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configuration of large scale circulation anomalies and its evolution
for extreme heavy precipitation events in the west of Sichuan Basin
based on classified weather pattern

Longguang Chen, Bin Chen and Xiangde Xu

State Key Laboratory of Severe Weather, Chinese Academy of Meteorological Sciences, Beijing
100081, China

The western side of the Sichuan Basin is one of the regions with the highest
frequency of extreme heavy precipitation events (HPES) in China. However, due to
the complexity of terrain and atmospheric circulations systems, the formation
mechanism of HPEs remains elusive. Based on the gauged data by China
Meteorological Administration from 2001 to 2020, GPM-IMERG precipitation and
ERADS reanalysis data, we selected 100 extreme HPEs in the west of Sichuan Basin,
and classified these HPEs into three categories with K-means clustering method. Then,
the anomalies of atmospheric circulation and its evolution with respect to different
category of HPEs are explored. The results show that, during the period of
precipitation, the geopotential height is characterized by a positive anomaly at the
upper-level (200hPa) and negative anomaly at the lower-level (850hPa), together with
the enhanced vertical wind speed, a "top-cold and bottom-warm™ atmospheric
temperature structure, and the increased water vapor transport departing from the low
latitude ocean area. However, their atmospheric circulations configuration, including
the South Asian High, the Western Pacific Subtropical High, and the westerly jet in
upper level, shows obvious difference and plays a dominant role in in shaping the
precipitation formation of different types and associated water vapor transport: For
category 1 HPEs ranked the highest frequency of occurrence, its associated water
vapor transport mainly comes from the Bay of Bengal and the South China Sea,
which controlled both by the Indian monsoon and the East Asian monsoon. As to
category 1, HPEs occurs with the strengthened WPSH, and its water vapor mainly

comes from the South China Sea, while the water vapor transport from the Bay of



Bengal is restricted. When it comes to the category 3, its water vapor transport mainly
controlled by the East Asian monsoon. Prior to the occurrence of HPEs, it can be
found that the Rossby wave action shows an increasing trend, the atmospheric vertical
wind speed increase significantly, and the temperature anomaly was more significant.
These features are conducive to the occurrence of extreme precipitation events. The
results also indicate that the changes in WPSH position and intensity on synoptic time
scales are better indicators for the prediction of heavy precipitation formation
compared to SAH.

Key words: Sichuan Basin; Large scale circulation; Extreme heavy precipitation
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Table 1. Selected 100 dates of extreme precipitation events and their corresponding weather
classifications

Date

WT1
2001-06-28  2001-07-24  2001-07-27  2001-08-16  2001-08-18  2002-08-08
2003-08-01  2007-06-28  2007-08-30  2008-07-20  2009-06-27  2009-07-08
2009-07-22  2009-07-30  2010-07-24  2011-07-06  2012-07-21  2013-06-20
2013-07-04  2013-07-17  2013-07-31  2013-09-18  2014-07-09  2014-09-17
2016-06-23 ~ 2018-05-21  2018-06-29  2018-07-10 = 2018-07-11  2018-07-14
2018-07-26  2018-08-02  2019-08-02  2019-08-05  2020-08-11  2020-08-12
2020-08-15  2020-08-16

WT2
2001-07-10 ~ 2001-08-07  2002-08-24  2003-07-18  2003-08-29  2004-09-03
2005-09-20  2006-07-22  2006-07-31  2006-09-04  2007-08-10 = 2008-07-31
2008-08-20  2009-08-16 ~ 2009-08-25  2010-07-16  2010-08-12  2010-08-13
2012-09-10  2013-07-28  2013-08-07  2014-07-31  2015-06-29  2015-08-03
2015-08-08  2015-08-16  2015-08-18  2016-06-06  2016-07-26  2017-08-07
2017-08-22  2018-08-21  2018-09-05  2019-07-21  2019-07-22  2019-07-28
2019-08-19  2019-09-12  2019-09-13  2020-07-25  2020-08-06 = 2020-08-17
2020-08-23  2020-08-30  2020-09-05

WT3
2001-09-19  2004-05-17  2004-08-02  2005-07-02  2007-07-27  2008-06-30
2008-09-22  2008-09-23  2011-07-03  2012-05-11  2013-06-18  2013-06-19
2013-06-29  2013-07-08  2013-07-09  2018-07-02  2020-06-26
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Figure 1. The topography and precipitation characteristics distribution in the west of Sichuan
Basin. Wherein, (a) topography and observed stations distribution; (b) average annual
precipitation; (c) average annual precipitation from May to September; (d) average annual strong
precipitation (total precipitation above 95th percentile); () number of grid days with precipitation



> 50mm d ™,
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Figure 2. Spatial distribution of three types of heavy precipitation (unit: mm). The black line

indicates the amount of precipitation larger than 50mm.
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SRR KR 32 i i IR OF R R ARG (2R EP4%, 2018) « Mt
5B K R AR 2 H R Bh A-I D AR S H R IR
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Figure 3. Composite horizontal wind speed, geopotential height (black solid line) and
geopotential height anomalies (color shadow, unit: dagpm) on 200 hPa (left column), 500 hPa
(middle column) and 850 hPa (right column), corresponding to the three circulation patterns of
heavy precipitation events (WT1, upper; WT2, middle, and WT3, bottom), separately. The white
dotted areas indicate that the anomalies are statistically significant at the 95% confidence level,
and the gray shaded area in Figure shows the location of the Tibetan Plateau.
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Figure 4. Latitudinal-height cross section of divergence (color shadow, unit: 10°s™) and vorticity
(green line, unit: 10°°s™) for three categories of precipitation events. All the variables are derived
from the longitudinal average (101-105 <E). The light green dotted line indicates the location of
heavy precipitation occurred.
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Figure 5. Latitude-altitude cross-section of the anomalies of atmospheric temperature (colored
areas; unit: K), vertical velocity (black arrows, unit: m s™) and geopotential height (black lines,

unit: dagpm) for WT1 (left), WT2 (middle), and WT3 (right) precipitation events, averaged for
101-105<€. The white dotted areas indicate the anomalies exceeding the significance test at the 95%
confidence level. The terrain is masked as the gray shading (corresponding to right coordinate).

The light green dotted line indicates the location of heavy precipitation occurred.
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Figure 6. Upper panels show the integrated column water vapor transport flux and its divergence



(unit: 10° kg m™ s™) of three category of precipitation patterns. Lower panels are their
corresponding anomalies.
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Figure 7. The geopotential height (black lines) and wave action flux at 200hPa (arrow) on the (left
column) 8th day, (middle) 4th day and (right) 1th day before the extreme precipitation for WT1,
WT2 and WT3, superimposed by corresponding geopotential height anomaly (shaded, unit:
dagpm), the location of the upper jet zone with horizontal wind speed lager than 30 m s™. The blue
rectangle indicates the location of precipitation of occurred, and the dotted area denotes the values
passing the significance test at the 95% confidence level.
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Figure 8. The anomalies of horizontal wind speed (arrow) and geopotential height (shaded) at
500hPa on the (left column) 8th day, (middle) 4th day and (right) 1th day before the extreme
precipitation for WT1, WT2 and WT3. The white dotted area indicates the areas with 95%
confidence level. The black solid contours indicate the 5880 gpm geopotential height.
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Figure 9. Same as Figure 8, but for the height on 850 hPa.
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Figure 10. The latitudinal-height cross section (averaged over 101-105 °E) for the anomalies of
atmospheric vertical velocity (arrow, unit: m s, temperature (shadow, unit: K) and geopotential
height (black line) on the (left column) 8th day, (middle) 4th day and (right) 1th day before the
extreme precipitation for WT1, WT2 and WT3. The green circle indicates the location of upper
lever jet zone with wind speed exceeding 30 m s, and the dotted green line frame indicate the
location of the precipitation events. The white doted area shows the temperature anomalies
exceeding 95% confidence interval.
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Figure 11. The 8-days evolution of area, intensity index and location of east/west ridge points for
the SAH (upper) and WPSH (bottom) before the occurrence of three categories of heavy
precipitation events.
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