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The anatomy and physics of ZDR columns
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Polarimetric radar observations of deep convective storms frequently reveal columnar enhancements of
differential reflectivity (ZDR). Such "ZDR columns" can extend upwards more than 3 km above the
environmental 0 deg C level, indicative of supercooled liquid drops being lofted by the updraft. The Hebrew
University Cloud Model (HUCM), an advanced spectral bin microphysical model, is coupled with a
polarimetric radar operator to simulate the formation and life cycle of ZDR columns in a deep convective
continental storm. In doing so, we clarify the mechanisms by which ZDR columns are produced, including
the formation of large raindrops in the updraft by recirculation of smaller raindrops formed aloft back into
the updraft at low levels. The internal hydrometeor structure of ZDR columns is quantified, revealing the
transition from supercooled liquid drops to freezing drops to hail as one ascends in the ZDR column. We
describe the life cycle of ZDR columns from early formation, growth to maturity, and demise, showing how
hail falling out through the weakening or ascending updraft bubble dominates the reflectivity factor ZH,
causing the death of the ZDR column and leaving behind its "ghost" of supercooled drops. Additionally, the
practical applications of ZDR columns and their evolution are explored. The height of the ZDR column is
correlated with updraft strength, and the evolution of ZDR column height is correlated to increases in ZH
and hail mass content at the ground after a lag of 10-15 minutes. This and other prognostic information
available from ZDR columns is discussed.



