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ABSTRACT

This thesis presents a radar-based estimation method for the graupel volume in cumu-
lonimbus clouds. The gamma distribution parameters (N, p, A) for the graupel particle
size distribution (GPSD) were estimated using a C-band polarimetric radar (COBRA) and
particle observation instruments (videosondes). Snowflakes were measured with a ground-
based observation instrument (Parsivel). The Parsivel measurements were used to model the
snowflake size distribution with the three-parameter gamma distribution. Three variables
considered here were the diameters of the snowflakes at the 50th and 99th percentiles of the
volume (Dsq and Dyg, respectively), and the sum of the sixth powers of the diameter per unit
volume (7). The gamma distribution, which was fitted using the quantile method, provided
a good fit to snowflake size distribution between D5y and Dy, inclusive. The correlation
coefficient between the observed and estimated snowflake volume using the quantile method
was 0.989. Next, the number of particles obtained using the videosondes were corrected with
raindrop observations from a disdrometer. A correction factor was calculated from the ratio
of the number of raindrops per unit volume per size class determined by the disdrometer
and the videosondes. This correction factor varied with the size and number of raindrops.
Finally, the gamma distribution parameters (Ng, p, A = 0) for the GPSD were estimated
from the horizontal reflectivity (Zy,) and the specific differential propagation phase (Kgp).
Determining the GPSD from the COBRA required the particle density (0.25 gem ™) and the
average axis ratio under the assumption of Rayleigh scattering. A constrained Dsq optimiza-
tion method was used to estimate p and A from the p-A relation that was obtained from the
videosonde data. When p was less than 2, the GPSDs estimated with the constrained Djsq
method were in good agreement to those obtained from the videosonde data. The absolute
relative error in the graupel volume for the constrained D5y method was smaller than that
for the quantile method fitted to ground-based observation data.
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