y, RERERIZE
YR T RIIA LRt FF8aE i F 3 ks
HBERAY . 5 F RS
FIZMEI AL R 518 b [ AR T = K S
o XL USRS AR . 107 B B fE
BT ik — P RIE.

S %k (References)

WREZUEE. 1977, AR TV 205 20 4t XA 7 U B 5 3 %o s KU
FEFHRE KR (1] KRB, 1 (D: 1-120 Chen L T.
1977. The effects of the anomalous sea-surface temperature of the
equatorial eastern Pacific ocean on the tropical circulation and rain-
fall during the rainy period in China [J]. Chinese Journal of At-
mospheric Sciences (Scientia Atmospherica Sinica) (in Chinese) .
1 (. 1-12.

RET, ERH. 1993, @G ¥ — Rossby YA
HAER [J]. K%, 51 (4): 385-393. Chao ] P, Wang Z
G. 1993. Simple air - sea coupled waves in the tropics—The inter-
action between Rossby waves [[J]. Acta Meteorologica Sinica (in
Chinese), 51 (4). 385-393.

Davis R E. 1976. Predictability of sea surface temperature and sea
level pressure anomalies over the North Pacific Ocean [J]. J.
Phys. Oceanogr.. 6. 249 - 266.

Deser C. Timlin M S, 1997. Atmosphere - ocean interaction on

weekly timescales in the North Atlantic and Pacific [J]. J. Cli-
mate, 10; 393 - 408.

VAP E. 1978, 6V ¥ ¥ 7K 3 T8I il 38 47 AR B A B 114 SR SRR i 28
L s EBEER RIS T A AR 5 R K
Fidk, 6: 13-26. Gui P L. 1978. Characteristics of sea surface
temperature over the North Pacific and corresponding general cir-
culation patterns [ J]. Periodical of Institute of Atmospheric Phys-
ics, Chinese Academy of Sciences: Air-Sea Interaction and Long-
Term Forecast of the Drought/Floods (in Chinese), 6: 13 - 26.

BOOME. 1990, 51T [ 5 2= 55 4 AR S R AP 5 2 A O B
YRS (). RAFHE, 14 (1): 108 - 117, Huang R
H. 1990. Studies on the teleconnections of the general circulation
anomalies of East Asia causing the summer drought and flood in
China and their physical mechanism [ ]J]. Chinese Journal of At-
mospheric Sciences (Scientia Atmospherica Sinica) (in Chinese) ,
14 (1): 108 -117.

BN, PNRBE. 1994, PR PG ROF P 102 b 119 PR 28 B FE b s iy
TG SRR TR R n s [ RAFRHE, 18 (2): 141 -
151. Huang R H, Sun F Y. 1990. Impacts of the thermal state
and the convective activities in the tropical western pool on the
summer climate anomalies in East Asia []J]. Chinese Journal of
Atmospheric Sciences (Scientia Atmospherica Sinica) (in Chi-
nese), 18 (2). 141-151.

TN, WP, BRI, £ 2006, FP AT R 2R K I vHE P AE S 3]
e BHAA [J]. KSA#, 30 (1) 545-560. Huang R H,
Chen ] L, Huang G. et al. 2006. The quasi-biennial oscillation of
summer monsoon rainfall in China and its cause [ J]. Chinese
Journal of Atmospheric Sciences (in Chinese), 30 (4): 545 - 560.

TR Bk, DI, Trmse. 2004, 7 P8 AR 0 R 74 1 ¥ 2 it IX.
REPBESHEEERERRR ] BEFILEM, 20 (4
355-364. Jian M Q, Luo H B, Qiao Y T. 2004. On the rela-
tionships between the summer rainfall in China and the atmospher-
ic heat sources over the eastern Tibetan Plateau and the western
Pacific warm pool [J]. Journal of Tropical Meteorology (in Chi-
nese), 20 (4): 355 - 364.



54 R4« AURSFPR YR 2 WL 57 3 0 r 1 B 2 KR TR 1 R RE iR A

No. 5

LI Liping et al. The Possible Influence Channel of Sub-surface Sea Temperature Anomaly in the North . .. 999

ZEHE. 1992, BURR TR B ROK sg e 1], e, 14
(5): 45-51. Li C. 1992. The effect of El Nifio on rainfall in
floods season in China [J]. Acta Oceanologica Sinica (in Chi-
nese), 14 (5). 45-51.

ER, RS W, 1987, hERER S KKK 5 978 AR K
PRI R [T KARE. 11 (4. 365-372. LiM C, Wu
Y F., Huang J Y. 1987. The relationship between the monsoon
rainfall over eastern China and the eastern equatorial Pacific sea
surface temperature [J]. Chinese Journal of Atmospheric Sciences
(Scientia Atmospherica Sinica) (in Chinese), 11 (4): 365 - 372,

ZEW, ERE, 250, & 2003, JURFERE X2 1 RS T
SHEGERBRFH RN U] ARG 5M, 19 (D). 357 -
366. LiL P, Wang P X, Li H, et al. 2003. Analysis of inter-
decadal anomaly relations between sub-surface sea temperature
and sea level pressure over the North Pacific [ J]. Journal of Trop-
ical Meteorology (in Chinese), 19 (4): 357 - 366.

RNt PMIRED. 2004, 1 3 R DX I Ol S R R T B R K
MRR ] MalIgEp i, 27 (3): 374-380. LiZX,
Sun Z B. 2004. Relation between January Kuroshio SSTA and
summer rainfall in China [J]. Journal of Nanjing Institute of Me-
teorology (in Chinese), 27 (3): 374 —380.

B, T 0, a4, 2008, RIL T #iFE =R K 5 R R
FERPIRERIER ] ®ERR, 27 (. 772-777. Liang
P, Ding Y H, He J H. 2008. Relations between summer rainfall
over the lower reach of Yangtze River and East Asian summer
monsoon as well as sea surface temperature over the Pacific in
spring [ J]. Plateau Meteorology (in Chinese), 27 (4): 772 -777.

MREERE. 1978, LIV K 3R T I BE 57 3 SRR AR ML R AR I I
g 1] b EREER R TR T AR5 B
PR HATIHR, 6: 40—-70. Lin X C. 1978. The sea surface tem-
perature anomalies over North Pacific and its effect on East Asia
general circulation [ J]. Periodical of Institute of Atmospheric
Physics of Chinese Academy of Sciences: Air — Sea Interaction and
Long — Term Forecast of the Drought/Floods (in Chinese), 6: 40
- 70.

M. 1999, JEIT-VRHFE R FREe Ik B 2 v [ ek B AR I
s L], PR E%4, 15 (3): 258 -266. Lin X C. 1999.
The sea surface temperature sustained heating in the North Pacific
influence flood season rainfall in China and general circulation [ J].
Journal of Tropical Meteorology (in Chinese), 15 (3);: 258 - 266.

XIZEE. 2004, JUIF-TF R e BRI A2 A E ST L)),
MR K224, 34 (5): 689-696. Liu QY. 2004. Study on cli-
mate variability of the subtropical gyre in the North Pacific []J].
Periodical of Ocean University of China (in Chinese), 34 (5):
689 - 696.

B, 1950, WK EE 5K R [J]. KR4, 21 (1. 1-15,
Lii J. 1950. The sea temperature anomalies and the problem of
floods or drought [J]. Acta Meteorologica Sinica (in Chinese), 21
(1): 1-15.

THRKZE . RFEAE, JRE 4. 2002, K YL H RIS 57 19 SRR 5 o i

FROV- PRI T 38 AH G B FARAE [J]. K% %4, 60 (6): 688 -
697. Miao Q J, Xu X D, Zhang X J. 2002. Characteristics of
teleconnection wave train for circulation pattern of flood/drought
in the middle and lower reaches of Yangtze River and sea surface
temperature over equatorial eastern Pacific [ J]. Acta Meteorologi-
ca Sinica (in Chinese), 60 (6): 688 - 697.

PRI ZFR. S0 2005, B P RPN IR -SRI P T il
REACRMBITT [J]. KSR, 29 (6): 947-954, Min] Z, Li
C, Wu P. 2005. A study of the relationship between summer
tropical convection over the western Pacific and the rainfall in the
middle lower reaches of the Yangtze River [ J]. Chinese Journal of
Atmospheric Sciences (in Chinese), 29 (6): 947 — 954.

Namias J. 1963. Large-scale air — sea interactions over the North Pa-
cific from summer 1962 through the subsequent winter [J]. J.
Geophys. Res., 68: 6171 - 6186.

Namias J, Cayan D R. 1981. Large-scale air-sea interactions and
short-period climatic fluctuations [J]. Science, 214; 869 - 876.
Palmer T' N, Sun Z B. 1985. A modeling and observational study of
the relationship between sea surface temperature in the northwest
Atlantic and the atmospheric general circulation [J]. Quart. J.

Roy. Mereor. Soc., 111; 947 —975.

ARHHHE, PAIRIED, 2R, 2007, JERPEEAR UCR 2 #OR ol &3
o ERBEEIMEN KR ] Mgy, 30 (2):
153-161. QiL Y, SunZ B, Li Z X. 2007. Winter subsurface
layer thermal state character of the North Pacific and its relation-
ship with the summer climate in the east of China [J]. Journal of
Nanjing Institute of Meteorology (in Chinese), 30 (2). 153 -
161.

BRAEZL . RIL, Fakh, 55, 2009, VLA R AR E AT X 08 i
A5 [0, B, 54 (1D: 79-84. Qian W H, Zhu J,
Wang Y G, et al. 2009. Regional relationship between the Jiang -
Huai Meiyu and the equatorial surface-subsurface temperature anoma-
lies [J7]. Chinese Science Bulletin (in Chinese), 54 (1): 79 — 84.

VA, FRHGA. 2003, FREPEALHLIX B F R 8 U RREDR ST [T
SES5HIFEMIT, 8 (1): 1-8. Sun A J, Guo Y J. 2003. A
study of climate features of flood/drought during spring season in
Northwest China []J]. Climatic and Environmental Research (in
Chinese), 8 (1): 1-8.

JEAT RS 1993, RPVEIIRL Y 2255 78 5 KL R i SO DA R S IX
HRERKIER ] BIEFM, 16 (5): 50-59. Tang Y M.
1993. The relation between the seasonal SST variation in the Pa-
cific Ocean and the summer precipitation anomalies in the middle
and lower reaches of the Yangtze River and its south area [ J]. Ac-
ta Oceanologica Sinica (in Chinese), 15 (5): 50 - 59.

Wallace ] M, Jiang Q. 1987. On the observed structure of the inter-
annual variability of the atmosphere/ocean climate system [M]//
Cattle H. Atmospheric and Oceanic Variability. Royal Meteoro-
logical Society, 17 —43.

FE. FEililk. 2002, R 2 K 50 5 AU ROF IR R
MR U e g% M, 25 (1): 45 - 54, Wang H,



P 34 %

1000 Chinese Journal of Atmospheric Sciences

Vol. 34

Wang Q Q. 2002. Relationship between summer precipitation a-
nomalies in the Huaihe basin and SSTA over the North Pacific
[J]. Journal of Nanjing Institute of Meteorology (in Chinese), 25
(1) 45-54,

. 2006, JLIRSFFE L ALRVEVE T 4 B SR BRI 4r gt
FRIELD]. w7 KA 2% 38 3. Wen Na. 2006. Some
statistical properties of the mid-latitude ocean — atmosphere inter-
action in the North Pacific and the North Atlantic [D]. M. S.
thesis (in Chinese), Ocean University of China.

113”7“15 KA, BUEAL. 1996, P 7 K i BE 1 4 Rk 32 )2 7K #4

SR RO SR E R oK F ] s AR DC O R [T W
ﬂ-'?t'%f' , 37:1-9. Weng X C, Zhang Q L., Yan T Z. 1996.
Variation of the subsurface water heat content in the tropical
western Pacific warm pool area and its relation to precipitation in
eastern China and to the western Pacific subtropical high [J]. Stu-
dia Marina Sinica (in Chinese), 37: 1-

S 1996, T PR PHENE — @%iﬁfﬁ 1L Hi SR
RIS R RRE [T j(wﬂ’d’-s 20 (5): 533 -540. Wu
D S. 1996. Atmosphere — ocean heat flux over topical western Pa-
cific. Part II; Atmosphere — ocean heat exchange under the condi-
tion of tropical cyclones [J]. Chinese Journal of Atmospheric Sci-
ences (Scientia Atmospherica Sinica) (in Chinese), 20 (5); 533 -
540.

FEME, £, 1997, ZZEHELE 500 hPa i BRI 5 4
FROE M ARG (I A28, 55 (D: 11-21.. Wu G X,
Wang ] F. 1997. Correlation in middle and high latitudes between

torial Pacific in summer upon the short-range climate changes over
globe and in East Asia [J]. Chinese Journal of Atmospheric Sci-
ences (Scientia Atmospherica Sinica) (in Chinese), 19 (5): 535 -
544,

BE R, JPAEAE. 2007, &2 ROF- W m b I I S X 3R 1] TR
R pEgE [J] BHR 4. 18 (2): 193 - 201.
Yang SY, Yan H S. 2007. Impact of the north and south SSTA
in North Pacific on rainfall patterns of flood season in China []J].
Journal of Applied Meteorological Science (in Chinese), 18 (2):
193 - 201.

TR MRAERR. 1997, AUIRST-VE TR I Y A R B B FE X v 1 TR
Rk s [J]. #vie g4, 13 (3): 265-275. Yu S Q,
Lin X C. 1997. Climatic jump of North Pacific SST and its effect
on precipitation of floods season in China [J]. Journal of Tropical
Meteorology (in Chinese), 13 (3): 265 - 275.

SR e, $eEE, R4, 1999, et i X TR B 7K 55 By 76 R
PR AR OCR [ ®IRRR, 18 (4): 575- 583, Zhang
QL, Weng X C, Cheng M H. 1999. Relationship between the
precipitation in the rainy season in North China and the tropical
western Pacific warm pool and Kuroshio [ J]. Plateau Meteorology
(in Chinese), 18 (4): 575-583.

RS, PhERED, 220, £ 2007, HEBE KRS 5REE
FREAKIER (I Pl K454, 23 (2): 189-195. Zhang T
Y, Sun Z B, Li Z X, et al. 2007. Relation between spring Kuro-
shio SSTA and summer rainfall in China [J]. Journal of Tropical
Meteorology (in Chinese), 23 (2): 189 - 195.

BACE MRk B, Siopal. 1997, w2 BE il SOR ELAE FF 50 ok it
[J]. sBkBl2£ R, 12 (1): 32 -36. Zhao Y P, Chen Y L,
Weng X C. 1997. Advances in the mid-latitude air - sea interac-
tion research [ J]. Advance in Earth Science (in Chinese), 12 (1) .
32 - 36.

SRBOAR . M. URESR. 2000, 6ROV rp £ i I S5 o AR
BRI KEWM T REERE (1] et bid . 23 (D: 1-

winter sea surface temperature and 500 hPa geopotential height
[J]. Acta Meteorologica Sinica (in Chinese), 55 (1): 11 -21.
FALTT . AN, 1983, TLUER BN AL AR i (1.
VEFR, 5 (1) 19-27. Wu YF, Li M C. 1983. The evolution
of the North Pacific SSTA during the period of floods or drought
in the Jianghuai basin []J]. Acta Oceanologica Sinica (in Chinese) ,
(1. 19-27.

0
SRR, R, RAE, 4. 2008, ARG . R 5 b E RS
SUFIBEK AR E IR (I Rl ke, 26 (2): 156 - 162,
WuZ Y. Min J Z, Chen H X, et al. 2008. Relationship between
the Kuroshio temperature and salinity in the East China Sea and
the air temperature and precipitation in the East China [J]. Ad-
vances in Marine Science (in Chinese), 26 (2): 156 — 162,

M5 b, DG, 1995, HZRIRIE AR OV il S o X0 4 IR SR
S A5 A 5 i v (e [T . j(iﬂ%y 19 (5): 535 -
544. Yang F L. Yuan C G. 1995. Numerical experiment on the

influence of sea-surface temperature anomalies in the eastern equa-

8. Zhu QG, Teng Y, Xu G Q. 2000. The possible mechanism
of the effects of SSTA in North Pacific on East China summer
rainfall [J]. Journal of Nanjing Institute of Meteorology (in Chi-
nese), 23 (1): 1-8

e, WIRE, %?.'l BE. 2008, ZRME— K- IE AR OCEDE i
5 ENSO B i ¢ & aFsE [J] KRR, 32 (2): 220 -
230. Zong HF, Zhang Q Y, Chen L. T. 2008. A study of the
processes of East Asia — Pacific teleconnection pattern formation
and the relationship to ENSO [J]. Chinese Journal of Atmospher-
ic Sciences (in Chinese), 32 (2): 220 - 230.



