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Frontal Rain and Summer Monsoon Rain During Pre-rainy Season in
South China. Part I. Determination of the Division Dates
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Abstract Heavy rain during pre-rainy season usually causes a flood in South China, but the prediction for the rain
during pre-rainy season is still a challenge for meteorologists. To a large degree, the rain prediction depends on un-
derstanding of its characteristics. Generally, the rain during pre-rainy season is considered as frontal rain. But, the
South China Sea summer monsoon (SCSSM) can invade South China and dominate rain there in June, even early
May. Since the characteristics of rain during pre-rainy season are so different, it is important to distinguish SCSSM
rain from frontal rain. In order to distinguish them, NCEP/NCAR reanalysis data, the Climate Prediction Center
(CPC) Merged Analysis of Precipitation (CMAP) and data of 730 surface stations of China are used to analyze the
differences of frontal rain and monsoon rain during pre-rainy season under the mean climatological condition (1971 -
2000), and the basic criterion of beginning of summer monsoon rain in South China is made as follows: zonal wind
at 100 hPa shifts from westerly to easterly and easterly persists for exceedingly five days. An important feature of
SSCSM onset is upper tropospheric zonal wind shift from westerly to easterly, corresponding the northward move of

South Asia High. To make sure that the upper troposphere over South China is dominated steadily by easterly, east-
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erly wind must persist for over five days. Accompanying the zonal wind shift, lower tropospheric temperature and

moisture change abruptly. Therefore, zonal wind shift at 100 hPa can be used to determine the start of summer

monsoon rain in South China, and the changes of lower tropospheric temperature and moisture are used to validate

and revise the start date determined by zonal wind shift at 100 hPa. By the criterion, beginning date of summer

monsoon rain in South China has been derived as 24 May under the mean climatological condition. Through the ana-

lyses, the beginning dates of that from 1951 to 2004 are obtained too. The results of composite analysis indicate that

the derived dates distinguish tropospheric characters during frontal rain from that during monsoon rain.

Key words South China, pre-raing raining season, frontal rain, summer monsoon rain
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Fig. 1 Vertical cross section of climatological mean (1971 —2000) (a) zonal winds (m/s, easterly region is shaded) during pre-rainy season

in South China (20°N - 23°N, 110°E-120°E), thick line marked by dots is 0. at 850 hPa; (b) precipitable water content (P,,)
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Fig. 3 Climatological mean precipitation (mm/d) over 110°E = 120°E during the pre-rainy season: (a) Climatological mean (1971 - 2000)

daily data from surface stations in China mainland (five-day running mean is executed); (b) climatological mean (1979 - 2000) data from

CMAP. Dash arrows denote frontal rain and solid arrows denote summer monsoon rain
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Table 1 Beginning time of summer monsoon rain in South China and onset time of the South China Sea summer monsoon (SCSSM)

e 1 2 U K T B i ] e VRO

[CH-BH (H, ] Onset time of SCSSM (month, pentad)

Beginning time of summer monsoon 3¢ [ SCHR[23] K SCHRL24] 2k H SCHR(25] ok B 3Ck[26] o B SCHR[27]

rain in South China [ month-date From reference ~ From reference ~ From reference  From reference ~ From reference
4 Year (month, pentad) ] [23] [24] [25] [26] [27]*
1951 05-13 (5,3) 5,1 5,2 5,1
1952 05-23 (5,5) 5.3 5,3 5.5
1953 05-15 (5,3) 5,2 5,2 5,1
1954 06-04 (6,1) 5,2 6,2 5,6
1955 05-28 (5,6) 5,5 559 5,2
1956 05-17 (5,4) 5,1 6,1/6,3 5,4
1957 06-13 (6,3) 5,3 6,2 6.1
1958 05-30 (5,6) 5,6 555 5,5 5.0 5,5
1959 06-03 (6,1) 6,1 5,6 5,6 5,6 5,6
1960 05-29 (5,6) 4,6 5,6 4,5 5,6/4,5 5.6
1961 05-28 (5,6) 5.4 5,4 5,3 5,3 5.3
1962 06-02 (6,1) 5,4 5.4 5,4 5.4 5.4
1963 05-31 (5,6) 6,1 6,1 5,6 5,6 5,6
1964 05-20 (5,4) 5.5 5.4 5,4 5.4 5,4
1965 06-02 (6,1) 5,6 5,6 5,5 5,0 5,5
1966 05-28 (5,6) 5,1 5,1 5,1 5,1 4,6
1967 05-22 (5,5) 5,4 959 5,5 950 5,4
1968 06-06 (6,2) 5,6 5.4 5,6 5,6 6,1
1969 06-04 (6,1) 5,5 555 5,5 5,0 5,5
1970 05-30 (5,6) 5,3 6,1 6,1 6.1 5,2
1971 06-02 (6,1) 5,3 6,1 5,1 5.3 5,3
1972 06-07 (6,2) 5,3 5,3 5,2 5,3 5,3
1973 06-14 (6,3) 6,2 6,2 6,2 6,2 6,1
1974 06-03 (6,1) 5,6 5,6 4,5 5.6/4,6 5,5
1975 06-03 (6,1) 5,6 559 5,6 6,1 5,6
1976 05-24 (5,5 5,6 5.4 5,2 5.4 5.3
1977 05-31 (5,6) 5.4 5.4 5,4 5.4 5,4
1978 05-26 (5,6) 5,5 555 5,5 550 5,4
1979 05-21 (5,5) 5,3 5,3 5,3 5,3 5,3
1980 05-23 (5,5) 5.4 5,3 5.3 5,3 5,4
1981 06-03 (6,1) 5,3 5,3 5,3 5,3/6,1 5,3
1982 05-31 (5,6) 6,1 5,6 6,1 6,1 5,6
1983 05-24 (5,5) 5,5 5,3 5,5 6.1 5,5
1984 06-04 (6,1) 4,6 5.4 4,6 5,1/5,5 4,6
1985 05-27 (5,6) 5,1 5,6 4,5 5,6/5,1 4,5
1986 05-19 (5,4) 5,3 5,2 5,3 5.3 5,2
1987 06-11 (6,3) 6,2 6,2 6,2 6.2 6,2
1988 06-06 (6,2) 5,5 5,5 5,5 5,5 5.5
1989 06 -10 (6,2) 6,2 6,2 5,4 5,5/6,2 5,4
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Table 1 (Continued)
T 7 IRREE 7K B ] R BN R RE (A, )22
[CH-BH (H, ] Onset time of SCSSM (month, pentad)
Beginning time of summer monsoon 3¢ [ SCHR[23] K SCHRL24] 2k H SCHR(25] ok B 3Ck[26] R B 3CHRL27]
rain in South China [ month-date From reference ~ From reference ~ From reference  From reference ~ From reference
4 Year (month, pentad) ] [23] [24] [25] [26] [27]*
1990 06 -06 (6,2) 5,4 5,4 5,4 5,4 5,4
1991 06-14 (6,3) 6,2 6,2 6,2 6,2 6,2
1992 06-01 (6,1) 5,5 5.4 5,4 5,4 5,4
1993 06-01 (6,1) 6.2 5,6 6.2 5,6 5,5
1994 05-22 (5,5) 5,1 5,1 5,1 5.1/4,2 5,2
1995 05-17 (5,4) 5,3 5,3 5,3 5.4 5,3
1996 06-19 (6,4) 5,2 5,2 5,2 5,2/5.4 5.2
1997 06 -06 (6,2) 5,4 5.4 5,4 5.4 5.4
1998 05-31 (5,6) 555 5,5 5,5
1999 05-26 (5,6) 4,5
2000 06-04 (6,1) 5.3
2001 05-21 (5,5) 5,2
2002 06-02 (6,1) 5,3
2003 06-09 (6,2) 5.5
2004 05-23 (5,5) 5,4
44 Mean 05-24 (5,5) 5,4 5,4 5,4 5,4 5,4

* 2000 422 T 1) P 1 B 70 XUBER R B TE] R [ SRR (27, 2000 4R 2 J5 BSO8R} R T R A= A 1L
SCSSM onset time before 2000 is from reference [ 27 ] and that after 2000 is provided by Liang Jianyin and Li Chunhui.
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Taking the beginning date of summer monsoon rain in South China as reference, composite 100 hPa stream field (a. contour is zonal

wind and interval is 5 m/s) and 850 hPa zonal wind (b, interval is 1 m/s) for 1951 = 2000 averaged over 110°E - 120°E (Easterlies are shaded)
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