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The interannual variation of Annual Cycle of the East Asian Subtropical
Monsoon and its Impact on Summer Rainfall in North China
Sun Wanyi and Zhu Congwen
Chinese Academy of Meteorological Sciences, Beijing 100081
Abstract Owing to the complicated change of East Asian summer monsoon and
chaotic influence, the accurate forecast of summer rainfall anomalies in North China is
a great challenge. To understand the origin of summer rainfall anomalies in this region,
we applied the daily observed rainfall with CRA-40 atmospheric reanalysis, harmonic
and MV-EOF analysis to examine the impact of annual cycle of East Asian subtropical
summer monsoon (EASSM) on the summer rainfall anomalies in North China during
1979-2020. Our results show that, in climatology, the rainfall related seasonal cycle of
winds at 850hPa in North China exhibits two dominant modes, characterized by the
southwestly and southeastly, which reaches their peak in early and late July,
respectively. Although the rainfall in North China revealed by the first two modes
exhibits consistent changes on interannual scale, it is successively affected by
southwestly wind and southeastly wind anomalies. Based on the analysis of the onset
date (P1), peak date (P2), retreat date (P3), duration (D) and amplitude (A) of the annual
cycle modes during the rainy season and the summer monsoon rainfall (from June to
August) anomalies in North China, We found that the onset and retreat date, and the
amplitude of annual cycle modes dominated by southeast wind are significantly
positively correlated with the summer rainfall anomalies in North China, while the peak
date and duration are negatively correlated with the summer rainfall anomalies in North
China. Its phases (P1, P2, P3) variation are related to the intensity of southwest wind in
summer, while the amplitude (A) variation mainly depends on the intensity of southeast
wind. The peak date, retreat date and amplitude of the second annual cycle mode,
dominated by southwestly wind shows a significantly positive correlations with
summer rainfall anomaly in North China. Since the summer rainfall dominated by the
southeast wind starts from April to May, the establishment of the EASSM related to the
rainfall in North China provides a new index for the seasonal forecast of summer

rainfall in North China.



Keywords East Asian subtropical summer monsoon, Annual cycle, Interannual
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topography & stations distribution
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Fig. 1 Topography (shading, units: m) and distribution of in-site stations (blue dots) used in this
paper in North China. The red rectangle indicates the target area in current study.
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Fig. 2 Time series of climatic (a) precipitation (units: mm day™), (b) East Asian Monsoon Index

(EAMI), (c) zonal wind at 850hPa (units: m s™), (d) meridional wind at 850hPa (units: m s'). Grey
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bars represent the original data; blue dashed lines represent the annual mean (AM) component; black
solid lines represent the sum of annual mean (AM) and annual cycle (AC) component; red solid
lines represent the sum of annual mean (AM), annual cycle (AC) and intraseasonal (ISO) component.
Precipitation and winds are the average of North China.
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Fig. 3 MV-EOF analysis of the annual cycle (AC) component of climatic precipitation in North
China and winds at 850hPa. (a-b) spatial patterns of the first two modes (shading and vector indicate

the precipitation and winds, respectively). (c-d) time series of the first two modes.
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(a) Variance contribution
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Fig. 4 (a) Variance contribution, (b) correlation coefficient of the annual mean (AM, black bars),
annual cycle (AC, blue bars) and intraseasonal (ISO, red bars) component anomalies of rainfall
to/and total rainfall anomalies on seasonal, monthly, pentad time scale in summer in North China.
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Fig. 5 MV-EOF analysis of the annual cycle component of precipitation in North China and winds
at 850hPa from 1979 to 2020. (a-b) spatial patterns of the first two modes (shading and vector
indicate the precipitation and winds, respectively). (c-d) time series of the first two modes. The box
and whiskers plots indicate the 25th, 50th, and 75th percentile, as well as minimum and maximum
values, respectively. The thick black line is the mean of 1979-2020.
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Fig. 6 The schematic of parameters about seasonal cycle of circulation related to precipitation in
North China. P1 represents the onset date. P2 represents the peak date. P3 represents the retreat date.
D represents the duration. A represents the amplitude. The shaded area indicates the flood season
(June-July-August) of North China.
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Fig. 7 Standardized time series of parameters of the (a) first mode (southeastly mode), (b) second
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Fig. 9 Parameters of the southeastly mode regressed precipitation (dots) and winds at 850hPa (vector,
units: m s') anomalies in summer. The colored dots indicate the stations that is statistically
significant above the 90% confidence level, the black vectors indicate the region that the winds are

at the 90% confidence level in at least one direction.
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Table 1 Extreme years corresponding to the interannual variation of five parameters of the first two annual cycle modes.

P1
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P3

D

A
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P R KU
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1982, 1990, 1993,
1994, 2007, 2011,
2015, 2020

1983, 1984, 1985,
1999, 2003, 2008,
2018

1983, 1987, 1988,
2000, 2001, 2020

1995, 2003, 2013,
2014

1984, 1987, 2014

1981, 1989, 1997,
1999, 2000, 2010,
2018

1987, 2001, 2003,
2004, 2011, 2013,
2014, 2017

1981, 1984, 1988,
1993, 1997, 2008

1980, 1987, 1995,

1998, 2003, 2010,

2014, 2015, 2019,
2020

1981, 1989, 1997,
1999

1983, 1985, 1987,
1999, 2003, 2008,
2014, 2018

1982, 1989, 1993,
1994, 2007, 2015

1981, 1982, 1988,
1993, 1994, 1996,
1999, 2016

1990, 1992, 2002,
2009, 2014

1979, 1987, 1991,
1995, 1996, 1998

1984, 1985, 1988,
1999, 2000, 2010,
2014
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Fig. 11 Composite summer rainfall (shading, units: mm day') and winds at 850hPa (vector, units:
m s') anomaly for extreme years of parameters of the southeastly mode. The left row shows the
negative years, the right row shows the negative years. Precipitation stations are stippled by white
dots when the values are significant at the 90% confidence level, and vectors are shown in black

when the values are significant at the 90% confidence level in at least one direction.
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Fig. 12 Same as in fig. 11, but for extreme years of parameters of southwestly mode.
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