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Abstract The fine climatological distribution and extreme weather of QLCSs (Quasi-linear convective systems) in North China are
still not clear. In this paper, the spatial and temporal distribution characteristics of 171 QLCS cases in North China identified by an
objective identification method for the period 2013—2018 are analyzed. According to the statistics of intense weather produced by
them, at least two types of QLCSs exist: one type with strong thunderstorm wind gusts and the other with extreme heavy rainfall.
Furthermore, the characteristics of circulation pattern, environmental condition, terrain effect, and surface cold pool as a key type of
mesoscale system are given for the two types of QLCSs. The findings are presented as follows. The spatial distribution of QLCSs in
North China, especially their formation positions, are closely related to the Taihang Mountains and Yanshan Mountains, and the
foothills of the two mountains are the highest occurrence frequency areas in Beijing-Tianjin-Hebei region. This is a feature revealed
for the first time. There are significant differences in the month of occurrence, the spatial scale, the moving speed, the formation time
and maintenance period between the two types of QLCSs. The circulation background, environmental conditions and cold pool are
also obviously different. The atmospheric baroclinicity is relatively obvious for QLCSs with strong thunderstorm wind gusts. The
large value area of BCAPE (best convective available potential energy) and DCAPE (downdraft convective available potential
energy) caused by the dry middle layer and large temperature reduction rate are important environmental conditions for the
generation of strong convective wind gusts. The strong cold pool and vertical wind shear within the layer of 0—3 km altitude play an
important role in the forward propagation of the QLCSs. Extreme precipitation caused by QLCSs with heavy rainfall is more

prominent for this type of QLCSs than that for the previous type. The second type of QLCSs usually occur in weak synoptic-scale
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forcing systems with sufficient water vapor supply. The back propagation maintained by the interaction between the weak cold pool
or the windward slope and the low level southerlies is the main mechanism for the development and slow movement of the QLCS,
which is also directly responsible for extreme heavy rainfall.
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Fig. 1 Terrain (shaded, unit: m), radar stations (red
triangles) and automatic observation stations
(black dot) in the study area
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Table 2 The list of QLCSs with strong thunderstorm wind gusts and heavy rainfall, respectively
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Fig. 4 The backbones of QLCSs with strong thunderstorm wind gusts (a—i. process 1—9) obtained by objective identification

method (blue lines, at 1 h intervals. The darker the color, the earlier the time), the distribution of stations with

thunderstorm wind gusts of Beaufort Scale 10—11 (orange dots), the distribution of stations with thunderstorm

wind gusts greater than Beaufort Scale 11 (red dots), 200 and 500 m of terrain height (thick gray contour lines)
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Fig. 7 Boxplots of environmental parameters for all the QLCSs and the two types of QLCSs from 2013 to 2018
(average values are marked with black numbers blue dots represent the environmental values of heavy rainfall (average values are marked
with blue numbers), orange "X" represents the environmental values of severe thunderstorm wind gust (average values are marked with
orange numbers); a. atmospheric precipitable water, b. dew-point deficit at 500 hPa, c. dew-point deficit at 700 hPa, d. specific humidity

at 850 hPa, e. potential pseudo-equivalent temperature at 850 hPa, f. temperature difference between 850 and 500 hPa,
g. best convective available potential energy, h. downdraft convective available potential energy,

i. convective inhibition, j. vertical wind shear from surface to 6 km)
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LRI ARL GEOHE T, 1 h WIF, BUOMTE, 1R (a. 2013 48 6 H 25 A 14, b. 20134 7 H 31 A 14 1,
c.20134F 8 H 4 H 14 1), d. 20154F 6 H 10 H 14 i}, e. 2016 45 6 H 10 H 14 B, £. 2017 47 H 7 H 20 i,
g.20174E7 1 9 H 148, h. 201747 13 A 14 1F,1. 2017 4E 8 J1 5 H 08 i)

Fig. 8 Environmental conditions of QLCSs with strong thunderstorm wind gusts, geopotential height at 500 hPa
(black solid line, unit: dagpm), divergence at 850 hPa (red dashed lines, <—1x107°s™), the Corfidi motion vector
(wind barbs, >5 m/s, the full barb represents 4 m/s), DCAPE (shaded, unit: J/kg), the tracking map of QLCSs (blue
backbone, at 1 h intervals; The darker the color, the earlier the time) obtained by objective identification method
(a. 14:00 BT 25 Jun 2013, b. 14:00 BT 31 Jul 2013, ¢c. 14:00 BT 4 Aug 2013, d. 14:00 BT 10 Jun 2015,

e. 14:00 BT 10 Jun 2016, f. 20:00 BT 7 Jul 2017, g. 14:00 BT 9 Jul 2017,

h. 14:00 BT 13 Jul 2017, i. 08:00 BT 5 Aug 2017)

(C)1994-2021 China Academic Journal Electronic Publishing House. All rights reserved.  http://www.cnki.net
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(b) Process 2 S (c) Process 3

(a) Process 1 =

40 45 50 55 60 65 dBz

K9 BRERIRILORITA RGN ZIH G SRR T (i dBz) MR SM AR (6B, Bz C) | TRl #E
KT 25C Wulhi fiA0A0 () 0—3 km KRB VIR (W5 8 [, £REAHLE 4 m/s) . 200 F1 500 m HJE 5 B 55
fHZk CHRLR) (a. 2013 4F 6 A 25 H 20 15, b. 2013 4E 7 A 31 H 22 5, c. 2013 4E 8 H 4 H 23 I,

d. 20154 6 7 10 H 20 (i), e. 2016 4 6 J 10 H 191, £. 2017 4£ 7 J 7 H 23 i,
2.20174E7 4 9 H 21 8§, h. 2017457 A 13 H 21 #,1. 2017 45 8 A 5 H 15 1))

Fig. 9 Composite reflectivity (unit: dBz) at representative time for the type of QLCS with strong thunderstorm
wind gusts, surface temperature (shaded, unit: °C), stations with dew point greater than 25 °C (yellow points), 0—3 km
vertical wind shear (as Fig. 8, the full barb represents 4 m/s), 200 and 500 m of terrain height (thick gray contour lines)
(a.20:00 BT 25 Jun 2013, b. 22:00 BT 31 Jul 2013, ¢. 23:00 BT 4 Aug 2013, d. 20:00 BT 10 Jun 2015,

e. 19:00 BT 10 Jun 2016, f. 23:00 BT 7 Jul 2017, g. 21:00 BT 9 Jul 2017, h. 21:00 BT 13 Jul 2017,

i. 15:00 BT 5 Aug 2017)

(C)1994-2021 China Academic Journal Electronic Publishing House. All rights reserved.  http://www.cnki.net
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Fig. 10 Same as Fig. 8 but for the type of QLCS with heavy rainfall and pseudo equivalent potential temperature
(color shaded, unit: K) (a. 02:00 BT 3 Aug 2015, b. 20:00 BT 24 Jul 2016, c. 20:00 BT 20 Jul 2017,
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Fig. 11 Composite reflectivity (unit: dBz) at representative time (marked in the figure) for the type of QLCS with heavy
rainfall, surface temperature (shaded, unit: °C), stations with dew point greater than 25°C (yellow points), wind barbs at 925 hPa
(as Fig. 10, the full barb represents 4 m/s), 200 and 500 m of terrain height (thick gray contour lines), the marks of the location of
QLCSs (blue pentagrams) (a. 06:00 BT 3 Aug 2015, b. 02:00 BT 25 Jul 2016, c. 03:00 BT 21 Jul 2017, d. 18:00 BT 2 Aug 2017, e. 02:00 BT
16 Jul 2018, f. 02:00 BT 6 Aug 2018, g. 02:00 BT 8 Aug 2018, h. 22:00 BT 11 Aug 2018, i. 21:00 BT 12 Aug 2018)
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Fig. 12 Composite reflectivity (unit: dBz) at representative time for heavy rain type QLCS when back-building happening,
wind barbs at surface (the full barb represents 4 m/s), stations with 3 h rainfall more than 100 mm (blue points), 200 and
500 m of terrain height (thick gray contour lines) (a. 06:50 BT 2 Aug 2015, b. 07:50 BT 2 Aug 2015, c. 08:00 BT 2 Aug 2015,

d. 23:00 BT 24 Jul 2016, e. 02:36 BT 25 Jul 2016, f. 03:50 BT 25 Jul 2016, g. 23:00 BT 15 Jul 2018,

h. 01:42 BT 16 Jul 2018, i. 02:36 BT 16 Jul 2018)
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