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Since the Bang and Cecil (2019) hail probabilities involve a combination
of estimates from the Minimum 19-GHz PCT and the Normalized 37-GHz
Depression, those two parameters are examined individually in the
panels below.

P (MINTOPCT) = 25% +5%
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For 25% hail probability based on Minimum 19 GHz PCT by itself, radar
profiles for all the regions do appear consistent with a plausible chance
of large hail. These radar profiles are stronger than the ones for 25%
hail probability from the combination of 19- and 37-GHz parameters (at
left), or from 37-GHz by itself (below).

The profiles from different regions closely agree with each other above
the -10° C temperature level, except for a bit more variability among the
high-latitude or high-terrain regions.

P, (Normalized 37 GHz PCT Depression) = 25% +5%
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For 25% hail probability based on Normalized 37-GHz Depression by
itself, radar profiles are a bit weaker and show more variability between
the regions. The tropical oceanic radar profiles are the weakest. While
these do depict very strong convection, they are less suggestive of large
hail than many of the other radar profiles.

The Tropical Land radar reflectivity profiles with 25% hail probability
based on Normalized 37-GHz Depression are also a bit weaker than the
profiles from Subtropical Land, High Latitudes, or High Terrain. Among
the Tropical Land regions, Central Africa produces the strongest radar
reflectivity profiles.

Our normalization of the 37-GHz Depression by tropopause depth does
remove some of the differences between tropical and higher-latitude
regions, but systematic differences do remain. Use of the 19-GHz
channel removes more of these region-dependent differences.
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Assessment of Hydrometeor Type based on GMI and Dual-Pol Radar Comparisons

Using the GPM Validation Network dual-polarized radar database (mostly in USA), we generated empirical
relationships between GMI brightness temperatures and hydrometeor types.

Each GMI pixel is assigned a probability that it has hail (along with any other particle types); graupel but no
hail; snow or other ice except no graupel or hail; or only liquid. Those probabilities are further scaled by the
GPROF Probability Of Precipitation.
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Left Maps: Frequency of Occurrence
Right Maps: Conditional Probability of...

(1)Hail (with any other hydrometeor types)
(2)Graupel (with other types) without hail
(3) Hail or Graupel (with any other types)

Hail is retrieved most often in the ITCZ, and over warm currents (Gulf Stream, Kuroshio). These are locations
where deep convection is common. 1-2% of GMI pixels there are estimated to contain hail. This is likely
fairly vigorous convection that produces large graupel / small hail aloft that melts before reaching the
surface. It is not what we think of as “hailstorms”, but a reminder that the convective cores can be aviation
hazards and may require microphysics schemes capable of representing large, dense ice.

The conditional probabilities (at right) turn attention more toward some of the places we think of for
hailstorms, or at least very strong thunderstorm: Argentina / Southern Brazil / Paraguay / Uruguay; the
Central USA; the Sahel in Africa... ~¥6-8% of the precipitating pixels there are estimated to have hail. In the
ITCZ, only 4-5% of precipitating pixels are estimated to have hail.

This is very much a work in progress. Artifacts from snow and ice cover have only been minimally filtered so
far. A next version will address filtering out surface-related artifacts better. Ratios between the conditional
probabilities are each hydrometeor category may vield interesting patterns.

Examples

Severe Thunderstorm Outbreak in Ohio Valley Hurricane Patricia Hurricane Irma

Red = Hail
Blue = Graupel
Green = Other Precip

So far, no surface snow / ice screen is applied. This leads to massive overestimation of hail and graupel at high latitudes, high
terrain, and in the cold season, and likely other artifacts related to surface emissivity differences. [It’s a work in progress!]

Training the retrievals with dual-pol radar gives a very different assessment of hail than training with ground-based reports of
large hail. The dual-pol identifications of hail include smaller hailstones aloft that melt before reaching the surface. As identified
by dual-pol radar, hail is produced much more often and by weaker storms than as identified by ground reports of large
diameter hail.

Percentage of GMI pixels assignhed as Conditional Probability of Hail or Graupel
Hail or Graupel, April 2014 — March 2018 (normalized by precipitation occurrence),
April 2014 — March 2018

% Hail, Apr 2014 — Mar 2018

Conditional % Groupel, Apr 2014 — Mar 2018
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