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Influence of South China Sea Monsoon Trough Quasi-biweekly Oscillation
on Rainstorm in summer in Guangdong province
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Abstract Using NCEP/NCAR daily reanalysis datasetand Guangdong daily precipitation from 1961 to
2017, by selecting and classifying the rainstorm processes in the warm sector in Guangdong only caused
by South China Sea monsoon trough without the frontal system, the temporal and spatial distribution
characteristics of different types of monsoon trough rainstorm processes and their relationship with
atmospheric low-frequency oscillations are studied, focusing on revealing atmospheric circulation field
evolution characteristics in different phase of quasi-biweekly oscillations and the source and mechanism of
low-frequency signals with monsoon trough rainstorm process of the (strong) southwest monsoon type, by
the methods of synthetic analysis, wavelet analysis and Lanczos filter. The results indicate that (1)the
monsoon trough rainstorm process of the (strong) southwest monsoon type accounted for 54.1% of the
total cases, mainly occurring in the three major rainstorm centers (Yangjiang-Yangchun-Enping,
Haifeng-Lufeng-shanwei, Longmen-Fogang) along the coast and inland of Guangdong. The other three
types of monsoon troughs rainstorm process ((strong) southwest monsoon convergence type, southeast
monsoon disturbance type, tropical cyclone away/dissipation type) mainly occurred in the two major
rainstorm centers along the coast of Guangdong and on both sides of the Pearl River Estuary. (2)The
monsoon trough rainstorm process mainly exhibit quasi weekly (5-8 days) and quasi biweekly (10-24 days)
oscillations but less 32-65 days oscillations. (3)During the intermittent-start-peak-weak period of monsoon
trough rainstorm process of the (strong) southwest monsoon type, the low-frequency signal not only
originates from the southeastward-propagation of the quasi-barotropic  low-frequency wave train
consisting of a series of anomalous anticyclones and cyclones from Western Europe to Northeast Asia, but
also originates from the northwestward propagation of low-frequency cyclones in the tropical western
Pacific of southeast Philippines in the middle and lower troposphere. They made the South Asian High
move westward from Bangladesh to Pakistan, the western Pacific subtropical high gradually strengthened
and extended northwestward, from Balkashi Lake to Baikal lake, central and eastern China is controlled by
low frequency anticyclonic circulation or high pressure ridge in intermittent period gradually turning into
low frequency cyclonic circulation or upper trough in peak period. (4)In South China, the upper-air
divergence gradually increases and reaches the strongest, as the strong northeasterly at the southeast side of
the low-frequency anticyclonic circulation gradually changes to the strong westerly from the bottom of
low-frequency cyclonic circulation which controls the North China and South of the Yangtze, and the
northwesterly from periphery of low-frequency anticyclone which controls the Indian Peninsula-Northwest
South China Sea. The middle and lower layers are gradually controlled from the low frequency anticyclone
circulation or high pressure ridge to the (strong) southwesterly which comes from the north of the low
frequency anticyclone which controls the central and northern South China Sea and the Bay of Bengal, the
strong low-frequency cyclonic circulation and positive vorticity are formed over Southwest China, South
of the Yangtze and South China ,when the strong southwesterly are blocked by the low-frequency
anticyclone circulation over Northeast Asia, Japan and the southwestern Pacific. Guangdong is gradually
in the confluence area of the ascending motion from the monsoon circulation circle at low latitude and the
secondary vertical circulation circle at middle latitude, and the southerly wind anomaly from the middle



and lower troposphere and the ascending motion and the absolute vorticity gradually increase and reach the
strongest. The Sea level pressure gradually changed from a weak uniform pressure filed to a closed low
pressure extending northwards from the Beibu Gulf, the South China Sea monsoon trough lifts northward
and strengthens, making the monsoon trough rainstorm process of the (strong) southwest monsoon type
from the intermittent to peak period. These are beneficial to medium-extended-range forecast of monsoon
trough rainstorm processes.

Keywords Monsoon trough Rainstorm, Quasi-Biweekly Oscillation, (strong) southwest monsoon type, Low

frequency signal
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Table 1 The classification of the rainstorm process caused by monsoon trough that lasts for more than 2 days from 1961 to 2017 and the
corresponding oscillation period (days) (1 days apart is the same process)

MM R A REAME R A REAME KA AW BEAME KA M
1963.7.19-20 IV 10-16  1964.6.11-15 I 6-16 1965.6.14-17 I 12-18.5 1965.6.27-28 I 7.8-8
1966.6.11-14 II 10 1966.6.20-22 I 10-12 1966.7.1-2 I 1012 1968.6.12-15 1 10-12
1968.6.18-22 I 12-14 1968.7.3-5,8-9 I 515 1969.8.10-12 IV 10-12  1970.6.27-28 1 15-18.5

1971.6.5-8 I 10-12 1971.8.11-12 I 56 1972.6.4-5 I 612 19726.14-18 I 13-14
1972.8.11-12,14-15 1 40-65 1973.7.24-25 I 10-24 1975.6.5-6 I 67 1975.7.12-14 I 10-15
1975.8.7-8 I 57 1977.6.25-26 I 12-16 1978.6.6-7 I 810  1979.6.29-30 I 612
1981.6.29-30 I 7-18 1982.7.31-8.1 IV 10-12 1982.8.16-18 IV 10-12  1983.6.16-18 I 12-14
1984.6.3-4 I 15-20 1984.6.18-20 I 620 1984.8.4-5 I 67 1987.7.28-31 IV 12-185
1988.7.28-29 Il 7-8 1991.6.8-11 I 11-12 1991.7.30-31 I 657  1992.6.13-15 I 58
1993.6.7-11 | 7-8 1993.6.15-17 | 7-13  1994.6.10-12,14-16 [V8-10,22-30 1994.7.22-27 IV 14-16
1995.6.6-8 I 10 1995.6.14,16-18 1 10-14  1995.8.1-5 IV 10-12  1996.6.21-24 I  24-28
1996.8.15-18 I 9-10 1997.7.2-6 I 12-16 1997.7.17-19 I 8-10 1997.8.79,11-12 1 10-13
1998.6.18-19,21-25 1 12-151999.6.21,23-24 1 1516  2001.6.25-27 IV 68  2001.7.1517-18 1l 10-12
2002.6.9,11 I 7-10 2002.7.1-2 I 6-8 2002.7.16-20 I 7-10 2002.8.6-10 IV 12-14
2003.6.9-10 Il 12-18.5 2005.8.18-20 Il 18-28  2007.6.7-9 Il 20-23  2007.8.13-15 IV 45-48
2008.6.12-13,15-18 1 12-14 2008.7.6-9 I 7-12  2010.6.8-9 I 6-7 2010.6.14-16 1  7-12

2010.6.24-28 I 12-13 2011.6.28-29 I 7-18 2011.7.15-16 I 16-20 2012.6.21-23 IV 12-15
2013.6.24-25 IV 7-8 2013.7.2527 1 7-8 2015.7.21,23-24 IV 1823 2016.6.11-12 I  20-22
2016.8.11-14 [l 12-16 2017.7.2-3 1 12-16

2 1961-201 TAERREE2 R LA EAN[R] Y 2 XU 2 R 72 (138 H 8L
Table 2 Monthly number of rainstorm processes lasting more than 2 days caused by

different types of monsoon trough from 1961 to 2017

FKAN\H 6 H TH 8 A eyl
I 26 12 2 40
11 8 3 2 13
I 1 1 5 7
IV 4 5 5 14
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Fig. 3 (a, d) Thedaily precipitation (left y-axis, bars, units: mm) and 5-25 d filtered precipitation (right y-axis, blue dashed line, units:
mm) averaged at 86 stations in Guangdong Province from May to September 2002 and 2016. (b, e) Mexican hat wavelet transform
coefficient solid (dashed) line represent positive (negative) value and (c, f) global wavelet power spectrum (solid line) for daily mean
precipitation. In Fig. 3(a, d) the upper and lower horizontal solid line indicate one standard deviation of 5-25 d filtered precipitation. In
Fig.3 (b, e) the light (dark) shadings represent the regions with statistical significance at 0.1 (0.05) levels, based on the Monte-Carlo
method; the cross-hatched regions at both ends indicate the areas with boundary effects. In Fig.3 (c, f) the dashed line represents

statistical significance at the 0.05 level, based on the Monte-Carlo method.
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Fig. 4 Five phases of quasi-weekly oscillation.
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Fig. 5 (a-d) The composite 5-25-day filtered 200-hPa low-frequency geopotential height (unit: dagpm,solid lines indicate positive values,

dashed lines indicate negative values, and shadings represent passing 0.05 significance level) and low-frequency wind field (unit: m/s, black

arrows represent passing 0.05significance level, letters Aand Crepresent the anomalous anticyclone and anomalous cyclone, respectively) ,
and its unfiltered 200-hPawind and divergence field (shading, unit: 10°°S*) (e-h) during a quasi-biweekly oscillation fromphases 1to 4  for

monsoontrough rainstormprocess caused by (strong) southwest monsoon typein Guangdong in summer.
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Fig. 8 Same as Fig. 5, but for composite pressure—latitude cross sections (110=-117.5E mean) of composite 5-25-day filtered wind
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meridionalwind or vertical velocity components are statistically significant at the 95% confidence level), vorticity (shaded, unit : 10 s
, and geopotential height (contours, theintervalis 10 gpm; solid (dashed) contours refer to positive (negative)anomalies) during a quasi-bi

weekly oscillation fromphases 1to 4.
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850hPa wind phase 3
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Fig. 9 The 500-hPa geopotential height (bold solid lines, units: dagpm) and anomalies (black thin lines, shadings represent positive
anomalies, units: dagpm)(a-c) , and the 850-hPa wind field (unit: m/s)(d-f)during a quasi-biweekly oscillation from phase 1 to 3 for monsoon

trough rainstormprocess caused by (strong) southwest monsoon convergence (type II).
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Fig. 10 Same as Fig. 9, but formonsoontrough rainstormprocess caused by southeast monsoon disturbance (type ll).
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Fig. 11 Same as Fig. 9, but for monsoon trough rainstormprocess caused by tropical cyclone away/dissipation (type IV).
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