Raindrop size distribution model for global rainfall measurement
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The modeling of raindrop size distribution (DSD) is important to quantify the rain rate retrieval from
passive and active microwave sensors onboard the GPM satellite. Until the launch of TRMM, there was
no global information of DSD mainly because of the difficulty to obtain DSD over vast ocean and land
areas. TRMM Precipitation Radar (PR) has a capability to estimate a parameter of raindrop size
distribution (DSD) from a combination of effective radar reflectivity factor profile and a path-integrated
attenuation with the surface reference technique. The directly derived DSD parameter called *“&” which is
the adjusting parameter of the coefficient « in k = oZ.”, where k and Z are attenuation coefficient and
effective radar reflectivity factor at 13.8 GHz, respectively. In other words, adjusted « is expressed as « =
gap Where o is a standard coefficient derived from a standard DSD model. It is necessary, however, to
validate the estimated DSD parameter since the & estimate is subject to various errors such as
non-uniform beam filling and variation of surface back-scattering coefficient. On the other hand, if ¢
provides the information of DSD, it would be extremely useful to improve the accuracy of radar rainfall
measurement and to understand the climatology of cloud micro-physical processes.

We have been studying the properties of the &parameter or the “a” coefficient in Z = aR® relation
where Z and R are radar reflectivity factor and rainfall rate, respectively, in order to validate the PR
estimation of DSD. It has been found that ¢ shows fairly reasonable land/ocean contrast, diurnal and
seasonal variations in comparison with past findings obtained from ground-based DSD measurements.
Moreover, comparisons of ¢ statistics and those derived from disdrometer data at several TRMM ground
validation sites show good agreements between them.

Possible error sources in ¢ have been investigated. One of the most important points is the effect of
variation of surface back-scattering coefficients in rain and in no-rain conditions that directly causes bias
errors in the surface reference technique. It is found that the variation does exist, indicating the necessity
to make some correction for such back-scattering coefficient variation.

In order to apply the PR-estimated global distribution of DSD to the GPM rain retrieval algorithm, we
have studied the relation between rainfall type proposed by Katayama and Takayabu. It is found that the
DSD seems broad in thunderstorm over land and in low pressure system over ocean. The result of this
study is now being applied to the GSMaP algorithm.
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