Fury on the Oklahoma Plains
Oklahoma experiences a high number of thunderstorms each year, the majority of which occur in the warm months. The same can be said of most of the southern half of the country, although areas in the southeast and the high plains of Colorado and New Mexico are decidedly the most active areas within the United States. Given that Oklahoma has the highest incidence of significant tornadoes per square mile in the world, it follows that the state would experience a high number of severe thunderstorms as well (severe thunderstorms are defined in the United States as having either tornadoes, gusts at least 58 mph, or hail at least 3/4 inch in diameter).
The threats from thunderstorms are four-fold: winds (straight-line and tornadic), heavy rainfall (flash flooding), large hail, and lightning. 
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Thunderstorm Classifications
All thunderstorms are not created equal. The most important factor in determination of hazard risk is updraft strength. Weak thunderstorms, those generated from a weak updraft, are actually beneficial, as most of Oklahoma’s precipitation is provided by garden-variety airmass thunderstorms during the warm season. A disproportionate amount of damage by thunderstorms is done by the less frequent severe thunderstorm, which has a strong updraft. Accordingly, the most damaging thunderstorms, those with violent updrafts, do an even more disproportionate share of the damage, given their rarity. These storms, termed “supercells,” are always severe, whereas the other thunderstorm types can be considered either weak or severe. 
The thunderstorm species can be split into three different cellular structures: single-cell, multi-cell, and supercell. 
· Single-cell thunderstorms (also known as “pulse thunderstorms”) typically do not produce severe weather and usually last for 20-30 minutes. These storms seem quite random in the production of brief severe events such as downbursts, hail, some heavy rainfall, and occasional weak tornadoes.

· Multi-cell thunderstorms can be broken down into two distinct families: multi-cell cluster storms and multi-cell line storms. Usually multi-cell storms are more severe than single-cell storms, but not nearly so as supercell storms. Multi-cell storms produce the most significant flash flood danger to the public due to their pulse-like nature. 
· Multi-cell cluster thunderstorms are defined as a group of cells moving as a single unit, with each cell in a different stage of the thunderstorm life cycle. Multi-cell storms can produce moderate size hail, flash floods and weak tornadoes.
· Multi-cell line thunderstorms consist of a line of storms with a continuous, well developed gust front at the leading edge of the line. Also known as squall lines, these storms can produce small to moderate size hail, occasional flash floods and weak tornadoes. Quite different to multi-cell cluster storms due to structure, the main threat from multi-cell line storms is downburst winds.
· Supercell thunderstorms are defined by a rotating updraft. These storms can produce strong downbursts, large hail, occasional flash floods and weak to violent tornadoes. In fact, the major difference between supercell and multi-cell storms is the element of rotation in supercells. Even though it is the rarest of storm types, the supercell is the most dangerous because of the extreme weather generated.
For all intents and purposes, thunderstorms should be broken down into two categories, given the propensity for supercell storms to dominate damage potential: supercells and ordinary.
Thunderstorm Hazards

As mentioned previously, the primary hazards associated with supercell thunderstorms are downburst winds, large hail, occasional flash floods, and weak to violent tornadoes, the latter two of which will be discussed in other documents. Another hazard which is endemic to all thunderstorm types is lightning. 
Lightning
Lightning is a thunderstorm’s number two killer each year (flooding remains number one). Each year, approximately 100 people die from lightning strikes, with another 1000 surviving strikes, but suffering some degree of injury. There is more than $2 billion damage annually in the USA from lightning. The worst lightning incident in the USA was in New Jersey, on July 10, 1926. A Navy ammunition arsenal was hit, killing 19 people and destroying property valued at $17 million (1986 dollars). Usually, single events caused by lightning are less dramatic than single events [image: image2.jpg].:.:. vmsnu 5-year Flash Dunsny(l:l:g; Zgns)
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caused hurricanes, floods or tornadoes. Old data said successive flashes were on the order of 3-4 km apart. New data shows half the flashes are some 9 km apart. The National Severe Storms Laboratory report concludes with a recommendation that: "It appears the safety rules need to be modified to increase the distance from a previous flash which can be considered to be relatively safe, to at least 10 to 13 km (6 to 8 miles). In the past, 3 to 5 km (2-3 miles) was as used in lightning safety education."
According to statistics from the National Climatic Data Center (NCDC), 13 deaths and 73 injuries resulted from lightning strikes within Oklahoma since 1993. Included in that total is an incident where lightning struck the support pole of a tent on Fort Sill Army Base, injuring all 26 occupants. Nine of the marines were admitted to the hospital for the night, three into the Intensive Care Unit. Most injuries were cuts and bruises from the collapse of the tent; however, some of the men reported feeling "tingling sensations" through the next day.
Hail 
While flooding is the most deadly severe thunderstorm hazard, hail is the most costly. In recent years, the annual loss from hail has been $1,900,000,000 - nearly two billion dollars - just in this country. Oklahoma crop losses due to hail average approximately $2.5 million per year in loss claims alone -- not including property/casualty claims. Hail damage to automobiles, roofs, windows and farm crops is staggering. Large hail is also a threat to small mammals and it kills many birds. Hail rarely kills people, but these were hollow words in China in May, 1986 when 100 people were killed, 9,000 injured, and 35,000 homes destroyed by an intense hailstorm. Large hail is generally one inch in diameter or larger and can cause a great deal of damage. Large hailstones can fall at speeds faster than 100 mph. 
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Although not a significant threat to human life (there have been only a few hail-caused deaths in the United States since 1916), hail is massively damaging. This is exemplified by the "Mayfest" hail storm in 1995, the most expensive thunderstorm event in U.S. history (according to NCDC), where hail stones up to 4 inches in diameter contributed to over $2 billion in damage in Fort Worth, Texas, along with 109 hail related injuries. That damage potential exists in Oklahoma as well. The table below lists the 12 most damaging Oklahoma hail events since 1993, as reported by NCDC. Other significant events exist prior to the official listing by NCDC as well, such as on Nov. 13, 1985, as baseball-sized hailstones driven by 60 mph winds battered parts of Tulsa County. Damages exceeded $37 million. There have been a few significant October hailstorms. Probably the most devastating of those occurred on October 5, 1951, when crops were destroyed along a 5-mile wide, 70-mile long swath across Harmon, Greer, and Kiowa counties. Accompanied by very strong winds, the hail destroyed 18,000 acres of cotton and sorghum. Total losses included $175,000 in crops and $70,000 to buildings and automobiles (at 1951 prices). A hailstorm pummeled central Oklahoma on April 20, 2004, associated with a supercell that rumbled through Yukon and Oklahoma City. Damage estimates have ranged from $75-$100 million from the hail that reached the size of baseballs. The slow-moving storm buried parts of the city in ice until it resembled a winter landscape. Low-lying areas had shelves of ice 2 feet thick as thousands of hailstones stuck together and became compacted. Cars had difficulty navigating streets covered in the thick ice sheets.
	The 13 most destructive hail events in Oklahoma since 1993, ranked by damage amounts (data courtesy of NCDC and local media reports).

	City
	Date
	Damage (millions)

	Oklahoma City
	04/20/2004
	75.0-100.0

	Tulsa
	11/18/2003
	20.0

	Waurika
	03/29/1993
	5.0

	Ada
	04/02/1994
	5.0

	Bromide
	04/26/1994
	5.0

	Altus
	04/15/2000
	2.6

	Poteau
	01/21/1999
	2.6

	Bartlesville
	05/08/2000
	2.0

	Tulsa
	03/26/2000
	2.0

	Bartlesville
	05/20/2001
	1.0

	Hennessey
	04/21/1999
	1.0

	Miami
	05/04/2003
	1.0

	Tulsa
	05/05/2000
	1.0


Severe Winds
Tornadoes are not the only destructive winds associated with thunderstorms. Severe thunderstorm winds also cause widespread damage and occasional fatalities. Damaging wind from thunderstorms is much more common than damage from tornados. In fact, many confuse damage produced by "straight-line" winds and often erroneously attribute it to tornados. Wind speeds can reach up to 100 mph  with a damage path extending hundreds of miles. Thunderstorm "straight-line" winds originate from rain-cooled air that descends with accompanying precipitation. Damaging thunderstorm winds termed downbursts are strong downdrafts which include an outburst of potentially damaging winds on or near the ground. As the air impacts the ground it is forced to spread out laterally causing the gusty and sometimes damaging winds associated with thunderstorms. Downbursts can be classified as either macrobursts (greater than 2.5 miles in diameter) or microbursts (less than 2.5 miles in diameter). 
Squall lines and multicell storms occasionally develop the appearance of a "bow echo" on radar. This signature indicates an excellent chance that the strong mid-level currents have been directed to the ground in a downburst, forcing a portion of the squall line or multicell storm to accelerate forward. Macroburst and microburst winds are common with these storms, and 100+ MPH winds have been reported in extreme cases.
	The 10 highest winds speeds recorded by the Oklahoma Mesonet (1994-2004). 

	Location
	Wind Speed (MPH)
	Date

	Lahoma
	113
	08/17/1994

	Bowlegs
	102
	11/09/1998

	Grandfield
	94
	06/04/1995

	Stigler
	92
	05/20/2001

	Hobart
	91
	03/08/1994

	Mangum
	91
	05/31/1999

	Stigler
	91
	04/11/2001

	Cloudy
	90
	03/02/2000

	Hooker
	90
	05/15/2003

	Chandler
	88
	08/07/1994


Oklahoma’s proclivity for supercell thunderstorms guarantees a large number of encounters with damaging non-tornadic thunderstorm winds. According to NCDC statistics, the state has experienced severe winds which caused at least $50,000 in damage 350 times since 1993. Of those 350 events, 29 had damage estimates which exceeded $1 million. The most damaging non-tornadic thunderstorm, to the tune of $50 million, tore through central Oklahoma on July 25, 1995. The thunderstorm carried little or no hail, but winds were comparable to that of a small tornado or moderate hurricane, reaching nearly 100 mph. The strong winds lasted about half an hour, with the most intense winds occurring in a 10- to 15-minute period, and left some 75,000 residences and businesses without power for days. 
While severe thunderstorm winds may be more common than tornadic winds, the ability of the tornadic winds to do catastrophic damage dwarfs that of the non-tornadic severe winds. Since 1993, fewer than 180 tornadoes have caused over $2 billion in damages, while the 350 instances of severe winds mentioned above have only resulted in $212 million in damage. Four people died in those 350 severe thunderstorm wind events, while 53 died as a result of the tornadic events. 
The Oklahoma Mesonet has recorded 2832 instances of winds exceeding severe limits (58 mph) since its inception in 1994. Of those events, a majority were non-thunderstorm winds, associated with dryline and frontal passages mainly in western and northern Oklahoma. The strongest of those 2832 severe wind reports were associated with severe thunderstorms, however. The Mesonet recorded winds of 70 mph or above nearly 250 times. The strongest of those winds, 113 mph – which is the highest non-tornadic wind ever recorded in Oklahoma – occurred at Lahoma on August 17, 1994. The storm that contained those winds barreled south through north central Oklahoma, resulting in nearly $7 million in damage.
	The 13 most destructive thunderstorm-related wind events in Oklahoma since 1993, ranked by damage amounts (data courtesy of NCDC).

	City
	Date
	Damage (millions)

	Moore/OKC
	07/23/1995
	50.0

	Lawton
	05/27/2001
	11.0

	Ft. Sill
	05/27/2001
	10.0

	Kingston
	02/09/2001
	10.0

	Beaver
	09/12/1999
	8.0

	Lahoma
	08/17/1994
	7.0

	Indiahoma
	05/31/1999
	5.0

	Altus AFB
	06/03/1995
	5.0

	Catoosa
	04/24/1993
	5.0

	Healdton
	05/08/1993
	5.0

	Prague
	08/07/1994
	5.0

	Union City
	06/03/1995
	5.0

	Waurika
	03/29/1993
	5.0


Resources:

The National Weather Service:  (http://www.nws.noaa.gov)
The Storm Prediction Center:  (http://www.spc.noaa.gov)
National Climatic Data Center:  (http://www.ncdc.noaa.gov)
Archives of “The Daily Oklahoman”:  (http://www.newsok.com)
The University of Illinois:  “Severe Storms Online Meteorology Guide”:

(http://ww2010.atmos.uiuc.edu/)









