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Abstract The WRFV2. 2. 1 model is used to investigate the mechanism for a severe snowstorm event occured in Liaoning Prov-
ince during 3 —5 March 2007. With the help of the digital Doppler radar data and the pressure data per 10 minutes from the
surface automated mesonet stations. the structure and the environment features of the mesoscale gravity waves, as well as the
source of the gravity waves are studied. The results show that the WRF-simulated gravity waves developed in the upper layer of
the troposphere between 350 — 250 hPa (9 — 11 km) with an period of 2 — 3 hours, the horizontal wavelength of 30 — 40 km,
and propagating about 9 hours horizontally. The sea-level pressure perturbation amplitude is about 2 hPa, with a wave period of
2 — 3 hours, and propagates from southwest to northeast. Along the wave propagating path, the observed 1 hour snowfalls
show significant wave feature, with a period of 2 hours. When the WRF-simulated gravity waves is weakened, the Doppler ra-
dar reflectivity shows significant wave feature as well. The WRF-simulated mesoscale gravity waves were developed in an envi-
ronment of strong shear instability at 300 hPa, under the exit region of an upper level jet streak propagating toward the ridge.
The 300 hPa level where the gravity waves developed with Richardson number <C0. 25 is also featured of stronger warm inflow.
weak wind, and strong wind shear. Unbalanced flow developed in the area of mesoscale gravity waves with Lagrange Rossby
number >0. 7. The magnitude of the horizontal divergence tendency is larger with the wind shear term contributed most. It is
shown that the shear instability has strong effect on the development of the gravity waves.

Key words WRF model. Mesoscale gravity wave, Shear instability, Richardson number, Lagrange Rossby number, Unbal-

anced flow
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Fig. 2 Observed 850 hPa geopotential height, temperature,
and wind fields at 00;00 UTC 4 March 2007
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Fig.3 Simulated 850 hPa geopotential height, temperature,
and wind fields at 00:00 UTC 4 March 2007
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Fig. 4 Accumulated 6 h precipitation (mm) from the observation (a) and
the nested-grid simulation (b) for 00:00 —06:00 UTC 4 March 2007
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Fig. 7 Simulated horizontal divergence at 300 hPa for 18.:00 UTC (a) and 19:00 UTC (b) 3 March 2007

(The dashed lines are for the negative (convergence), the heavy solid lines are the zero-isolines,

the light lines are for the positive (divergence), and contour interval is 0.5X 107 *4s~ 1,

The line AB depicts the initial propagating direction of the waves)
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lines, and the wind velocity at 150 hPa is shaded)
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Fig. 14 WREF fine mesh simulations of the Richardson number at 17:00 UTC 3 March 2007
(a. The values are computed from the vertical wind shear of the horizontal wind velocities along the wave
propagating path with the area where Ri<C0. 25 is shaded; b. the values are computed from the vertical wind shear

of the mean horizontal wind velocities with the area where Ri<(1 is shaded and the contour interval of 0. 25)
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Fig. 15 Vertical profiles of the Richardson number (a), the vertical wind shear (b), and the vertical
gradient of potential temperature (¢) at the Zhuanghe station for 18:00 UTC 3 March 2007
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Fig. 16 WRF fine mesh simulations of the Lagrange Rossby number Ro
at 300 hPa for 18:00 UTC (a) and 19:00 UTC (b) 3 March 2007

(Contours are drawn from 0.5 to 1. 0 in the increment of 0. 1 and the area where Ro=>0. 7 is shaded)
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Fig. 17 WRF fine mesh simulations of the total horizontal wind velocity
divergence tendency ( X 10*s™?) at 18.00 UTC 3 March 2007
(The solid lines are for the positive, the dashed lines are for the negative, and

the heavy solid lines are zero isolines, with the interval of 10 units)
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Fig. 18 WRF fine mesh-simulated dot products of the horizontal gradient of vertical wind
velocity and the vertical shear of horizontal wind velocities valid at 18:00 UTC 3 March 2007

(The solid lines are for the positive, the dashed lines are for the negative, and

the heavy solid lines are zero isolines, with the interval of 10 units)
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