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Hail 

           US hail loss claims (HLCs) and hail loss questionable claims (HLQCs)  

 

2006                  256 000                                             301 

 

2009                  413 000                                             711   

  

                   (61 % increase)                       (136 % increase, very suspicious) 

 

 

Severe weather (NWS): wind gusts  > 25 ms-1  

                                              or  hail > 0.75 in (1.9 cm) 

                                                          or tornado  

 

 

             
Max dBz Ó 55 at heights above the freezing level:  

                  the higher those heights the greater the hail probability  



 



Why does severe convection take place  

over the Plains? 

Å The continental geography favors it since the mountain barriers run 

NS and therefore extra-tropical masses can easily move across the 

Plains (driven by the upper level jet); 

 

Å Tropical Masses from the Gulf of Mexico (low level moisture) and 

from the Eastern Pacific Ocean (moisture aloft) penetrate the 

continent creating a peculiar synergy; 

 

Å Subsequently, storms with strong updrafts are common over the 

Plains; 

 

Å Additionally, some experts argue that soil conditions certainly impact 

the cloud colloidal stability:  

            more mineral dust ingested => more colloidal stability  

 

 

 

 

 



The Earthôs various topographical regions: 

Plains (greenish colors), plateaus (yellow),  

and mountains (reddish colors) 
http://www.physicalgeography.net/fundamentals/10o.html 

 

http://en.wikipedia.org/wiki/File:Pedocalpedalfer_bdy.png 

 

        1935 Marbutôs line:  

~ 24-in precipitation boundary 

http://www.physicalgeography.net/fundamentals/10o.html
http://en.wikipedia.org/wiki/File:Pedocalpedalfer_bdy.png


Hail annual cycle for New Summerfield, Texas.  The average shows a maximum 
about Julian Day 122 (May 3).  Notice the regularity of a maximum from Julian Day 
113, (April 23) to Julian Day 130 (May 10), i.e. between the last week of April and the 
first week of May.  There is also a secondary maximum about Julian Day 290 
(October 17).  The period 1985- 1989 showed the secondary maximum later in time, 
about Julian Day 327 (November 23). 

 
 

By mid June, the hail probability is reduced by a half. 

 

http://www.nssl.noaa.gov/hazard/hazardmap.html 

 

http://www.nssl.noaa.gov/hazard/hazardmap.html
http://www.nssl.noaa.gov/hazard/hazardmap.html
http://www.nssl.noaa.gov/hazard/hazardmap.html


Hail annual cycle for Fort Stockton, Texas.  The average shows a maximum about 
Julian Day 145 (May 25).  Notice the regularity of a maximum from Julian Day 130, 
(May 10) to Julian Day 155 (June 4), i.e. between the last three weeks of May and 
the first week of June.  There is also a secondary maximum about Julian Day 300 
(October 27), marked mainly by the period 1995 ï 1999. 

 

By the end of June, the hail probability is reduced by a half. 

http://www.nssl.noaa.gov/hazard/hazardmap.html 

  

http://www.nssl.noaa.gov/hazard/hazardmap.html
http://www.nssl.noaa.gov/hazard/hazardmap.html


Hail annual cycle for San Angelo, Texas                                         Hail annual cycle for Lubbock, Texas 

Hail annual cycle for Amarillo, Texas 



              Hail annual cycle for Houston, Texas 

http://www.nssl.noaa.gov/hazard/hazardmap.html 

http://www.nssl.noaa.gov/hazard/hazardmap.html


Hail annual cycle for OK City 

Hail annual cycle for Bismarck, ND 



  Hail reports D Ó 0.75 in (2 cm), square grid 80 km 

Hail reports D Ó 2 in (5 cm)  

Doswell and Bosart, 2000: Severe Convective Storms, 

 

       Chapter 2, AMS Meteorological Monographs,  

                         Volume 28, Number 50, pp. 27-69  



Hail (brief microphysics) 
Extreme riming produces hailstones.  These particles are commonly 1 cm in diameter but have 

been observed to be as large as 10-15 cm.  When the temperature remains below zero during the process 

of growth, the hailstone remains dry, whereas if the temperature rises to zero, the melting process produces 

a wet growth of spongy hail.   Moreover, the time required for an ice crystal to reach its riming threshold is 

minimized if it can grow below ï 15 °C. 

 

 If ice particles collect other ice particles, the process is called aggregation.  

This process depends strongly on temperature.  The probability of adhesion of colliding ice particles becomes much greater 

when the temperature increases to above ï 5°C, at which the surfaces of ice crystals become sticky.  Below ï 20 °C 

aggregation does not appear to exist.  A secondary maximum occurs between ï 10 and ï 16 °C, where dendritic crystals 

become entangled.   See graphic below: 

 

 

Window for Weather Modification (screening of supercooled water): 

Between 0 and -5 ÁC: sticking mechanism (Workman-Reynolds, Finnegan) 

Between -10 and -16 ÁC: interlocking mechanism 

From Houze, 1993: Cloud Dynamics 



Is Global Warming increasing severe hail events? 

         Xie and Wang, 2010: Observed Characteristics of Hail Size in Four Regions in China during 1980-2005 

                                            Journal of Climate, AMS, volume 23, 4973-4982 

 

             Hail size may not be sensitive to climate change. 

 

             Severe hail in Southwestern China takes place mainly between February and June, whereas in Northern China it is a  

             summer problem. 

 

             Reported mean maximum hail diameter: 10 mm 

 

             Guizhou in Southwestern China has the largest occurrence of severe hail with mean maximum hail diameter 15 mm 

Guizhou has a subtropical humid climate 

winter circulation: westerlies            summer circulation: easterlies 



From Stanley Changnon, Trends in Hail in the US, Illinois State Water Survey, 1997 

                                                http://sciencepolicy.colorado.edu/socasp/weather1/figures/changnon8.gif 

 

 

http://sciencepolicy.colorado.edu/socasp/weather1/figures/changnon8.gif


From Stanley Changnon, Trends in Hail in the US, Illinois State Water Survey  

                                           (in Workshop on Social and Economic Impacts of Weather, Boulder, April 1997) 

                                                  http://sciencepolicy.colorado.edu/socasp/weather1/figures/changnon10.gif 

           Conclusion: No increase since 1950: leveled distribution interspersed with occasional peaks 

 

 

 

http://sciencepolicy.colorado.edu/socasp/weather1/figures/changnon10.gif


Texas Weather Modification Projects 



Top height of maximum reflectivity (SWTREA) 

SWTREA n T (km) C (km) initial Diff R R* delta (%) delta*(%) timing (%) dose (in/l) maritime 

2004 44 4.314 4.182 0.034 1.032 1.023 3.2 2.3 77 70 

2005 48 4.198 4.299 -0.104 0.977 1.001 -2.3 0.1 88 105 

2006 69 4.135 4.23 -0.225 0.978 1.032 -2.2 3.2 86 90 

2007 11 3.962 4.192 -0.636 0.945 1.114 -5.5 11.4 97 200 -3.9 

2008 18 4.51 4.483 -0.389 1.006 1.102 0.6 10.2 94 70 -3.3 

2009 37 3.586 3.506 0.027 1.023 1.015 2.3 1.5 91 45 -4.5 

2010 34 3.633 3.456 0.353 1.051 0.954 5.1 -4.6 88 50 -4.2 

261 4.052 4.047 -0.0767 1.001 1.021 0.1 2.1 87 81 -3.975 



Top height of maximum reflectivity (STWMA) 

STWMA n T (km) C (km) initial Diff R R* delta (%) delta*(%) timing (%) dose (in/l) maritime 

2004 66 3.995 4.095 0.22 0.976 0.926 -2.4 -7.4 88 110 

2005 87 4.187 4.13 0.218 1.014 0.963 1.4 -3.7 84 125 

2006 93 3.983 4.023 -0.086 0.990 1.012 -1.0 1.2 87 110 

2007 19 3.96 4.187 -0.053 0.946 0.958 -5.4 -4.2 67 135 -5.3 

2008 52 4.236 4.157 0.274 1.019 0.956 1.9 -4.4 89 94 -4.5 

2009 68 3.578 3.531 -0.176 1.013 1.066 1.3 6.6 83 60 -4.8 

2010 67 3.406 3.375 -0.015 1.009 1.014 0.9 1.4 84 55 -4.6 

452 3.906 3.906 0.057 1.000 0.985 0.0 -1.5 85 96 -4.800 



Case Study: Storm 65, April 23rd 2010  
(Zavala County, SWTREA project) 

Å Synoptic analysis: A strong upper level low was located over the central 

Plains and a trough was located across most of west and south Texas.  At 

00Z (the 24th), a strong jetstreak was moving through the area which was 

around 130 kts at DRT.  These good dynamics coupled with good moisture 

over the area and a weak boundary located from Del Rio into northeast 

Texas. 

Å Convection initiated very quickly over the target area during the evening 

hours.  Convection started to form in Uvalde County initially and later on 

extended to Maverick and Zavala counties.   

 



PPI at 03:12 

MCS moving eastward  



65/283: time-ht profile taken  at 03:12 

 

Seeding began at 03:25 



PPI at 03:40 



PPI at 03:44 



PPI at 03:48 



PPI at 04:04 



PPI at 04:20 


