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Fig. 1 The dual-Doppler radar system
(Qihe and Binzhou; two great circles are their 150 km range

circles, respectively) and the dual Doppler radar

effective observation and retrieval areas (rectangles)
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Fig.2 Reflectivity (dBz) and radial velocity (m/s) at 01:46 BST 22 June 2004
(a. vertical cross—section of reflectivity (Qihe radar: shadings; and Binzhou radar: contours) along line
AB in Fig.3f; b. vertical distributions of radial velocities and their differences (dot and dash line)
at the mid—point of line AB detected by Qihe (solid line) and Binzhou radar (dashed line))
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Fig.3 Reflectivity (dBz) and radial velocity (m/s) at four elevation angles (0.5°:a,a/e,e; 1.5 :b,b/f,f;
3.4°:.c,c/g,g,; 6.0°:d,d /h,h,, respectively) at 01:17/01:46 BST 22 June 2004 detected by Qihe radar
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Fig.4 Wind fields in area I (see Fig.1) at 01:16 BST 22 June 2004 retrieved from the dual Doppler radar
data (Horizontal winds and reflectivity at 2.5 km (a), 3.5 km (b), 6.0 km (c) and 8.0 km (d) levels, respectively,
and the thin solid line in Fig.4a denotess the position of surface squall front; e. vertical cross—section of reflectivity
(shadings) and the resultant winds of u and w at y=—34 km, and the triangle on the abscissa denotes the positon of
surface gust front; f. vertical cross section of divergence (s '; contours)and # (shadings) at y=—34 km; g. vertical cross—
section of reflectivity (shadings) and the resultant winds of v and w at x=28 km; h. vertical cross—section of
divergence (s '; contours) and v (shadings) at x=28 km)
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Fig.5 Wind fields in area I (see Fig.1) at 01:46 BST 22 June 2004 retrieved from the dual Doppler radar data
(Horizontal winds and reflectivity at 2.5 km (a) and 6.0 km (b) levels, respectively; c. vertical cross—section of reflectivity
(shadings) and the resultant winds of # and w at y=—33 km; d. vertical cross—section of divergence (s'; contours) and u
(shadings) at y=-—33 km; e. vertical cross—section of reflectivity (shadings) and the resultant winds of v and w at x=58 km;

f. vertical cross—section of divergence (s'; contours) and v (shadings) at x=58 km)
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Fig.6 Wind fields in area II (see Fig.1) at 01:46 BST 22 June 2004 retrieved from the dual
Doppler radar data

(Horizontal winds and reflectivity at 2 km (a), 3 km (b), 5 km (c), 8 km (d) levels, respectively; e. vertical
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A STUDY OF 3-D WIND STRUCTURE OF A STRONG SQUALL LINE USING
DUAL-DOPPLER WEATHER RADAR DATA
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Abstract

A strong squall line swept all over Shandong Province on 21 —22 June 2004, and caused huge losses
due to large hailstones, strong surface gust wind and heavy rain. Fortunately two Doppler radars, located
at Qihe and Binzhou, synchronously caught the squall line. Therefore, the wind field of the squall line and
its evolution can be investigated here using the dual Doppler radar data. It is the first time that the three-
dimensional wind structure of a squall line is analyzed based on the dual-Doppler radar in China. The two
Doppler radar data were compared each other at first, and it was found that there was horizontal displace-
ment of about 2. 0 km in the position of reflectivity, and the reflectivity of Qihe radar was 5. 2 dBz larger
than that of Binzhou radar. However, the patterns of reflectivity measured by the two Doppler radar sys-
tems are similar, and there is a good accordance in radial velocities.

The three-dimension wind structure was analyzed by means of dual-Doppler radar data. The results
show that the wind convergence mainly took place below the height of 5 km. The low-level wind field dis-
played cyclonic character on the north part of the squall line, whereas on its south part the wind field pat-
tern was anticyclonic, with clear convergence of westerly and southeast inflows in between. Above the
height of 5 km over the strong echo band, the upper wind gradually turned to southeastward, and became
evidently divergent.

The vertical cross section of flow field perpendicular to the matured squall line indicates that the width
of the deep convective line (reflectivity >> 50 dBz) in the front portion of the squall line was less than 20
km, a narrow zone of weak reflectivity (less than 30 dBz) at lower levels located immediately behind the
convective region was a transition region, about 10 km in width. The stratiform rain with a radar bright
band was widespread. The 2-D wind structure in the vertical section indicates that the lower level easterly
inflow in the front met the deep westerly inflow behind of the squall line, ascended slantways upwards,
and then flowed out forwards in the mid-high levels, forming an anvil cloud in the front of the squall line at
the upper level. At the dissipating stage, the enhanced westerly inflow behind the squall line passed
through the intensive reflectivity band at low levels, resulting in the rapid decay in the easterly inflow a-
head and the lifting of the bottom boundary of the easterly inflow, which cut off the supply of low-level
moisture to the squall line. The vertical structure of winds and its major evolutional features of the squall
line are similar with those in the middle-latitudes region of America.

Key words: Dual-Doppler weather radar, Squall line, Three-dimensional wind field, Strong convective

line.



