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Cirriform cloud observation in the middle troposphere
by VHF Doppler radar and Mie lidar
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Abstract

It is demonstrated that a combination of VHF-band Doppler radar and lidar is a key tool for observing vertical air
motion (W) in and around cirriform cloud. A case of middle-tropospheric cirriform cloud at the tropical region (West
Sumatra; 0.2°S, 100.32°E) on 8 May 2004 is presented. Altitude profiles of W were observed by VHF (47-MHz)
Doppler radar. Using characteristics that strong backscattered echoes are received by 532-nm lidar in cloud regions due
to Mie scatterings by cloud particles, altitudes where rapid increase (decrease) of the backscattered signal intensity
occurred (terminated) were judged as cloud bottoms (tops).

W showed different features in the upper, middle, and lower part of cirriform clouds. Downward motions up to 0.5 m
s were dominant in the upper part. Highly turbulent W, which was larger than 0.5 m s both in upward and downward
directions, was observed in the middle part. W showed relatively small changes in the bottom part. Features of W in the
middle and upper part of the cirriform clouds suggests that microphysical processes play a significant role in regulating
dynamical processes in cirriform clouds.
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Fig. 1: (a) Altitude profile of backscattered signal intensity observed by the 532-nm lidar at 1920 LT § May
2004. (b) Magnified view of a region indicated by the gray rectangle in panel (a). Thick black and solid
curve shows a vertical profile of received signal intensity observed by the 532-nm lidar. Horizontal dashed
line at 5.8 km (7.9 km) indicates a cloud bottom (top) defined as an altitude where increase (decrease smaller
than a threshold value) was observed in received signals of the 532-nm lidar. Vertical thin solid line in panel
(b) shows a noise level.
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Fig. 2: Time-altitude plot of spectral width observed by the VHF (47-MHz) Doppler radar from 1600 LT to
2300 LT 8 May 2004. Spectral width is defined as half-width of 3-dB point from the spectral peak of
atmospheric echo. Cloud region determined by the 532-nm lidar is shown by thick white curve. Thin white
lines indicate at 8.2 km, 7.6 km, and 6.4 km altitude, at which vertical air motion and turbulence are plotted
in Fig. 3.
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Fig. 3: Time series of vertical air motion (triangles) and spectral width (vertical lines) observed in at (a) 8.2
km, (b) 7.6 km, and (c) 6.4 km from 1600 LT to 2300 LT 8 May 2004. Vertical air motion and spectral width
were observed by the 47-MHz Doppler radar.
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