The Garden City Hailstorm
1 July 1999
by
Jonathan Finch
Meteorologist
National Weather Service, Dodge City, KS
I am seeking damage information, anecdotes or photos for inclusion in this case study: jonathan.finch@noaa.gov
1. Introduction
On July 1, 1999 at 215 am CDT (Central Daylight Time), a severe thunderstorm struck Garden City, KS. Hail up to 4 inches in diameter caused extensive damage to houses and vehicles with total damages exceeding $50 million. This event was unusual in that it occurred so late at night. 

2. Climatology
The highest frequency of storm events with giant hail across southwestern Kansas is from May through July.  So, the July 1, 1999 hailstorm was not unusual with respect to the time of year it occurred. You can see from the graph below that there is a sharp peak in mid-June.

However, as you can see in the next graph below, most giant hail events in southwestern Kansas (over 80%) occur between 4 pm and 10 pm CDT. For the period 1955 to 2010, only 16 events (8%) occurred during the AM hours from midnight through 1159 am CDT.  Only 10 events (5%) occurred in the 2 am to 1159 am CDT time frame. Therefore, the Garden City event on July 1, 1999 occurred during a time of day that giant hail events do not typically occur.



  
3. Storm Paths & Radar Imagery
Five thunderstorm cells dropped hail in Finney county from the afternoon of June 30th to the early morning of July 1st.  The radar loop from the Dodge City radar for the entire event can be viewed by holding down the control button and clicking on the following link:
http://bangladeshtornadoes.org/UScases/070199/ddcref18zto09z.gif
[bookmark: _GoBack]It may take up to 5 minutes for a new window to open with the loop. The loop starts at 1 pm CDT June 30th and goes through 4 am July 1st.  The time in the upper right corner is in Greenwich Mean Time (GMT). 0000 GMT corresponds to 7 pm CDT and 06 GMT corresponds to 1 am CDT.  Alternatively, for perhaps a faster response, you can just highlight the link and then copy and paste it into your favorite web browser.
The paths of the five storms that affected Finney county are shown in the Figure below. 

At the beginning of the radar loop, notice the two storms that develop over northwestern Kansas and then merge into one storm (storm AA) before affecting Finney county after 4 pm CDT. There were several reports of golf ball (1.75”) sized hail with this storm including one report 6  miles west of Holcomb at 2130 GMT (430 pm CDT).  This storm died soon after. 
After forming south of Limon, CO and in far western Kansas, the next two storms (storms A and B) to affect Finney county are visible in the radar loop between 0300 and 0520 GMT (10 pm CDT to 1220 am CDT). Cell A developed south of Limon, CO around 820 pm CDT and remained a shower until just before crossing into Kansas where it intensified. Meanwhile, cell B developed ahead of cell A in far western Kansas around 930 pm CDT and brought 1.5” hail to Garden City at 1115 pm. Cell A arrived on the northwestern outskirts of Garden City around 1210 am where nickel sized hail occurred. But this cell was in a weakened state by this time. 
Cell D developed south of Akron, CO around 1030 pm CDT and arrived in extreme western Finney county around 250 am CDT. Golf ball sized hail occurred near Lakin with this storm at 215 am CDT. 
Cell C developed in northern Kiowa county in Colorado around 1115 pm CDT.  This cell became severe in Colorado, but weakened upon entering Kansas. In fact, this storm only contained heavy rain and small hail until 210 am when it rapidly intensified and slowed in forward progress about 10 miles northwest of Garden City.  Very large to giant hail occurred with this storm in Garden City from 215 to 240 am. The storm started a weakening trend around 250 am as it continued to move to the southeast.  
4. A Radar Perspective of Storm C
A few big hailstones began falling in Garden City around 215 am CDT. Here is the lowest slice from the Dodge City radar at 217 am CDT.  From this image, it appears that the hail had not started at this time. However, Garden City Emergency Management reported baseball sized hail at 215 am.  Note the very strong reflectivity values (around 70 dbz) just a few miles north of Garden City. 








However, a higher radar slice (7.5 degrees) at 217 am CDT shows reflectivity values around 68 dbz at 38,000 feet above the ground over Garden City. Obviously, a few large hailstones were making it to the ground, but not in great enough numbers yet to result in large reflectivity values on the lowest slice of the radar.












The worst part of the hailstorm was on top of Garden City at 232 am CDT. Here is the lowest radar slice from the Dodge City radar at 232 am CDT. This was a supercell storm that had a sharp gradient in reflectivity on the south side, and an appendage on the southwestern edge. The reflectivity 3400 ft above ground level (AGL) over Garden City was 66 dbz at this time. This large storm was about 20 miles long and 4-8 miles wide.







The 4.3 degree slice from the Dodge City radar shows that the average diameter of the storm (area of 50 dbz or greater reflectivity) was 10 to 15 miles. The most intense echoes (above 70 dbz) were close to Garden City.  

Even at 51,000 feet above ground level (AGL), the reflectivity was 58 dbz as shown in this 12 degree slice from the Dodge City radar.

This storm was almost 12 miles tall!! The storm top was as high as 62,000 feet AGL at 233 am CDT based on this 3.5 degree radar slice from the Vance AFB radar near Enid, Oklahoma. Note the reflectivity values around 30 dbz on this image.




5. Meteorological Explanation
The jet stream (around 33,000 feet AGL or 250 mb) at 7 pm on June 30 th was unusually strong for the time of year. Western Kansas was in the exit region (just ahead) of this high level jet streak. In fact, the winds at 33,000 feet above the ground were about 100 mph from the west-northwest across far northwest Kansas into northeastern Colorado. Winds in the core of the jet over the Pacific Northwest were around 130 mph. Over Garden City the winds were approximately 75 mph. The climatological wind speed at this height is about 30 mph. So the wind speed at jet level over the Garden City area was about 2 to 3 times climatology. Also, the exit region of a jet is often a favorable place in summer for thunderstorm development.






In the middle levels of the troposphere (around 16,000 feet AGL or 500mb), there was a pronounced stream of unseasonably strong winds directed from the northwestern United States into Kansas. The wind speed was 60 knots (69 mph) above Goodland, 50 knots (58 mph) over Dodge City and 55 knots (63 mph) over Granada, CO. Note on the chart that 1 black flag denotes 50 knots while any adjacent bar or half bar represents 10 knots or 5 knots respectively. From this chart and the 250mb chart above, it is clear that the mid to high-level winds on this day were fairly strong by July standards. This explains why the storms moved relatively quickly (25-40 mph).  Thunderstorms usually move slower this time of year since the jet stream is typically fairly weak. In fact, individual storms can sometimes be nearly stationary. That said, when individual storms organize into a larger cluster, the speed of the cluster can sometimes accelerate and move faster than the mean mid to upper-level winds. This chart was created with “Digital Atmosphere” and then analyzed by hand.






A surface chart is shown below that is valid at 1 am CDT July 1st. This chart was created with “Digital Atmosphere” and then the front was manually added. The weather observation from Garden City is labeled as “GC”. The red squares denote locations with low clouds below 1000 feet AGL (above ground level). The surface wind at Garden City was from the southeast at about 15 mph, a favorable wind direction to bring rich moisture into western Kansas from the Gulf of Mexico. The temperature is located in the upper left part of the station observation and the dewpoint in the lower left. For example, the temperature at Garden City was 72F and the dewpoint temperature was 71F. The dewpoint rarely exceeds 70F at Garden City, so moisture levels were extremely high relative to climatology. Since the dewpoint was only slightly below the temperature, the air near the ground was close to saturation with a relative humidity of 97%. Temperature and dewpoint both contribute to instability. However, in this case, instability was influenced more by moisture than by daytime heating. Unlike temperature, moisture is not diurnally driven. In the absence of solar heating, unusually high low-level moisture values are typically needed for instability to remain high through the night. In this case, although the temperature was cooler in the early morning hours, the dewpoint stayed extremely high.  



In between the surface and the jet stream, the wind changed direction in a clockwise manner with southerly winds at 35 mph just above the surface, southwesterly winds at 40 mph about 7000 feet AGL and 60 mph winds about 15,000 feet AGL. So the winds changed direction with height (while increasing in speed) from the southeast to the south to the southwest to the west and west-northwest. Thus, the high instability and strong vertical wind shear helped foster an environment suitable to the maintenance of supercell thunderstorms containing giant hail.

6. Personal Experiences and other Damages
I have been unable to obtain many details of all the damages from the hailstorm. Only the damage total of $53 million was available from Storm Data. The other details and stories below were obtained from the July 2-3, 1999 issues of the Garden City Telegram.
According to the Garden City Telegram, “Captain Stan Wojdylak of the Garden City Police Department said he was awakened by breaking glass this morning when hail shattered a bedroom window and showered him with glass”. According to the officer and as quoted in the paper, “I picked one (a hailstone) up that hit the side of the bed after it crashed through the storm window, screen and regular window that was softball size.”
Michelle Thomas of 1008 North 6th Street had broken windows and damaged siding and roof. According to Mrs. Thomas as quoted in the Garden City Telegram, “All the windows started shattering and hail was flying through the house.”
Cheryl Sonnenberg of 1006 North 6th Street said she would be picking up several replacement windows today. She said it is important to help prevent further damage and animals from coming into her home. Sonnenberg, who has lived in the home about 15 years, said some of her windows were shattered in the hailstorm. A room on the north side of her home was hit the hardest.  According to Sonnenberg and as quoted in the Garden City Telegram, “The hail was coming in with such force, it was bouncing off the opposite wall from the windows”.  
Vicki Unger of 1004 North 6th Street had one window broken completely but several others were cracked. A window in her car was also broken out.  This is the first time in the 30 years in the home that a window had been damaged by hail. 
Katherine Hart of 911 North 6th Street said that she had never seen anything like the storm that broke several windows in her home. “I have lived here all my life and I have never heard a sound like that before.”
Leroy Thomas had windows knocked out on the north side of his First Street home.
Fifty windows were broken or damaged at St. Catherine’s hospital.  Many cars were damaged at Burris and Lewis Motors.
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