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ABSTRACT 

In previous studies published in the open literature, a strong relationship between the 
occurrence of hail and the microwave brightness temperatures primarily at 37 GHz was 
documented. These studies were performed with the Tropical Rainfall Measuring 
Mission (TRMM) Microwave Imager (TMI) and the Aqua Advanced Microwave Scanning 
Radiometer (AMSR-E) sensors. A limitation of this work was the geographical domain of 
the TMI sensor (35 S to 35 N) and the overpass time of the Aqua satellite (130 am/pm 
local time), both of which reduce an accurate mapping of hail events over the global 
domain. 
 
NOAA and EUMETSAT have been operating the Advanced Microwave Sounding Unit 
(AMSU-A and -B) and the Microwave Humidity Sounder (MHS) on several operational 
satellites since 1998: NOAA-15 through NOAA-19; MetOP-A and -B. With multiple 
satellites in operation since 2000, the AMSU/MHS sensors provide near global coverage 
every 4 hours, thus, offering a much larger time and space sampling than TRMM or 
AMSR-E. With similar observation frequencies near 30 GHz and additionally three at the 
183 GHz water vapor band, the potential to detect strong convection associated with 
severe storms on a more comprehensive time and space scale exists.  
 
In this study, we develop a prototype AMSU-based climatology of hail occurrence over 
the continental U.S.  The climatology is developed based on AMSU brightness 
temperatures correlated with severe storm reports generated by the Storm Prediction 
Center as well as a similar climatology derived from NEXRAD measurements. Such a 
product could serve as a prototype for use with a future geostationary based microwave 
sensor. 
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INTRODUCTION 
 
Previous work by Cecil (2009, 2011) and Cecil and Blankenship (2012) have 
demonstrated a strong relationship between the occurrence of hail and the microwave 
brightness temperatures, primarily at 37 GHz. These studies were performed with the 
Tropical Rainfall Measuring Mission (TRMM) Microwave Imager (TMI) and the Aqua 
Advanced Microwave Scanning Radiometer (AMSR-E) sensors. The hail climatologies 
derived from these sensors were consistent with those derived from surface 
observations.  Limitations include the 35 S to 35 N spatial domain of the TMI and the 
130 am/pm local observation time of the AMSR-E sensor. 
 
NOAA and EUMETSAT have been operating the Advanced Microwave Sounding Unit 
(AMSU-A and -B) and the Microwave Humidity Sounder (MHS) on several operational 
satellites since 1998: NOAA-15 through NOAA-19 and MetOp-A and most recently, 
MetOp-B. With multiple satellites in operation since 2000, the AMSU/MHS sensors 
provide near global coverage every 4 hours, thus, offering a much greater sampling of 
the diurnal cycle than TRMM or AMSR-E, as well as near global coverage. With similar 
observation frequencies near 30 GHz and additionally, one at 157 GHz and three at the 
183 GHz water vapor band, the potential to detect strong convection associated with 
severe storms on a more comprehensive time and space scale exists. For example, 
NOAA’s operational AMSU precipitation algorithm utilizes the 183 GHz bands to isolate 
deep convection (Ferraro et al. 2005; Vila et al. 2007). 
 
In this study, we develop a prototype AMSU-based climatology of hail occurrence over 
the continental U.S and compare it with the results found by Cecil et al. The climatology 
is developed based on AMSU brightness temperatures correlated with severe storm 
reports generated by the Storm Prediction Center as well as a similar climatology 
derived from NEXRAD measurements.  

 

1. VIVIAN, SOUTH DAKOTA CASE STUDY 
 
This study was motivated by an initial examination of the AMSU brightness temperatures 
(TB) that were associated with a hail storm on July 23, 2010 near Vivian, South Dakota 
that produced a record sized hail stone for the United States (over 8” in diameter, 1.9 lbs 
– see Figure 1). 

 
 
 
 
 
 
Figure 1 – Photographs of 
the record hail stone 
associated with the 23 July 
2010 hail storm near Vivian, 
South Dakota. 
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A NOAA-16 overpass at 2300 UTC on 23 July 2010, very close to the time of the record 
hail stone, is shown in Figures 2 – 4.  Figure 2 shows the AMSU-A TB’s at 23, 31 and 50 
GHz and the AMSU-B TB at 89 GHz.  Vivian, SD is located near the center of South 
Dakota is can be seen by the progressively colder TB’s with increasing AMSU 
frequency.  (Note that the AMSU-B spatial resolution is 3 times smaller than AMSU-A). 
As we go to even higher frequencies (Figure 3), the strength of the scattering due to the 
hail is quite evident as the TB’s get progressively colder.  Most impressively is the 
magnitude of the scattering at 183+1 GHz, the highest peaking channel (nominally 
centered at approximately 8 km height in the vertical).   
 

Figure 2 – NOAA-16 AMSU TB’s (deg K) for 2300 UTC 23 July 2010 for 23, 31, 50 and 89 
GHz. 
 

Figure 3 – As in Figure 2, but for 150 GHz, and the three 183 GHz bands. 
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A final way to examine the data is take a cross section through the core of the coldest 
TB’s (Figure 4).  The TB depressions at the AMSU-A frequencies and coarse spatial 
resolution are on the order of 50 K from the storm-free region to the south whereas 
those at the AMSU-B frequencies at or about 150 GHz can drop by as much as 150 K.  
It is these properties that are exploited to develop the AMSU hail detection algorithm. 
 

 
Figure 4 – Cross-Section at 100 Deg. west longitude for the NOAA-16 overpass shown in 
Figures 2 and 3. 
 

2. DATA AND METHODOLOGY 
 
For this study, AMSU/MHS data from all operating satellites during 2005 and 2006 for 
the months of March to September were co-located with hail occurrences from “Storm 
Reports” that are assembled at NOAA’s Storm Prediction Center.  The data were 
matched to within 30 minutes and 100 km, and restricted to AMSU local zenith angles of 
30 degrees or less.  Where multiple matches were found, the AMSU data with the 
coldest TB’s were retained.  Further, the data were stratified between hail less than 1 
inch and all those greater than 1 inch.  Approximately 1000 data points were found 
processing the data in this manner.  Data for each year were then evaluated. 
 

3. RESULTS 
 
Shown in Figure 5 are the data values for each of the AMSU/MHS data for the two sizes 
of hail; the minimum, maximum, median, average and standard deviation of each TB are 
shown.  From the graphs and data tables provided, it is quite evident that there is a large 
difference in the mean values at and above 89 GHz for the two classes of hail.  It should 
be noted that the range of the data at each TB and their corresponding standard 
deviations are comparable.  Also note that similar findings were seen for the 2006 data. 
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Figure 5 – Results of the co-located AMSU during March – September 2005 and hail reports 
for hail less than 1” in diameter (left) and 1” or greater (right). 
 
 
A simple threshold algorithm, using the mean TB values for the 150 GHz and three 183 
GHz bands, was developed and it was then applied to an independent data set in 2008 
(March through September).  Those results are shown in Figure 6.  The data shown are 
mapped to a 1 degree grid. If there were any occurrence of hail as detected by the 
AMSU algorithm within the grid box, it was counted as a “hail day”; the Storm Reports 
were also treated in the same manner.  Surprisingly, there is very good between the two, 
with a correlation for entire domain of 0.87. 
 
 

 
Figure 6 – Hail days for March – September 2008 using the AMSU algorithm (left) and as 
derived from the NOAA Storm Reports (right).   Both are gridded to 1 degree. 
 

4. SUMMARY 
 
In this preliminary study, it was demonstrated that AMSU/MHS measurements have the 
potential to detect and map hail events over the United States.  By utilizing the high 
frequency measurements, in particular, those at the 183 GHz water vapor bands, which 
can provide information on the depth of the convection, a simple threshold technique 
applied to independent data appears to detect hail events comparable to those 
assembled from surface reports.  Although the results are very preliminary, by taking 
advantage of these measurements along with their excellent diurnal sampling from 
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several operational NOAA and MetOp sensors, an opportunity exists to expand upon 
previous efforts by Cecil et al. which focused their work on microwave imagers.   
 
At the time of this writing, a much longer AMSU data record (2000-2011) is being 
processed in a much more objective manner and matched with the Storm Report data.  
Various matching criteria are being employed to understand the sensitivity of the results 
to different time/space thresholds.  Additionally, more sophisticated statistical analysis 
will be utilized (i.e., principal component analysis, probability distribution functions, etc.) 
to determine a more optimal way of discriminating the hail.  We would also need to 
investigate the potential of false alarms from this algorithm. The final goal would be to 
develop a global hail climatology.  The success of this algorithm could help further justify 
the need and development of a geostationary microwave sensor; utilization of high 
frequency channels would be important to this end because such measurements would 
be more feasible for a geostationary sensor than requiring lower frequency 
measurements which could impact antenna size requirements. 
 
 
The views, opinions, and findings contained in this report are those of the author(s) and should 
not be construed as an official National Oceanic and Atmospheric Administration or U.S. 
Government position, policy, or decision. 
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