
 

Exaggerated radar data above the freezing
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Clouds over hills near the Zhuhai campus of Sun Yat-sen University where the
research team is based. Credit: Haosheng Zuo

Meteorologists frequently study precipitation events using radar imagery
generated at both ground level and from satellite data. Radar sends out
electromagnetic waves that bounce off ice or water droplets suspended
in the air. These waves quickly return to the radar site in a process called
backscattering. Scientists have observed that backscattering reaches its
peak during the melting process as water falls through the atmosphere.
High backscattering typically results in warm color returns on a radar
displays, indicating heavy precipitation.
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However, recent case studies noted that partially frozen droplets seem
larger to radar than their solid and liquid counterparts of the same size,
resulting in radar overestimating the precipitation rate. These studies also
suggest that radar exaggeration may occur at a second level of the
atmosphere, above the freezing level, especially on the windward slopes
of mountain ranges. This phenomenon is known as 'reflectivity maxima
above freezing,' or RMAF.

"Quantitative studies are limited due to the lack of adequate
identification criteria," says Dr. Aoqi Zhang, the first author of the study
just published in Advances in Atmospheric Sciences. "We must establish a
new method for identifying RMAF structure within radar echoes."

Dr. Zhang and Dr. Chen from Sun Yat-sen University developed and
applied their new method to analyze five specific criteria to all vertical
precipitation profiles in the TRMM satellite radar dataset for 1998-2013.
Their results found 2,736,225 RMAF events and 854,622,978 non-
RMAF events, respectively.

"The RMAF structure in reflectivity profiles can be effectively
identified by our method," says Dr. Zhang. "We also proved that RMAF
is positively correlated with elevation, which is thought to be caused by
enhanced updrafts in the middle layers of stratiform precipitation, or in
the low to middle layers of convective precipitation over mountains."

This study showed why RMAF events occur specifically on windward
slopes above the freezing level. Increasing mountain elevation enhances
precipitation-creating updrafts as wind follows terrain upward in what is
called orographic lift. This study also revealed that the precipitation
properties of RMAF events and non-RMAF events are significantly
different.

"The RMAF structure increases the echo top height and enhances
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precipitation processes above the RMAF height, but it suppresses the
downward propagation of ice particles and the near-surface rain rate,"
says Dr. Chen. "Future studies of orographic precipitation should take
into account the impact of the RMAF structure and its relevant dynamic
triggers."

  More information: Aoqi Zhang et al, Satellite Observations of
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