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Observations of tropospheric scattering layers with a Raman/Mie lidar and the MU
radar frequency interferometric imaging (FII) mode
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Abstract

We have carried out simultaneous high-resolution lidar and radar observations, and compared the
scattering layers observed with the both equipment. A Raman/Mie/Rayleigh lidar at Shigaraki MU
observatory, Shigaraki, Japan (34.9N, 136.1E) with a Nd‘YAG laser with 532 nm wavelength was
used as a lidar system. Two elastic channels (532 nm) for Mie/Rayleigh scatter, two channels for
pure rotational scatter, and another channel for water vapor vibrational Raman scatter are
equipped with a height and time resolution of 9 m and 10 sec. The MU radar (Middle- and
Upper-atmosphere Radar) with 1 MW peak power at 46.5 MHz was utilized as a VHF radar.
Frequency domain Interferometric Imaging (FII) technique with five frequencies between 46.0 and
47.0 MHz was used to improve height resolutions. Distribution of radar reflectivity was estimated
with the Capon method, which provides a height resolution of 20 - 30 m. Temporal resolution was
about 5 - 15 sec. The scattering layers with the radar were compared with a various parameters
derived from the lidar. Among them, vertical gradient of backscatter ratio corresponded well with
the radar reflectivity. Similarly, vertical gradient of water vapor mixing ratio correlated well with
the radar reflectivity. The time height variation of peak of these gradient with the lidar agreed well
with the excursion of the peak of radar signal intensity. The height difference between the peaks by
two techniques was within 30 m. This suggests that refractive index gradient affects the existence
of radar scattering layer significantly. A finding of very good correlation between the vertical
gradient of lidar backscatter ratio and the radar reflectivity suggests the capability of FII imaging
technique to trace the layered structure. Also stressed is a possibility of studying tropospheric

layered structure by combined radar and lidar measurement.
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Figure 1. Echo intensity observed by FlI Figure 2. Vertical gradient of backscatter ratio by
mode with the MU radar between 00:03 and lidar for the same time period. + denotes
00:33 on November 15, 2005. Peak intensity maximum of the gradient.

is shown by + symbols.
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Figure 3. Comparison of the peak altitudes of radar echo intensity (solid) and gradient of

backscatter ratio (dotted) shown in Figure 1 and 2.
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Figure 4. Radar echo intensity shown by black and white level with the peak height of gradient of
backscatter ratio (white symbols) observed between 22:06 on June 6 and 04:14 on June 7, 2006.
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