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Abstract A mesoscale numerical mode named Weather Research and Forecasting (WRF) was utilized to simulate a
squall line occurring on 10 June 2006 which severely impacted Zhejiang Province by using conventional observational
data, mesonet data, and cloud motion wind data. The results showed that the mesoscale convergence line/zone in
the boundary layer was associated with organized strong convection. There was a simulated mesoscale convergence
line in eastern Ningbo besides that a gust front formed by forward outflow and lay in front of the squall line. The lo-
cal convergence line in eastern Ningbo, which prevented the eastward propagation of strong instability at the top of
the boundary layer, could be characterized by a weak stable stratification and that it is drier in the west and wetter in

the east. In addition, a mesoscale closed vertical circulation with about 10 — 20-km scale generated near the surface
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to the east of the local convergence line. In reverse, the vertical circulation prompted weak easterly flow to enhance

the local convergence line. It produced a new gust front when the existing gust front and the local convergence line

met, which could intensify humidity at the top of the boundary layer and release strong instability gradually. Espe-

cially in the front of the new gust front, it resulted in intensification of upward movement and breaking out of strong

convection.

Key words numerical simulation, assimilation, squall line, heavy rainfall, gust front, mesoscale convergence line
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Fig. 1 Sketch map of squall line on 10 Jun 2006. Dashed lines:
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m/s; triangles; stations with hail
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Fig. 2 Radar reflectivity (dBZ): (a) Observed from Hangzhou radar station at 0900 LST 10 Jun 2006; (b) simulated at the 11th integration
hour; (¢) observed from Ningbo radar station at 1210 LST 10 Jun 2006; (d) simulated at the 14th integration hour. Thick dashed lines and

D', E', F are severe echo belts, and A", B', C" are centers of severe echo
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integral hour. Thick dashed lines and D, E, F are heavy rain belts, A, B, C are centers of heavy rain, and line PQ gives the position of cross
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Fig. 4 Temporal evolution of observed surface wind along the
moving direction of squall line on 10 Jun 2006. z-axis: stations;
Lsl: observed gust front line; Ls2: observed local convergence

line to the east of Ningbo
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Fig. 5 Surface streamline field with observed precipitation (shaded) in the next hour: (a) Observed at 1000 LST 10 Jun 2006 ; simulated at

(b) the 12th integral hour, (¢) the 13th integral hour, (d) the 14th integral hour. Lml: simulated gust front line; Lm2: simulated local

convergence line to the east of Ningbo
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Fig. 6 Temporal variation of simulated surface temperature (°C): (a) At the 13th integral hour; (b) at the 14th integral hour
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Fig. 7 Vertical cross sections along line PQ in Fig. 3b: (a) The observed high-color-rendering radar reflectivity from Ningbo Doppler radar

at 1210 LST 10 Jun 2006; (b) radar reflectivity (shaded) and equivalent potential temperature (contour, units: K) at the 13th integral

hour; (¢) wind speed normal to the cross section (contour, units; m/s) and divergence (shaded) at the 13th integral hour; (d) wind speed

parallel to the cross section (contour, units; m/s) and vorticity (shaded) at the 13th integral hour. Triangles give positions of convergence

line, and vectors are the wind circulation
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Fig. 8 Temporal evolution of observed local convergence line to
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gust front line; solid and dashed isolines: surface divergence
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Fig. 9 Vertical cross sections along line PQ in Fig. 3b of (a, c, e) relative humidity (shaded), (b, d. f) instability (shaded), (a, b, c, d.
e) vertical velocity (contour, units; cm/s), and (f) equivalent potential temperature (contour, units; K): (a, b) At the 11th integral hour;
(c, d) at the 12th integral hour; (e, f) at the 13th integral hour. Thick dashed lines give the positions of gust front and convergence line,

and vectors are the wind circulation

TIRFIT I RGEBREESE R . AR BT L RS RPN A, FR S A2 PEAL R S U R <
FITE, PENBEARBAR GRS . BRI RS WILSIEG HACPIIARZ i BB Rz 0 .



X " B ¥
Chinese Journal of Atmospheric Sciences

1138

34 £
Vol. 34

Height/km
=

T T 60 80 oo

Distance/km
2.0pr S :
© /
50
“h
E A
=
= 1.0 50
on
E’ N ~—>| 7 .
5
N
R =Lty
LS [~
= RNt
PAT e T
V \ N~
N N -
00 20 40 60 80 100

Distance/km

2.0 T

Height/km

Height/km

Distance/km

P10 B 9a TAEFEHIA (a. o TEETHIEA NG EEEL, B m/s) . (by O AT TR N0 L, A0 m/s)
AAEECHRE CHIAEELR, $fi: cm/s) MIEELHIM: (ay b) BUMEHE 12 /0Fs (oo & BUMHS 13 /i, HLBZRAUKRIR LR AE, KRR

Fig. 10 Vertical cross sections of (a, ¢) wind speed normal to the cross section (thin isoline, units: m/s). (b, d) wind speed parallel to the

cross section (thin isoline. units: m/s), and vertical velocity (thick isoline. units: cm/s) in the area of rectangle in Fig. 9. (a. b) At the

12th integral hour; (c, d) at the 13th integral hour. Thick dashed lines give the positions of convergence line, and vectors are the wind circu-
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