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North Atlantic Oscillation (NAQO) in the preceding spring, a statistic predictive model for summer precipitation over
China is proposed and the forecast results for years 2004 — 2009 are tested. The results show that the large scale pre-
cipitation over China mainly changes with NAO in May, and the meridional dipole pattern of precipitation is associ-
ated with NAO in May and the anomalous cooling during 500 hPa — 200 hPa in the preceding spring over North China
and Northeast China. The NAO influences the summer precipitation over China on both interannual and interdecadal
time scales, while the upper tropospheric temperature influences the precipitation mainly on interdecadal time scale.
The anomalous condition of spring NAO and upper tropospheric temperature determines the pattern and magnitude
of summer precipitation over China via large scale circulation and water vapor transport. A predictive model for sum-
mer precipitation over China is proposed based on both this statistic and physical relationship, with the first three
principle components (PCs) of summer precipitation as the predictands, and with the first four PCs of upper tropo-
spheric temperature over Asia (10°N - 50°N, 60°E~130°E) and the monthly NAO index in the preceding spring as
the predictors. The periods of these series with different time scales are also considered to remove the noise and ex-
tract useful information. The averaged anomaly correlation coefficient for years 2004 — 2009 is 0. 335, indicting a

good skill in forecasting the summer precipitation over China.
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Fig. 1 (a, c, e) The first three EOF modes of summer precipitation over China for the period of 1951 = 2009 and (b, d, f) the correspond-

ing time series
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Fig. 2 (a, c, e, g) The first four rotated empirical orthogonal function (REOF) modes of spring atmosphere temperature averaged over 500

hPa - 200 hPa for the period of 1951 = 2009 and (b, d. f, h) the corresponding time series

R1 1951~2009 FHEEFHKH 3 MHEIAER B RZRHFISHEXNRER LRRER 4 MFERER B REF5.
ZE R NAO 58 ptax
Table 1 The correlation coefficients between the first three summer precipitation time series (PC1, PC2, PC3) and the first four

spring atmosphere temperature time series (PC1’, PC2’, PC3’, PC4’), NAO index during the period of 1951 - 2009

NAO 551
PC1’ pC2’ PCs’ PC4’ 3H 1A 5H
PC1 0. 017 0. 056 0. 051 —0. 024 —0. 132 0. 061 —0.346
PC2 0.138 —0.031 —0.154 0.164 —0.07 0. 092 0. 059
PC3 —0.126 0.303 0.028 —0.171 0.135 0. 142 —0.264

T MOAFIRER 5% 00 BE KT BEMEAR CFRD.
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Table 2 Same as table 1, but for the correlation coefficients between the time series with variation less than 10 years removed by

Lanczos filter

NAO
PC1’ pPC2’ PC3’ PC4’ 3H 4 H 5H
PC1 —0. 136 0.118 0.293 —0.356 0.161 —0.171 —0.342
PC2 0.329 0.126 —0.39%4 —0. 132 0. 189 0. 022 0. 074
PC3 —0.321 0. 696 0. 047 —0.68 0. 654 —0. 217 —0. 481

£3 BFR1, EAEBRFEREFEL (10 FMLE) FrEX

Table 3 Same as table 1, but for the correlation coefficients between the time series with variation more than 10 years removed by

Lanczos filter

NAO
PC1’ pC2’ PC3’ PC4’ 3H 4 H 5H
PC1 0. 258 —0. 092 —0.115 —0. 003 —0.331 0.133 —0.452
PC2 0. 101 —0. 003 —0.076 0. 165 —0. 165 0.129 —0.015
PC3 0.028 —0. 008 0. 009 —0. 036 —0. 042 0.236 —0.246
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Fig. 3 Summer circulation fields regressed upon the negative
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NAO index in May: (a) Water vapor transport (vector; units:
kg-m™!+s71) at 850 hPa; (b) 500-hPa geopotential height (con-
tour, units: gpm); (c) 200-hPa zonal wind (contour, units:
m/s). The shaded regions indicate the climate mean 500-hPa geo-

potential height (b) and 200-hPa zonal wind (c)
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Fig. 4 Same as Fig. 3, but for the summer circulation fields re-
gressed on PC2' (the second REOF mode of spring atmosphere
temperature averaged over 500 hPa - 200 hPa)
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Fig. 5 The process diagram of the forecasting model
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Fig. 6 (a) The power spectral analysis on the first PC of summer precipitation over China by the EOF decomposition; (b, c) the extension
time series by mean generating function with (b) 3-year and (c¢) 14-year period. The dashed line in (a) is the red noise power spectrum with the
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spectrum with the statistical significance at 0. 05 level
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Table 4 The forecasting verification of summer precipitation
over China during 2004 - 2009
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Fig. 8 The summer precipitation anomaly percentage (%) in (a, ¢) 2004 and (b, d) 2006; (a, b) Observation; (c, d) forecast

NAO AL FE K GE it T s 5 B a] LB 3
HZEFF K AT R M5 S o (HRIZ AR A A
TEANJEZ AL HEARTI iy e 7K 5 B2 L UL i 55
FLARRETI ) Joy MR /K 4 B 22 40 A . RN
Xt L2 L 72 A I i s 118 S R RUJEE T ol i 22 1) 72
. B RE e 5 2 B AR 1Y R B R K S .
Sb, HISCHIAH R 7MW, FRE K EOF 73
SR 2 BEASS RTE A IR B 2 NAO 2246 2 (7]
AAISRARSS . S BOZBINEIRIX FEK S 2 S 7
RBETIARAR . X TR 2 4l T4 3 1 B = K
(01 o 3T EEAE L TIUINASTR v 2% 1 5 g K 55 2
B EE AR T

5 L e

(D I EFFRKRGEE A A SHTE 5 A
NAO P IIME, “FZ () Jeb () /7
HFRR R P 487 M= b2 i
AAT G, TR () hlElZ (D) B B3
FEK S HTE NAO KOz A BRI Z [0 2
FHK,

(2) Firdr NAO T 3y 57 7 0 3 [ = = [ K 13
Wi R AF R ROBE A A ARAUPR ROBE B A T AT

AN IR 2 TR X TR B R K ) R )
AEARBR R 1

(3) Hii#E 5 H NAO i g% 38 E g 5 h X 2 7R
WK I SEMALEL A . NAO [ 07 A4, 52575 KL
SO E R . PE ORI = TR P L R
ok A PG ATV (1 P R K PR i 1 R [ 2
VLR e X KR Z s A . NAO IEf A 4E,
FRE I X B KD . BT R A AL R
SRR SR E R “r B AR B KA R
RIS LI N MR, Edbi X b a5 50 e
1 A E B a1 e ST R = =) B B L
IROT-P ) s VS A7 AR e AN ) g P K
mdE RS, R, PR AR B REE . (15
ML B KR 2 . by X B ZE R K R 2. Al
I A AR X i 2 TR R S H X
WEE MK “FRACE” R SREH .

(4) AR B RL, bR T % [ KA B
ANTr B[R] RUBE 9 JE I 4R 77 » 844 AT NAO 550
X b R A A 4% I ] 51 A ) S8 R 1)
A RBCEF T HN SR R . A TR 7, AR K
PRI FHERR T, BUS T AT I K TSR

AIFEFATE NAO, X2 iRER S E 25



P 35 %

974 Chinese Journal of Atmospheric Sciences

Vol. 35

B 8 BIOC R AL T — G Y, X T
T E T K A BN BRE . R THES
NAO FIX L JZ 5 BE 5 7 % B 2= oK (1 G 11 Bl »
AT RATETHU 505 B VR Sl T IE R R AR

ARSI ST R R GE T TSR 3 B T o
BORLH TR X0 )2 b B JRIR B AR A A (1 Ak
fili 2 A AR 2 B S R Z P R i G 4k
Yo R RS FIXHARE A L2 Z AT
IV 2K A JCEE LT TRV TRUZ R . AR AERS S AT AR
THBLAEL Y R 2 B TR K2 KO ek
iR . BUEA, CHR I R S R 0A
s H AT A2 B TH . YA & U
2o XARNE 2 J2 Tk B R /K 1) T4 T4 e D ARAIR
(DR A5 B2 S A ) 2R 0. s J2= B U ) AR BE 7 )
58 (Wang et al., 2008) , B 24 iif i) e ue
DNER: YRR RTINS R ERAR S EO PN 2]
TR IS H g —E BN E J1 . BT LATE 5
fifi b BE—2B T X Z R IR AL 5
TR SRS RO (9 0 32 ok T 3 K A8 4k o
PG MRS X 02 i R — R T ek A AR St
KF > FETHEA B TR AR Z T A ok PR
FEIK P A — 2R S AT AT (iR A2

S %3k (References)

Bothe O, Fraedrich K, Zhu X H. 2010. The large-scale circulations
and summer drought and wetness on the Tibetan plateau [J]. In-
ternational Journal of Climatology, 30. 844 — 855.

Ding Q, Wang B. 2005. Circumglobal teleconnection in the North-
ern Hemisphere summer [J]. J. Climate, 18; 3483 - 3505.

T 2004, FREEISMGETINE S RG] R4, 30 (12): 11
-17. Ding Y H. 2004. China Operational Short-Range Climate
Prediction System [J]. Meteorological Monthly (in Chinese), 30
12>. 11-17.

SEiA G, RELL, EAR. 2002, KILH IR 2R 0K 5 A Ak v
i mEME (1], Bl2f@f. 47 (7). 546 - 549. Gong D Y,
Zhu J H, Wang S W. 2002. Significant relationship between
spring AO and the summer rainfall along the Yangtze River [J].
Chinese Science Bulletin (in Chinese), 47 (7). 546 - 549.

B XA XIS, 2004, Rl A% R0 FR R R ek 52
ma [J]. KREF¥E, 28 (4): 517 -526. Huang Jiayou, Liu Ge,
Zhao Xiyi. 2004. The influence of subtropical high indexes and
polar vortex indexes on the summertime precipitation in China
[J]. Chinese Journal of Atmospheric Sciences (in Chinese), 28
(4): 517 -526.

W, BXIE. 2010, EIZRERE ZERE K S AR WA B A IR A5 R S
R YE (1], KAB#, 34 (3): 533 - 547.  Han Xue, Wei
Fengying. 2010. The influence of vertical atmospheric circulation
pattern of over East Asia on summer precipitation in the east of
China and its forecasting test [ J]. Chinese Journal of Atmospheric
Sciences (in Chinese), 34 (3): 533 - 547.

AN, BETFT. 1999. ENSO JEFR 5 v [ 243 3 b [X 5 22 i & 2=
KRBT (1], KRB, 23 (6): 663 - 671, Jin Zuhui,
Tao Shiyan. 1999. A study on the relationships between ENSO
cycle and rainfalls during summer and winter in eastern China
[J]. Chinese Journal of Atmospheric Sciences (in Chinese), 23
(6): 663-671.

Kalnay E, Kanamitsu M, Kistler R, et al. 1996. The NCEP/NCAR
40-year reanalysis project [ J]. Bull. Amer. Meteor. Soc., 77:
437 - 472.

LiJ, Yu RC, Zhou T ], et al. 2005. Why is there an early spring
cooling shift downstream of the Tibetan Plateau? [J]. J. Climate,
18 (22) . 4660 - 4668.

LiJ, Yu R C, Zhou T J. 2008. Teleconnection between NAO and
climate downstream of the Tibetan Plateau [ ]J]. J. Climate, 21:
4680 — 4690.

North G R, Bell T L., Cahalan R F, et al. 1982. Sampling errors in
the estimation of empirical orthogonal functions [J]. Mon. Wea.
Rea., 110; 699 - 706.

St BRENEE . TRIR . 2005, B ST H S 3 ENSO (192
R RGP EE RN LR [T SEIL. 24 (3
366 - 377. Peng Jingbei, Chen Lieting, Zhang Qingyun. 2005.
Multi-scale variations of snow cover over QXP and tropical Pacific
SST and their influences on summer rainfall in China [J]. Plateau
Meteorology (in Chinese), 24 (3): 366 - 377.

MifE. 2009. &Gt HiR (M dEa: K5 d A, 128 - 143
Shi N. 2009. Statistical Forecast of Meteorology (in Chinese)
[M]. Beijing: China Meteorological Press, 128 - 143.

Tao S, Chen L. 1987. A review of recent research on the East Asia
summer monsoon inChina [ M]// Chang C P, Krishnamurti T N.
Monsoon Meteorology. Oxford: Oxford university Press, 60 —
92.

FEHE. 2008, PRFNTHRM N F R B RBR RS [J]. <
LA, 66 653 - 669, Wang B. 2008, Thrusts and prospects
on understanding and predicting Asian monsoon climate []J]. Acta
Meteorologica Sinica (in Chinese), 66 (5): 653 = 669.

Wang B, Lee ] Y, Kang I S, et al. 2008. Advance and prospectus
of seasonal prediction: Assessment of the APCC/CliPAS 14-mod-
el ensemble retrospective seasonal prediction (1980 — 2004) [J].
Climate Dynamics, doi: 10. 1007/s00382-008-0460-0.

Tk, MERE. 2001, 3T 45a & FJU RV P 3l 5 5 TR TRy
K& ] MK gbsik, 24 (3): 315-322. Wang Y B,
Shi N. 2001. Relation of North Atlantic Oscillation anomaly to
China climate during 1951 -1995 [J]. Journal of Nanjing Institute
of Meteorology (in Chinese). 24 (3): 315-322.



51 A P O R 1 =D VT =i -t LT v N RS DR o v R
No. 5 FENG Lei et al. A Predictive Model for Summer Precipitation over China Based on Upper Tropospheric . .. 975

BRI, JRSed. 1998, [ R Z= e Ko #4503 A (1 — A B WL HUR O

B [1]. B SHEEMIE. 3 (3): 218-226. Wei F Y, Zhang X

G. 1998. An objective predicting method for seasonal precipitati-
on anomaly distribution in summer over China [J]. Climatic and
Environmental Research (in Chinese), 3 (3): 218 - 226.

BRIE. 2006, K IT AT iR R K S8 AR A S T e 906
% [J]. KREFR#, 30 (2): 202-211. Wei Fengying. 2006. Re-
lationships between precipitation anomaly over the middle and
lower reaches of the Changjiang River in summer and several forc-
ing factors [J]. Chinese Journal of Atmospheric Sciences (in Chi-
nese), 30 (2). 202 -211.

BRI, 2007, BUCRMEGE T2 E S BN AR GF 2 O [M]. Jt
I REH ML, Wei F Y. 2007. Climate Statistical Diagnosing
and Prediction (in Chinese) [M]. 2nd ed. Beijing: China Meteor-
ological Press.

R, swEafhi. 2010, RAFRRRE RO 76 b [ AR B 2R ek
s ] KRR, 34 (1D 202-212. Wei F Y,
Huang J Y. 2010. A study of downscaling factors of atmospheric
circulations in the prediction model of summer precipitation in
Easter China [J]. Chinese Journal of Atmospheric Sciences (in
Chinese), 34 (1): 202 -212.

I, AR, D’ Arrigo Rosanne. 2008. CHARHL 754 5 vh [
AR ZFREK [J] Bragadi. 53 (12): 1422 - 1428. Wu
Bingyi, Zhang Renhe, D’Arrigo Rosanne, 2008. Arctic dipole a-
nomaly and summer rainfall in northeast China [J]. Chinese Sci-
ence Bulletin (in Chinese), 53 (12). 1422 - 1428.

Wu B, Zhou T J, Li T. 2009. Seasonally evolving dominant interan-
nual variability modes of East Asian climate [J]. J. Climate, 22;
2992 - 3005

Wu B, Li T, Zhou T J. 2010. Relative contributions of the Indian O-
cean and local SST anomalies to the maintenance of the western
North Pacific anomalous anticyclone during El Nino decaying sum-
mer [J]. J. Climate, 23: 2974 — 2986.

RGSC, BRIEZ. 2000, Him A BT 50 59 B AR IX E
TR R M — 4007 [J]. KR4, 58 (5): 570 - 581,
Wu Tongwen, Qian Zheng’an. 2000. Further analysis of the link-
age between winter and spring snow depth anomaly over Qinghai -
Xizang Plateau and summer rainfall of eastern China [J]. Acta
Meteorologica Sinica (in Chinese), 58 (5); 570 - 581.

Xin X G, YuR C, Zhou T J, et al. 2006. Drought in late spring of
South China in recent decades [J]. J. Climate, 19 (13): 3197 -
3206.

FEEK, FUE, FRE. 2009, FERREH 4~5 HERE T2
RS FHIE S O A (1], KRR, 33 (6): 1165 -
1173.  Xin Xiaoge, Yu Rucong, Zhou Tianjun. 2009. Southward
movement of the decadal drought in southeastern China during
April - May and numerical simulation of the effect of the conden-
sation heating [J]. Chinese Journal of Atmospheric Sciences (in
Chinese), 33 (6): 1165-1173.

Xin X G, Zhou T J, Yu R C. 2010. Increased Tibetan Plateau snow

depth: An indicator of the connection between enhanced winter
NAO and late-spring tropospheric cooling over East Asia [J]. Ad-
vances in Atmospheric Sciences, 27: 788 = 794.

WM, SRERZ. 2008, JUIK PV ¥ 3l X 7 it B2 2R K S 10 5 i)
[J1. RAEPB2£, 32 (5): 1187 - 1196.  Yang Lianmei, Zhang
Qingyun. 2008. Effects of the North Atlantic Oscillation on the
summer rainfall anomalies in Xinjiang [J]. Chinese Journal of At-
mospheric Sciences (in Chinese), 32 (5); 1187 - 1196.

Yu R C, Wang B, Zhou T J. 2004. Tropospheric cooling and sum-
mer monsoon weakening trend over East Asia [J]. Geophys.
Res. Lett., 31, 1.22212, doi: 10. 1029/ 2004GL.021270.

Yu R C, Zhou T J. 2004. Impacts of winter-NAO on March cooling
trends over subtropical Eurasia continent in the recent half centu-
ry [J]. Geophys. Res. Lett.,, 31, 112204, doi: 10.1029/
2004GL.019814.

Yu R C, Zhou T J. 2007. Seasonality and three-dimensional struc-
ture of interdecadal change in East Asian monsoon [J]. J. Cli-
mate, 20; 5344 — 5355.

FUNME, FIRZE, Z2gt, 45 2008, o EAFAMRAEI PRI = Gy
HERRFFS IR (1], KSR, 32 (4): 893 - 905.  Yu Rucong,
Zhou Tianjun, Li Jian, et al. 2008. Progress in the studies of
three-dimensional structure of interdecadal climate change over
eastern China [J]. Chinese Journal of Atmospheric Sciences (in
Chinese) , 32 (4): 893~905.

WKz, BRME. M, 4 2007, EZEFEFEKR AR
RN ks R 7R U] KR, 31 (6):
1290 -1300. Zhang Q Y, Lii ] M, Yang L. M, et al. 2007. The
interdecadal variation of precipitation pattern over China during
summer and its relationship with the atmospheric internal dynamic
processes and extra-forcing factors [ J]. Chinese Journal of At-
mospheric Sciences (in Chinese), 31 (6): 1290 — 1300.

Zhang R H, Sumi A, Kimoto M. 1999. A diagnostic study of the
impact of El Nifio on the precipitation in China [J]. Adv. Atmos.
Sci., 16 229 - 241.

Zhang Y C, Kuang X Y, Guo W D, et al. 2006. Seasonal evolution
of the upper-tropospheric westerly jet core over East Asia []].
Geophys. Res. Lett., 33, L11708, doi: 10. 1029/
2006G1.026377.

BT JHFFHE 2006, G 40 SEFRIE R KK SRS (B RO R AL Bl
AERBRASAE [J]. R G244 17 (5): 548 =556, Zhao Ping.
Zhou Xiuji. 2006. Decadal variability of rainfall persistence time
and rain-belt shift over eastern China in recent 40 years [ J]. Jour-
nal of Applied Meteorological Sciences, 17 (5): 548 = 556.

BIRE. 1996, JE/RJE M B XS Ab1:BR I A b K 1 52 0
[J]. KSR, 20 (4): 422 - 428, Zhan Zhenguo. 1996, Im-
pact of El Nifio events on atmospheric circulations in the Northern
Hemisphere and precipitation in China [J]. Chinese Journal of
Atmospheric Sciences (Scientia Atmospherica Sinica) (in Chi-
nese), 20 (4).: 422 - 428.

IR 1999, rE R RIS [M] dbat. KA,



P 35 %

976 Chinese Journal of Atmospheric Sciences

Vol. 35

297pp.  Zhao Z G. 1999. Summertime Floods and Droughts in
China and the Associated Circulations (in Chinese) [ M]. Beijing:
China Meteorological Press, 297pp.

JARE, skt AR 1999, REOKIEH G ES 25T [1].
KE 4R, 57: 264-282. Zhou T J, Zhang X H, Wang S W,
1999. The air — sea freshwater exchange derived from NCEP/
NCAR reanalysis data [ J]. Acta Meteorologica Sinica (in Chi-
nese), 57: 264 — 282.

Zhou T J, Yu R C. 2005. Atmospheric water vapor transport associ-
ated with typical anomalous summer rainfall patterns in China
[J7]. J. Geophys. Res, 110, D08104, doi: 10.1029/
2004JD005413.

Zhou T J, Gong DY, LiJ, et al. 2009a. Detecting and understand-
ing the multi-decadal variability of the East Asian summer mon-
soon; Recent progress and state of affairs [J]. Meteorologische
Zeitschrift, 18 (4). 455 - 467.

Zhou T J, Wu B, Wang B. 2009b. How well do Atmospheric Gener-

al Circulation Models capture the leading modes of the interannual
variability of Asian — Australian monsoon? [J]. J. Climate, 22;
1159 -1173.

Zhou T J, Zhang J. 2009. Harmonious inter-decadal changes of
July = August upper tropospheric temperature across the North
Atlantic, Eurasian continent, and North Pacific [J]. Advances in
Atmospheric Sciences, 26, 656 = 665.

Zhou T J, Zou L W. 2010. Understanding the predictability of East
Asian summer monsoon from the reproduction of land-sea thermal
contrast change in AMIP-type simulation [ J]. J. Climate, 23,
6009 - 6026, doi: 10.1175/2010JCLI3546. 1.

e, TkiE, BREERD. 2010. 57T R IR S AR AR R A
ZESRT R R [J]. BlaEimfe, 55 (6): 483-489. Zhu
Y F, Zhang B, Chen LL X. 2010. Thermal difference between the
Tibetan Plateau and the plain east of Plateau and its influence on
rainfall over China in the summer [J]. Chinese Science Bulletin,

55, doi: 10.1007/s11434-009-0613-5.



