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Hail Damage and Threat

Annual insured losses due to severe
weather average at $66 Billion
(€58Billion) since 2008

* (in the US) Hail accounts for ~70%
of this loss

( ',.‘“ Sarah Bang

20 minutes after it fell, just off exit 62 off [-80
west
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SpC.noaa.gov

SPC Storm Reports for 06/12/16

Map updated at 20282 on 12/08/16
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Observing Hail

CY 1979 & 1980
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Top 0.01% Min 37 GHz PCT, <180 K, 1998-2007 Cecil, 2009
2x2 grid, Annual, 1-Hourly sampling assumed

Satellite-Based
Hail Climatologies
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NASA’s TRMM & GPM Missions Gl

’ .. i% 9BAL PREGIPTATION Minsut’ﬁ"‘a6
4 - %
[¢ kngroplcal Rainfall Measuring Mission  Global Precipitation Measurement
X ./ TRMM Precipitation Radar (PR) * Dual-frequency Precipitation Radar (DPR)

* Ku-band (13.8 GHz) * Ka-/Ku-band (35.5/13.6 GHz)
* TRMM Microwave Imager (TMI) * GPM Microwave Imager (GMI)
* 9-channels, 10-85 GHz * 13-channels 10-183 GHz

Hou et al., 2014

Summary provided by

9 April 2019 Stephanie Wingo, NASA MSFC
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NASA's TRMM & GPM Missions Gp»
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kkTroplcal Rainfall Measuring Mission  Global Precipitation Measurement

(_"~./» TRMM Precipitation Radar (PR) * Dual-frequency Precipitation Radar (DPR)

TRMM

* Ku-band (13.8 GHz) * Ka-/Ku-band (35.5/13.6 GHz)
* TRMM Microwave Imager (TMI) * GPM Microwave Imager (GMI)
* 9-channels, 10-85 GHz * 13-channels 10-183 GHz

Hou et al., 2014

, Summary provided by
pmm.nasa.gov Stephanie Wingo, NASA MSFC




NASA’'s TRMM & GPM Missions Gl
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¢ AkTroplcal Rainfall Measuring Mission  Global Precipitation Measurement
./ TRMM Precipitation Radar (PR) * Dual-frequency Precipitation Radar (DPR)

* Ku-band (13.8 GHz) * Ka-/Ku-band (35.5/13.6 GHz)
* TRMM Microwave Imager (TMI) * GPM Microwave Imager (GMI)
* 9-channels, 10-85 GHz * 13-channels 10-183 GHz

.| * Constellation Partners:

* JAXA, NOAA, DOD, EUMETSAT,
CNES, ISRO

e Cross-calibrate passive
microwave observations

* <4 hourly global resolution?
: Hou et al., 2014

S Summary provided by
pmm.nasa.gov Stephanie Wingo, NASA MSFC
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37GHz Minimum T, (PCT) and Hail

TB Minima and Hail Repaorts
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37GHz Minimum T, (PCT) and Hail

TB Minima and Hail Rep TPCTFs in Bin with Hail
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37GHz Minimum T, and Hail

TPCTFs in Bin with Hall
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37GHz Minimum T, and Hail

TPCTFs in Bin with Hail
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37GHz Minimum T, and Hail

TPCTFs in Bin with Hail
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37GHz Minimum T, and Hail

TPCTFs in Bin with Hail
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37GHz Minimum T, and Hail

TPCTFs in Bin with Hail
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Probability of Hail with Minimum 37 GHz PCT

TPCTFs in Bin with Hai

A Fractio n of Hail PFs
Relative Frequéh.gy Distribution
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19GHz Minimum T, and Hail
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Probability of Hail with 10 - 19 GHz Difference
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Two Dimensions of Hail Probability [HESEE
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GPM Hail Climatology, Minimum 37 GHz PCT
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Global Percentage of Normalized PF Number (M@37PCTR< 230 K)
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GPM Hail Climatology, Minimum 37 GHz PCT

>20% P(hail), # GMI Pixels > 1
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GPM Hail Climatology, Minimum 37 GHz PCT
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Snow/Ice Filter

Greenland
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GPM Hail Climatology, Minimum 37 GHz PCT
+ Snow/Ice Filter
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GPM Hail Climatology, Minimum 37 GHz PCT
+ Snow/Ice Filter

H < 10K, # GMI Pixels
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AMSRE Estimated Severe Hail, All Months (No Regional Correction)
-120

—_—

27 S —
£ S

20 %0 B i
storms perl.  CeCil and Blankenship, 2012

4
9 April 2019 EGU General Assembly ® Vienna, Austria N

NASA %

POSTDOCTORAL PROGRAM




AMSRE Estimated Severe Hail, All Months (No Regional Correction)
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AMSRE Estimated Severe Hail, All Months
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Normalizing by Tropopause Height

LRT calculation

/ . IS performed by Nana

Liu at Texas A&M
Corpus Christi,

see Liu and Liu, 2018
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Normalizing by Tropopause Height

LRT calculation
performed by Nana
Liu at Texas A&M
Corpus Christi,
see Liu and Liu, 2018

MAX37PCT — MIN3TPCT

9 April 2019 Normalized 37 GHz PCT Depression = _, —_—
(1+LRT —LRTysa)



Fraction in Bin With Hall

Normalizing by Tropopause Height

/A Fraction of Hail PFs
Relative Frequency Distribution
m | ogistic Curve Fit
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TPCTFs in Bin with Hall
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‘ Normalized 37 GHz PCT Depression =

MAX37PCT — MIN3TPCT

(14+LRT —LRTysa)

Full Regressicn on All Available Bins
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GPM Hail Climatology, Normalized 37 GHz PCT Depression
+ Snow/Ice Filter
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19.35
GH:z

Greenland

[10max_1omin] - [89max_89min]

We fit logistic curves
to the probability of
hail for given
TRMM/GPM
microwave quantities,
instead of assuming a
threshold brightness
temperature

We create a new
microwave variable,
leveraging the
minimum 19 GHz PCT
(relative to a
background state
captured by the
10 GHZ PCT)

We propose a new
microwave-based filter to
remove features we suspect
are over snowy and icy
regimes, by leveraging the
19 GHz V-H difference and
the difference between the
10-89 GHz PCT depressions.

We estimate hail
probability using not only
10-19 GHz PCT difference,
but also we normalize the
37 GHz PCT Depression by

the height of the

troposphere.
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Thank You!
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Contact us at:
Sarah.D.Bang@nasa.gov

Daniel.J.Cecil@nasa.gov
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