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Observation of Strong Wind Fields during Passage of Cold Front by Doppler Lidar
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Synopsis

Field observation of wind fields has been carried out by using a doppler lidar and
meteorological radars. Characteristics of fluctuational wind under cumulus convection
and the growth of boundary layer including not only the effect of ground friction caused
by surface roughness but also the effect of gust caused by up/down draft was examined
and clarified. Some observed cases with the down flow under cumulus during passages of
cold front were examined. The wind fields were simulated by large eddy simulation with
canopy model, cloud physics model and boundary condition from simulated wind field by
meteorological model WRF. The simulated wind fields consist with the observation. The
wind speed near the ground increases with the down flow under the cumulus convection.
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Fig. 1 Origin of strong wind which causes damage
on houses and buildings
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Fig. 2 Layout of observation devices
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JMA RADAR

0200 UTC 16 FEB.
(1100 JST 16 FEB.)

Fig. 3 Radar echo on February 16, 11:00am, Fig. 4 Weather map on February 16,
2020. Okinawa radar JIMA 9:00am, 2020. IMA
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b. Time record of vertical wind speed and wind direction

Fig. 5 Observed record by doppler lidar on February 16, 2020.
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Fig. 6 10 minutes averaged mean wind speed
profiles. Observed by doppler lidar before
(10:10-20) and after (13:10-20) the passage of
cold front on February 16, 2020.
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Fig. 7 Wind field calculated by WRF on February
16, 11:00am, 2020. Color contour shows vertical
wind speed at 1200m, vector shows horizontal wind
velocity at 500m.
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Fig. 8 Instantaneous wind fields over roughness change surface from smooth (sea) to rough (land)
calculated by LES. Variation without and with cold air parcel under cumulus convection.
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Fig. 9 Wind field in the vertical plane near the
ground during the passage of cold front calculated
by LES with cloud physics model. Color contour
shows vertical wind speed, vector shows wind
velocity in the plane.
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