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Figure S1. Scatter plot of the estimated daily sea level pressure (Slpest) against observed

sea level pressure (Slpobs).
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Figure S2. Frequency distribution of the precipitation produced by MCS under
different synoptic types.
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To test whether the number of principal components exerts influences on the
classification of atmospheric circulation, we conducted sensitivity analysis by applying
the number of principal components of 5. Similarly, Figure S3 shows the five dominant
synoptic patterns under which all MCS events occurred in Beijing during the warm
season (from May to September) of 2018-2019. For the classification results with a
principal component fraction of 5, the first three circulation patterns are strong synoptic
forcing, while the last two circulation patterns are weak synoptic forcing. Type 1
Beijing is located on the periphery of the western Pacific subtropical high, consistent
with Type 1 in Fig.4. Type 2 Beijing is controlled by the strong high-pressure system
in the east, similar to the "high pressure in the east and low pressure in the west" pattern.
Under this circulation, the southerly wind dominates the region, and bringing warm and
humid air masses that are conducive to the occurrence of MCS. Type 3 is in front of the
cold front and is more likely to generate MCS near the cold front. Under Type 4 and
Type 5, the Beijing area is respectively controlled by high pressure and uniform
pressure fields, and the generation of MCS tends to be more influenced by local factors.

For the evolution of CTT (Fig. S4-S5), with a number of principal components of
5, when dominated by strong (weak) forcing, the average CTT along the urban
prevailing wind also shows a significant upward (downward) trend. Which indicates
that the number of principal components does not significantly affect the conclusions.
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Figure S3. Five dominant synoptic patterns showing the field of 850-hPa geopotential
height (color shading) superimposed by the wind field at 850-hPa (arrow) linked to the
MCS events occurring in Beijing during the warm season (from May to September) of
2018-2019, which are derived from ERA-5 reanalysis using the T-PCA classification
method.
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Figure S4. Spatial distribution of CTT from the FY-2 geostationary satellite for the five
synoptic patterns. Red polygon outlines the urban area of Beijing, and the black
rectangle (100 km >=20 km) is used to describe the spatial gradient of CTT centered on
the Beijing urban area under the prevailing wind for each synoptic pattern.
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Figure S5. Spatial evolution of satellite-observed cloud-top temperature (CTT, solid
line) as calculated for all the MCS samples that are located at one given location along
the prevailing wind in the black rectangles shown in Fig. S4 for the five different
synoptic patterns: Type 1 (a), Type 2 (b), Type 3 (c), Type 4 (d) and Type 5 (e). The
grey shading represents the urban area.
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Figure S6. Spatial evolution of normalized MCS area along the prevailing wind in the
black rectangles shown in Fig. 5 for the four different synoptic patterns: Type 1 (a),
Type 2 (b), Type 3 (c), and Type 4 (d). The grey shading represents the urban area, and
the normalized MCS area at one given location refers to the cloud area in this location
divided by its total area throughout its entire life cycle. The grey shading represents the

urban area.
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represent the results of the combined average of strong (weak) forcing.
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Figure S8. Spatial distribution of the occurrence frequency of MCS (a-d) initiation and
(e-h) dissipation as calculated from the warm season (May-September for the period
2018-2019) observations in Beijing under type 1 (a, €), type 2 (b, f), type 3 (c, g), and
type 4 (d, h) synoptic pattern. The red polygon refers to the Beijing metropolitan area.
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Figure S9. Simulated (a) 8, (b) horizontal wind and (c) RH by WRF-LES (blue lines)
under strong synoptic forcing and the corresponding observation by soundings (red
lines) at 0800 LST on 11 July 2018.
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Figure S10. Simulated (a) 8, (b) horizontal wind and (c) RH by WRF-LES (blue lines)
and the corresponding observation by soundings (red lines) at 0800 LST on 1
September 2020, when a weak synoptic pattern dominated the study area.
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Figure S11. The spatial distributions of cumulative precipitation amount from WRF-
LES simulations (color-shaded area) and observations (color-shaded dots) at (a) 20:00
BJT on 10 July to 20:00 BJT on 11 July 2018 and (b) 20:00 BJT on 31 August to 20:00

BJT on 1 September 2020.
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Figure S12. Relationship between the turbulent dissipation term and the cloud cover
under strong precipitating cases. The black solid line is the linear regression, and the
superscript = for R indicates that the regression slope is statistically significant
at p<0.01. The turbulent dissipation term represents the dissipation of TKE, where a
smaller negative value indicates a larger dissipation of TKE.
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