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Development of measurement technique for atmospheric turbulence using radar inversion
#Ryosuke Tamura", Koji Nishimura®, Hiroyuki Hashiguchi?
DResearch Institute for Sustainable Humanosphere,?National Institute of Polar Research

Atmospheric radar can observe the height profiles of wind velocities from the turbulent scattering of radio wave. In
theory, it can also estimate turbulent intensity from the Doppler spectral width of the atmospheric radar. In order to
estimate the turbulent broadening s, from the observed spectral width ss, it is necessary to consider other broadening
effects: beam (Speam), shear (Sghear), and time (sgme) broadenings [1]. Namely, s%ub = S%obs = (S%heam + S%hear + Stime) -
However, s, sometimes becomes negative due to the over-estimation of beam broadening. The estimation error of
beam broadening is caused by the assumption that the beam pattern is rotationally symmetric and has low sidelobes.
Especially, for the radar which has an asymmetric beam pattern such as the PANSY radar at Syowa Station in Antarctica,
debroadening is considered remarkably difficult.

Recently, a new radar observation theory which has a potential to be able to estimate the accurate beam broadening
was proposed by Nishimura et al. [2]. In this theory, if we assume that the time functions of turbulent vortex which
scatter the radio wave are uncorrelated between the any different points in the observation volume and its power
spectral expectation is equal, then, the correlation function (CF) of the received signal (R) is equal to the multiplication
of its scattering function (F) determined by the turbulent

strength, two way beam pattern function (G) determined by the wind velocity, and window function (W) determined
by sampling temporal lag [2]. That is R = FGW. It implies that when turbulent strength and wind velocity are unknown,
we can theoretically estimate these parameters by solving the inverse problem.

In this study, we use the MU radar of RISH, Kyoto University to apply this new theory to real radar data analysis. As a
first step, we use wind velocity obtained from Doppler Beam Swinging (DBS) method and estimate the turbulent
broadening. In this case, it is relatively easy to solve inverse problem because the unknown parameter is just the
turbulent strength. In practice, to avoid the affections from the noise and clutters, we estimate the parameter from the
Fourier transform of CFs and optimization is conducted by the least squares method (see figure).

As the next step, we try to develop the debroadening algorithm which deals with the estimation of wind velocity and
turbulent strength. It is expected to be able to analyse more precise wind velocity compared with conventional methods
like DBS or Spaced Antenna (SA) method and turbulent strength.

The new way of observation algorithm can be applied not only to an atmospheric radar but also to a Doppler weather
radar having the interferometer function and has a possibility to estimate the cross-radial velocities.
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