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l. Introduction

Previous work by Cecil (2009) and Cecil and Blankenship (2011) found a strong correlation between passive FIGURE 1 — Hail Storm FIGURE 2 - AMSU Weighing Function
microwave measurements at 37 and 85 GHz and hail events over land; these studies used measurements
from the TMI and AMSR-E sensors. They established climatologies of hail that appeared to agree well with 20 . | | | | T —— T ———
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The physical basis is that microwave energy is scattered by ice particles, thus greatly reducing the . ] 16 Nadir i
measurement brightness temperature (TB); “Mie” scattering occurs when the ice particles are of similar '’ Diameter Hail Shaft —— Clear Sk
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magnitude to the wavelength —~ 1 cm at 37 GHz; ~¥3 mm at 89 GHz; ~ 1 mm at 150 GHz (Figure 1). 1.75 ] 14 o Water Cloud
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In this study, we attempt to extend this work to the Advanced Microwave Sounding Unit (AMSU) and the e £ 12 CH 3 - 183+1 GHz
Microwave Humidity Sounder (MHS) on board the NOAA and EUMETSAT polar orbiting satellites. Why? oy = 1o A
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* AMSU/MHS operate on NOAA and EUMETSAT satellites and offer global, 4-hr sampling (since 2002) 0.256 - o 2 e e

(Ferraro et al. 2010), so a better measure of diurnal variability of hail events can potentially be captured
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e AMSU-B/MHS 150/157 and 183 GHz bands:
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 Offer greater sensitivity to ice AND vertical depth of ice (Figures 2 - 4)
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Potentially eliminate false signatures of underlying surface when using lower frequency techniques o 0 005 01 016 00 | 00 03 e 10 st o S S—
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1. AMSU TB’s extracted for CONUS for 2005 — 2010; mapped to a common 0.25 degree grid : NOAA-15 X-section, 100 W - 23 July 2010 @2301 UTC
A typical hail storm has a shaft that occupies a relatively small fraction of the overall convective
2. Hail data from “Storm Reports” — data “averaged” in time/space from start to end period/location cell. The AMSU-B/MHS sensors have an FOV size of approximately 20 km which means it sees a 20 - ey 1823
reported mixture of hail and non-hail at any instance (in fact, the hail region probably represents a small 270 */*E‘ 2| | _—TB31
fraction of the FOV). Also shown is that within the hail shaft, there is a ice particle distribution, > 250 X e TB50
3. Data matched — within 30 minutes and 100 km; only AMSU local zenith angle of +30 deg; duplicate with the largest ice likely having the least population of all of the ice in the rain layer. The Mie 5 230 \%\—- - oA
observations manually removed to ensure highest data integrity and coldest set of TB’s used when scattering will only affect the AMSU measurements if its of large enough volume (and its affect is 3 210 VAN
multiple AMSU data was matched for same storm event. Data further stratified by >1” hail and <1” hail highly non-linear). The AMSU/MHS channels have normal weighting functions that see mostly the @ 190 |\ ) TB89B
— results for 2005 (training) presented in Figure 5. Similar results seen in 2006 and 2007. Clea surface (89 GHz) and then probe progressively higher in the atmosphere (183 GHz) — if the large 170 \ s TB150
distinction between small and large ice cases. ice is puIIed high enough, the scattering will be seen at CH3 — 183+1 GHz. An excellent example 150 \ 7 R34
was found in the 2010 Vivian, SD hail storm which produced an 8” hailstone! Shown is the AMSU 130 | . |
4. Developed simple “thresholding algorithm” based on TB means at 150 and 183 GHz bands from 2005 overpass very close in time to this hailstorm, and large TB depressions are evident in the imagery 13 135 44 445 45 T TBISSHES
data, hail larger than 1” and then applied to all available 2008 AMSU data (Figure 3) as well in the cross section through the strongest part of the storm (Figure 4). It is these | —%—TB183+/-7
properties that we are trying to examine and utilize in this study. Latitude
* Results gridded to 2.5 degree; a single report within that grid constitutes a “hail day”
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* Relationships between both data agree extremely well (R=0.87) I vy .
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l1l. Summary and Future Work R i
1. Our preliminary results indicate that the AMSU/MHS measurements are capable of detecting hailstorms f;j = W g
of 1” sized hail or larger. The thresholds were consistent from year to year. e o e T amr T e i o e s
2. The 183 GHz channels are extremely valuable in detecting high altitude ice. TRt Rl el B I s I
3. Future efforts will look at more sophisticated methods for classifying the hail events, POD and FAR. — — , —
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4. MW measurements on a geostationary platform would be valuable for real-time monitoring of hail. . |
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