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Identification of Stratiform and Convective Cloud Using 3D Radar Reflectivity Data
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Abstract An automatic algorithm for the partitioning of radar reflectivity into convective and stratiform rain classifi-
cations has been developed and tested using volume scan radar reflectivity data from the Guangzhou and Fuzhou
Doppler weather surveillance Radar. Based on the differences of radar reflectivity distribution morphology between
convective and stratiform rain, six preparative reflectivity-morphological parameters are presented, which are com-
posite reflectivity and its horizontal gradient, echo top height associated with 35 dBZ reflectivity and its horizontal
gradient, vertically integrated liquid water content and its density. To arrive at a set of skillful separation parame-
ters, the probability densities of the six separation attributes from “true” stratiform and convective rain are ob-
tained. Ideally, the statistics should come from a large sample in a site- and seasonality-specific manner, but large
sample estimation of parameter statistics is not operationally viable. So the approach taken here is to estimate the
parameter statistics from a small but very informative sample. Such a sample should contain, at least, a precipitation
event with widespread, well-developed and clearly distinguishable areas of convective and stratiform precipitation.

This paper uses the representative squall line on 22 March 2005 and mixed precipitation with bright band enhance-
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ment on 23 June 2005 at Guangzhou. Areas of ‘true’ stratiform and convective precipitation are identified by analy-
zing images of six preparative parameters and selective vertical cross section of reflectivity in man-machine interac-
tion manner. Results show that the densities of the horizontal gradient of composite reflectivity, the horizontal gra-
dient of echo top height associated with 35 dBZ reflectivity and the density of vertically integrated liquid water con-
tent which are identified as the ultimate stratiform and convective cloud separation parameters are more concentrative
than those of composite reflectivity, echo top height associated with 35 dBZ reflectivity and vertically integrated liq-
uid water content, and the cross parts exist in the probability density function graphs of stratiform and convective
cloud separation parameters. It is not very desirable to select a single set of thresholds for stratiform and convective
cloud separation which could not possibly work well consistently and reliably for all sites, all seasons, and under va-
rying conditions of radar calibration accuracy. Therefore, the fuzzy logic method is used for stratiform and convec-
tive cloud separation. The membership function of the fuzzy logic method is constructed according to the probability
density features of the ultimate stratiform and convective cloud separation parameters, and the asymmetric trape-
zoidal membership function is chosen as the form of the membership functions. Three cases from Ghuangzhou and
Fuzhou Doppler weather surveillance Radar are studied using the fuzzy logic method and the advanced maxima meth-
od. Results show that both the methods can separate most stratiform and convective rain. Because of using only the
two-dimensional reflectivity morphology feature, the advanced maxima method has two main sources of misclassifi-
cation; convective classification being assigned to heavy stratiform rain, and stratiform classification being assigned
to the periphery of convective cores. By applying information based on the three-dimensional hydrometeor field in-
ferred from radar reflectivity, the fuzzy logic method improves the performance of echo classification by correcting
two main error sources of the advanced maxima method. Heavy stratiform rain and the periphery of convective cores
are both classified correctly by the fuzzy logic method.

Key words radar reflectivity, stratiform and convective cloud separation, the fuzzy logic method
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dar at 1548 UTC 28 Mar 2005
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Fig. 7 Separation results of stratiform and convective cloud by the fuzzy logic method (a, b, ¢) and the advanced maxima method (d, e, f):

(a, d) 0251 UTC 22 Mar 2005; (b, ) 0007 UTC 23 Jun 2005; (c, ) 1548 UTC 28 Mar 2005
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