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First simultaneous measurement of vertical air velocity, particle fall velocity, and hydrometeor
sphericity in stratiform precipitation: Results from 47-MHz wind profiling radar and 532-nm
polarization lidar observations
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Abstract

Results from simultaneous measurements of vertical air velocity (W), particle fall velocity, and hydrometeor sphericity in stratiform
precipitation are reported for the first time. A case of decaying stratiform precipitation on 8 December 2008 (case A) and that of
active stratiform precipitation on 16 December 2008 (case B) observed at Sumatra, Indonesia (0.2°S, 100.32°E) are described. A
47-MHz wind profiling radar measured # and reflectivity-weighted particle fall velocity relative to the air (V) simultaneously.
Upward W above the melting layer (ML) in the case B (> 0.2 m s™') was greater than the case A (< 0.1 ms™). ¥, at 300 m above the 0
°C altitude in the case B (1.6 m s™) was greater than that in the case A (1.3 m s™"). The thickness of ML in the case B (900 m) was
greater than the case A (300 m). The results suggest that the size growth of hydrometeors under the presence of upward W
contributed to the formation of thicker ML in the case B. Lidar measured an increase of linear depolization ratio (J) and lidar dark
band in the ML, and their thickness were consistent with the ML thickness determined by V,. J of raindrops was 0.08-0.10 in the case
B, while it was close to zero in the case A. In addition to the deformation and oscillation of raindrops, wind disturbance is also a
candidate which explains the J increase in the case B. In the case B, a dip of J was measured just below the ML.
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Fig. : Altitude profile of (a) W, (b) Vz, (c) P, and (d) J averaged from 2014 to 2141 LST on 16 December 2008. Positive
W values indicate that wind velocity is upward, and positive V' values indicate that hydrometeors fall toward the ground.

Arrows at the right of each panel show the altitude of 0 °C estimated by the radiosonde soundings. The thick curves
show the average values, and the dotted curves on the both sides of the averaged values show disturbance determined
by the standard deviation.
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