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Abstract: The paper focuses on analysis of temporal evolution characteristics of thermo-dynamical structure
and storm-related environment in different positions of a squall line that occurred in Beijing-Tianjin-Hebei
Region on 30—31 July 2013. The study is based on rapid-refresh 4DVar (RR4DVar) analysis system using
6 CINRAD radar observations combined with regional 700 automatic weather stations. The results indicate
that the storm develops under favorable weather conditions. When the squall line forms there is strong
warm and wet air convergence, rising motion, strong middle-level vertical wind shear, and positive and
negative vorticity approximately balanced in front of middle and southern sections, which contribute to the
organization and development of middle and southern sections. In comparison, the front of northern sec-
tion is under the influence of weak middle-level vertical wind shear and divergence and sinking movement,
which is not favorable for the development of northern section. As the squall line spreads down from the

mountain, the front parts of middle and southern sections are under the control of relatively strong middle-
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level vertical wind shear, thus strong warm and wet air convergence result in strong dynamic lifting. Also

the warm and wet flow is stably conveyed to the ascending area in storm. All these are beneficial to new-

born convective cells and high organization of middle and southern sections. During the squall line evolves

into the bow echo, strong middle-level vertical wind shear, outflow boundary and cold pool dominate the

middle section. Moreover, the terrain forcing effect is extremely significant. These all are conductive to

the convergence and aloft motion of low-level warm and wet airflow southerly in front of the bow echo,

which are the main causes for the quick enhancement of bow echo and stable maintenance during the squall

line down the mountain.
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Fig. 1 Composite reflectivity mosaic from 6 CINRAD radars in
Beijing-Tianjin-Hebei Region (color shaded) at 19:00 (a),
20:04 (b), 21:02 (¢), 22:00 (d), 23:03 (e) and 23:59 (f) BT 30 July 2013
(The black hollow circles denote 6 radar sites. BJRS, TJRS, SJZRS, QHDRS, ZBRC and CDRC denote S-band radar

sites of Beijing, Tianjin, Shijiazhuang, Qinhuangdao, and C-band radar sites of Zhangbei, Chengde, respectively;

solid black line denotes 200 m terrain elevation, used to distinguish plain and mountain)
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Fig. 2 Hourly precipitation in Beijing-Tianjin-Hebei Region from 19:00 BT 30 to 01:00 BT 31 July 2013
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Table 1 The maximum rain intensity and location in Beijing-Tianjin-Hebei Region
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(a, e) 200 hPa 7K X375 (— M B U] AF 3R 78 KU R/ 4 moe s TR [RD XU CRE 8 9228, H v B 6 0L 37 K
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Bk R Ho i 208 F B D7 R ARE CR D A B 92k MLk s (e, @) 850 hPa LY 0 84 B 39 KoK 7 R
Hrr @SR B M R (L. g » kg ' FRD s (d, h) #TH AR CRE I |
8 U 7 G B 5280 KoK T R B152 R Mt LA 1 2 mo g B A 19 L
Fig. 3 Synoptic situation at 14:00 (a, b, ¢, d) and 20:00 (e, {, g, h) BT 30 July 2013
(a, e) horizontal wind (a black bar denotes 4 m « s™') and wind speed (blue solid lines) at 200 hPa, black thick
arrow is the axis of jet; (b, f) temperature field (red dotted lines), geopotential height field (black solid lines) and
horizontal wind at 500 hPa, red letter “D” denotes low pressure, brown line is trough; (c, g) temperature field,
geopotential height field and horizontal wind at 850 hPa, brown lines are shear lines, the shaded denotes specific
humidity; (d, h) surface pressure fields (black solid lines), dew point field (blue solid lines) and horizontal wind,

the shaded denotes 2 m specific humidity
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Fig.4 Rawinsonde observations from 54511 Sonding Station in Beijing
at 14:00 (a) and 20:00 (b) BT 30 July 2013

(the right side for wind profile of each panel)
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[H R A SR 19:23 IZ4LE ST 26K 7 (B dB2)  SRARME S 35 dBz, 8] Fi 2 10 dBzs 55 (4 55 (0 2 40 3l iR BE BB i (F s . O
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Fig. 5 Simulated middle-level (0.25—6.25 km) vertical wind shear value (a, shaded area),

perturbation temperature field (b, shaded area) and horizontal wind (a, vector; b, vector)

at the lowest model level and vertical section of perturbation temperature (¢, d) at 19:23 BT 30 July 2013

(White contours indicate composite reflectivity with 10 dBz interval at 19:23 BT and the minimum value is 35 dBz,

the purple contours indicate the gradient of perturbation temperature, with the minimum value is 2°C and 1°C interval;

thick black line denotes 200 m terrain elevation, used to distinguish plain and mountain, the regions A,

Bl and B2, C represent the front of north, middle and south section in squall line system, respectively,

and perturbation temperature and velocity fields are shown in a vertical cross section through the line A1— A2

and B1—B2, in which vertical velocity is multiplied by 10 in Figs. 5¢ and 5d)
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Fig. 6 Horizontal vorticity in vertical cross sections through the line A1—A2 (a) and line

B1—B2 (b) in Fig. 5b at 19.:23 BT 30 July 2013
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Fig. 7 Same as Fig. 5, but for 20:38, the white contours indicate composite reflectivity at 20:39 BT 30 July 2013
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Fig. 8 Same as Fig. 6b, but for
20:38 BT 30 July 2013
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Fig. 9 Same as Fig. 5 and Fig. 6b, but for the 23:27 BT, the white contours indicate composite reflectivity at 23:25 BT
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