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Abstract Using atmospheric data of NCEP / NCAR re-analysis, NOAA Sea Surface Temperature (SST) data, and
monitoring data of the rainy season in North China from 1961-2016, the climatic characteristics of the onset date of rainy
season in North China (OSDRS_NC) is analyzed. Through synthetic analysis and regression analysis, the relationship
between OSDRS_NC and the atmospheric circulation system as well as SST anomalies (SSTA) is analyzed. The results
show that the mean OSDRS NC was July 18 in the past 56 years. The earliest OSDRS NC was July 6, and the latest was
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August 10. The OSDRS_NC shows significant inter-annual variation, and its long-term variation trend is not obvious.
The OSDRS_NC is closely linked to the activities of the western Pacific subtropical high (WPSH), the East Asian
westerly jet stream (EAWJS) and the East Asian summer monsoon (EASM). When the establishment of the EAWJS, the
second northward jump of the WPSH, and the northward movement of the EASM are earlier than normal, the
OSDRS NC is earlier than normal, and vice versa. The relationship between the OSDRS NC and the SST over the
Tropical Indian Ocean and the equatorial central and eastern Pacific is significant and stable in the spring and summer.

When the Nifio3.4 index and the Indian Ocean Basin-wide Warming (IOBW) display positive (negative) anomalies, the
WPSH enhances (weakens) and shifts to the south, the Lake Baikal high enhances (weakens) and the EASM weakens

(enhances). These anomalies lead to late (early) onset of the rainy season in North China.

Keywords Rainy season onset in North China, Atmospheric circulation, Equatorial East Pacific SST, Indian Ocean SST
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Fig. 1 Schematic diagram of the division of the monitoring area and spatial
distribution of the rainy season monitoring stations in North China ( purple
spots are stations in Beijing, blue spots are stations in Tianjin, red spots are
stations in Hebei, yellow spots are stations in Shanxi, green spots are stations

in Inner Mongolia )
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Fig. 2 Anomaly sequence chart of onset dates of the rainy season in North China (OSDRS_NC) from 1961 to 2016, where the straight line represents the linear

trend and the curve represents the 9-year running average
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Fig. 3 Correlation maps between OSDRS NC and (a) 200 hPa zonal wind, (b) 500 hPa geopotential height, (¢c) 850 hPa meridional wind during 1961-2016.

& B

The light and dark shadings indicate values at the 95% and 99% confidence levels, respectively
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Fig. 4 Time-latitude cross sections of (a, b) zonal wind (units: m s ') at 200 hPa and (c, d) geopotential height (units: gpm) at 500 hPa averaged over

110°~140°E. (e, f) Time-latitude cross sections of meridional wind at 850 hPa (units: m s ') averaged over 110°~122.5°E. (a, c, ¢) are for early OSDRS_NC

years, (b, d, f) are for late OSDRS_NC years. The dotted line represents the climatological mean subtropical high ridge line, and the solid line represents the

mean subtropical high ridge line in anomalous years
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Table 2 Onset dates of the rainy season in North China and the time (pentad) of second northward jump of the WPSH

(western Pacific subtropical high) from 1961 to 2016

1IN ZE A= St LN ZE [El e - LS| A= St
Ay FHiA ) eld:s A FHiA H ) bk Ay Fras H UALBk
1961 7HI18H 6 %5 1% 1980 8 H 10 H 9 FE 2 5% 1999 7H6H 7 A5k
1962 7H8H 7 A5 ® 1981 7H6H 7 HE 2 1% 2000 7H6H 7 A 4
1963 7H6H 7 13 1982 7H25H 7 %6 2001 7H24H 7 HE
1964 7H6H 7 HE 4% 1983 7 H30H 8 F 1 % 2002 7H30H 7 HE S5 E
1965 7H31H 8 HH 3% 1984 7THI1LH 6 J155 5 15 2003 7H23H 8 FIA 4 it
1966 7HI15H 7 A3 % 1985 7THI11H 7 HE 5 % 2004 7H18 0 7 A 4
1967 7H17TH 7 1 4 1986 7H20H 8 %6 2005 7H23H 8 Hi 2 1%
1968 7H23H 8 2 1% 1987 8 H3H 8 %2 % 2006 7H23H 7 1 6 fE
1969 7H20H 7 HEE 4 5 1988 7H6H EE XX 2007 7H29H 7 1561k
1970 7H21H 7 A5 ® 1989 7H16 H 7 HE 3% 2008 7H150 7 A5 ik
1971 7HI18H 7 HE 1990 7HI19H 7 4 2009 7H17TH 7 HE 2
1972 7HI19H 7 HE 2 1991 7HI17H 7 5 4% 2010 7H3LH 7 HE 4%
1973 7H6H 7 HE 2% 1992 7H23H 7 R 5% 2011 7H24H 8 FIH 4 %
1974 7H16 A 7 A5 ® 1993 7H9H 8 HE 5 1% 2012 7H9H 7 A 4
1975 7H21H 7 HE 1994 7H6H 7 HE % 2013 7H9H 7 HE 2
1976 7H18H 7 HE 4% 1995 7H14H 7 5 % 2014 7H3LH 7 HE 4%
1977 7H6H 7 HE 4 1996 7H9H 7 HE 4 1% 2015 7H23H 7 1561k
1978 7HI19H 7 A2 1997 7HI19H 8 HEp 4 1% 2016 7H18 0 7 1A 6 ik
1979 7H21H 7 HE 5 1998 7H12H 9 HE 3 fi




R ACEE

14
No. 1

M I T ZE T AR S DR RSN IR S K R
YU Xiaocheng et al. The Relationship between the Onset Date of the Rainy Season in North China and the ...

113

FK. S 45T 1961~2016 4F 7 H KV HZE K,
SRIEFREC S SR M T IR R AR A, b AR
W 7 RIR AT £ 2 45 X (Wang, 2002), AR4f
Kl 3b ARG 2 X 4, 1B HL (30°~50°N, 110°~
125°F) by i G- 2 I, PR 5 AH O 22 40— 0.31,
BEATFEE] 95%, PEBMIEAR—I, HEFN
Py, AeJbm G, A8 20 tHEad 90 AR
JaIX ARG N . B des £ XFEL T AL
I UE W E . W5 H4E 850 hPa V X7 I [i]—4h
FEfm e e, 6 HrAa 7 H T, AR
X M A Al (25°~50°N) 2 g KUESE, Wt
Uy e | T N P = 1 v/ R T R < S
fnik, ARTHEACRZ=ITA I 5o id B A7 D) 1 27 A
B, AR AL AR, R AR T S 2 XU R

Wi w59, AR TR AL X ik, FEEEL
T2 46 i R

o IUPII S5 | A =5 B R P S NI NG 2 ¥
ARG MNE R ACHEE R SR, RS, AR
ErEEMEE, 56 ATaAETH EA), PRGN
JeBkfh i e AR bR R AR B 2R K L
HESEIRLO, AR THAC I ZE T4 i 5, i R 4 D)
FH, T HAX PP A ey e s S RN
Z PR AR S 7 20 12D 90 4EAR S A0 AR kW
S

5 fedtmZFFFiaF S A= E S
BRIEE (SST) BIXAE

ENSO i H [ Bk A7 KR, 2 T S0

25 T T T T T 10

2] (a) e —e— OSDRS_NC ],
o —e— EAWJS
= 6
© =
e ©
2 45
S 5
2 2 9
2 ° £
a 5
[72]
O

-15 T T T T T -6

1960 1970 1980 1990 2000 2010
Year
25 T : T 15
20 (b) ? —e— OSDRS_NC —e— the second northward 142

y/d

OSDRS_NC anomal

jump of WPSH

Time anomaly/pentads

T
2010

y/d

OSDRS_NC anomal

Index anomaly

T T
1990 2010

Year

Bl5 1961~2016 FAEALMZIF A 0 (a) EIRGEPEREIRALE (HED. (o) Elm s bS] (%), (o) ZRIEE 2 KGR AT 1 AF bR R
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Fig. 6 Correlation maps between OSDRS_NC and SST (Sea Surface Temperature) in the (a) winter, (b) spring, and (c) June and July during 1961-2016. The

light and dark shadings indicate values at the 95% and 99% confidence levels, respectively



13 TR ARIEM TP R S KSR R W R R
No. 1 YU Xiaocheng et al. The Relationship between the Onset Date of the Rainy Season in North China and the ... 115

&5 5 OSDRS_NC 56 %, EHL Nifio3.4 R4,
Nifiol.2 FEECFIHGHT BT &V 4 X — BUR R SRS
5% (IOBW) , 73 SST & 4555 IL =TT
LRI R AN 2B (B 7D o i’ 7 T, =
A SST #5455 OSDRS NC — B /& IEAH, MKHR
N1 HE6 HIZE T, #HOCE2 H 4 e 4~
6 H, B8 T 95%MEEAKY, Hrp Nifiol.2 ¥4
5 OSDRS_NC #5i K H 4 4 4 H, Nifio3.4 4551
IOBW 545 OSDRS NC A2 K 034 6 H,
Nifio3.4 R 6 HIMCREFIL 0.5, L2 T
99% I EAF Ko

eI X SST 5 OSDRS. NC [f1AH %
KRBT KT, SR E =AM R (4
H Nifiol .2 $5%(. 6 H Nifio3.4 $5%R IOBW 3540
5 OSDRS_NC f# 21 43 8hA5% (K 8) . Nifiol.2

0.5 —— NINO1.2
: —— NINO3.4
—— [OBW
« 0.4
Q
8 — Py
'5 0.3 4
=
2 02
o
@]
0.14
0.0

Ja'n Felb M'ar A'pr M'ay Jllm Jlljl Alllg Sép O'ct N;w D;tc
Month

B 7 1961~2016 fFAEILHTZRIT 4R F U5 SR8 IX e 4t S TR J ) 12

HMRARE B ) SR BEKFIEE 95% (99%)
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(b, d) Nifio3.4 indexes in June. The light and darkshadings indicate values at the 95% and 99% confidence levels, respectively
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