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Vertical distributions of water vapor, particles, and wind during the passage of a
cold front as revealed by the Raman lidar and wind profiler observations
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Abstract: The vertical distributions of the water vapor, particles, and three-dimensional wind were
measured using a Raman lidar and a wind profiler during the passage of a cold front during 19-20 March
2002 over Tsukuba, Japan. The leading edge of the cold frontal head was identified by a sharp decrease in
the backscattering ratio below an altitude of 2.5 km. The cold air mass showed the geometrical and
dynamical characteristics of gravity (density) current: nose and head at the leading edge, billows behind
the head, and feeder flows in the middle height region. The observed results indicate that the cold front

efficiently lifted the water vapor and aerosols from the lower troposphere to the free troposphere.
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(a) Backscattering Ratio at 532 nm
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Fig.1: Temporal and vertical cross section of the backscattering ratio (a) and the water vapor mixing ratio
(b) obtained using the Raman lidar for the period ranging from 1903 JST 19 March to 0722 JST 20 March
2002 over Tsukuba. The arrows in the cross sections show the Doppler wind vectors (vertical and
horizontal components relative to the front motion) that were obtained using the wind profiler. The lower
panels show the temporal variations of temperature and the horizontal wind vectors at 213 m in height.
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Fig. 2: Schematic vertical cross section of a mature thunder storm outflow (gravity current) (after
Droegemeier and Wilhelmson, 1987). Note the correspondence with Fig. 1a.
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