ICY HAZARDS IN OKLAHOMA
Oklahoma’s experience with severe winter weather is generally confined to disruption of travel and damage to infrastructure due to excessive snow or ice. Luckily, those instances are uncommon, but the infrequency with which the state deals with severe winter weather tends to magnify the effects when that weather actually does occur. Slight amounts of snow or ice often snarl traffic due to inexperienced drivers. Most of the fatalities associated with winter precipitation in Oklahoma are due to traffic accidents. Ice storms do the most damage, however, as they topple power lines and vegetation. Since 1993, the National Climatic Data Center (NCDC) lists 148 snow and ice events within Oklahoma, which caused nearly $400 million in damage.
SNOW
The gradient of average annual snowfall is nearly opposite that of precipitation, in that it increases from less than two inches in the extreme southeast to nearly 30 inches in the western panhandle. The frequency of snow events also increases sharply along the same gradient. Locations in southeast Oklahoma have gone several years between events, while northwestern Oklahoma typically records several snow events in one winter. Blowing snow and blizzard conditions can pose significant problems for automobile travelers, but the effects of most snowstorms in the state are short-lived. Snowfall remaining on the ground more than a few days is an uncommon occurrence in northwestern Oklahoma, quite rare in central Oklahoma, and almost unheard of in the southeast. The greatest seasonal snowfall ever recorded in the state was 87.3 inches at Beaver during the winter of 1911-12. Buffalo observed the greatest monthly total of 36.0 inches in February 1971, including a daily snowfall record of 23 inches on the 21st day of that month. 
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SNOW FORMATION
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Snowflakes are simply aggregates of ice crystals that collect to each other as they fall toward the surface. The diagram below shows a typical vertical temperature profile for snow.  Since the snowflakes do not pass through a layer of air warm enough to cause them to melt, they remain intact and reach the ground as snow. It is important that the temperature of the air does not rise above the freezing point between the mid-levels and the surface. This ensures that the ice crystals will stay intact in the form of snow, instead of melting and freezing once again to fall as sleet or ice pellets.
The intensity of the snow that does form is signified by visibility:
(a)  "light" snow is when visibility is 5/8 statute mile or more 

(b) "moderate" snow is when visibility is less than 5/8 but more than 5/16 statute mile 

(c) "heavy" snow is when visibility is less than 5/16 statute mile

FREEZING RAIN
Freezing rain is a distinct wintertime hazard in Oklahoma. Ice storms are extended freezing rain events, lasting several hours to days at some locations, with heavy ice accumulations. The US National Weather Service considers an ice storm with greater than 0.25 inches (0.63 cm) of ice accumulation a significant episode that would trigger an ice storm warning. The resulting ice cover can down power lines and limbs, causing millions of dollars in damages and widespread power outages. These events make automobile travel very treacherous, especially on secondary roads, where the hazard can last several days. Significant icing events occur with nearly the same frequency as heavy snow events, especially in the southeastern half or so of the state. While ice accumulation is usually less than an inch, storms that deposit several inches can occur once or more per decade. The consecutive winters of 2000-01 and 2001-02 each featured a major ice storm that deposited more than three inches of ice in 24 hours across much of southeast and central Oklahoma. For the electric utility industry, an ice storm strikes in two waves: first from the initial ice accumulation and wind stress; then later from stresses caused by the rapid recoil of power lines when accumulated ice melts and falls.
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The average annual number of days with freezing rain, based on 1948–2000 data (Changnon and Karl, 2003).
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The pattern based on the maximum number of freezing-rain days recorded in any year between 1948 and 2000 (Changnon and Karl, 2003)
FREEZING RAIN FORMATION
Freezing rain is most commonly found in a narrow band on the cold side of a warm front, where surface temperatures are at or just below freezing, as shown in the cross-section below (courtesy of http://www.islandnet.com/~see/weather/elements/icestorm.htm).
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The diagram below shows a typical vertical temperature profile for freezing rain. Freezing rain develops as falling snow encounters a layer of warm air deep enough for the snow to completely melt and become rain. As the rain continues to fall, it passes through a thin layer of cold air just above the surface and cools to a temperature below freezing. However, the drops themselves do not freeze, a phenomena called supercooling (or forming "supercooled drops"). When the supercooled drops strike the frozen ground (power lines, or tree branches), they instantly freeze, forming a thin film of ice, hence freezing rain. 
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Whether freezing rain forms from the cold rain or not depends critically on the characteristics of the surface cold air layer. If the layer is too thick or too cold, it will refreeze the rain into ice pellets (sleet). If the cold layer is too warm or too shallow, the rain will continue to the ground as normal rain and will not freeze unless the temperature of the ground or some other surface it contacts is well below freezing. Often small temporal or spatial differences in air temperature and in droplet size result in freezing rain mixed with sleet, snow or non-freezing rain.
HISTORICAL OKLAHOMA WINTER STORMS
	The top 10 Oklahoma snowstorms since 1951 (Table courtesy of the NWS).

	Date
	Highest Amount/Heavy Snowfall Event

	Feb. 21-22, 1971
	Highest Snowfall Total: 36 inches in Buffalo. 

	Nov. 25, 1992
	22 inches in Laverne. Heavy snow was confined to a small portion of extreme northwestern Oklahoma.

	Mar 16, 1970
	20 inches in Bartlesville. Amounts of a foot or more were reported along the Kansas border

	Mar. 13, 1999
	19 inches in Medford. 

	Mar. 4-5, 1989
	18 inches in Kansas, Oklahoma. Near-blizzard conditions occurred from south central through southeast Oklahoma.

	Jan. 18-19, 1990
	18 inches in Goodwell. Between 12 and 18 inches fell in the western two-thirds of the Oklahoma Panhandle.

	Mar. 30-31, 1973
	17 inches in Kenton. A foot or more in Cimarron County in the western Panhandle of Oklahoma.

	Jan. 5-7, 1998
	17 inches in Hennessey. Snow was reported over virtually the entire state.

	Apr. 1-2, 1998
	17 inches in Goodwell. Heavy snow was confined to the Oklahoma Panhandle.

	Dec. 13-15, 1987
	16 inches in Helena.
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December 12, 2002:  The third significant ice storm in as many years, this icy blast left a damage footprint in a narrow band from west central to north central Oklahoma. Areas north of the icing region generally received 2-6 inches of snow, with some areas reporting more than eight inches. Moderate to heavy rainfall occurred to the south. The main impact of the ice storm was damage to electrical distribution systems. Because much of the area impacted by the storm is rural, the primary victims of the storms were members of rural electric cooperatives (RECs). About 30,000 REC customers were without power for some time during the storm. According to the Oklahoma Association of Electric Cooperatives, REC losses were about $4.5 million. Other power suppliers were impacted also. At the storm’s peak, about 25,000 Oklahoma Gas & Electric (OG&E) customers lost power.
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January 28-30, 2002:  This powerful winter storm wreaked havoc on the northwestern half of the state, and none suffered more than the state’s power suppliers.  The storm left over $100 million of damage in its wake, leaving some 255,000 residences and businesses without power.  A week after the icy system exited the state, 39,000 Oklahoma residents were still in the dark as utility companies worked around the clock to replace snapped poles and downed power lines.  Enid, a city of 47,000, was entirely without electricity for days.  Power companies estimated that power could be lost for up to two months in some rural areas of northwestern Oklahoma. Southwestern Oklahoma State University in Weatherford closed its doors for only the 4th time in its 100-year history.  The Oklahoma Association of Electric Cooperatives reported over 31,000 electrical poles destroyed due to the ice.  With about 20 poles per mile on an average electrical supply line, that results in over 1,550 miles of destroyed power supply capabilities, enough to stretch from Oklahoma City to New York City.  Electric power was not fully restored to all Oklahoma City residents until February 10th, 11 days after the brunt of the ice storm exited the region.  Three weeks after the event, 2,320 customers remained without power. The most serious casualty in the wake of the ice storm, however, was the toll in human lives.  Seven fatalities were directly attributable to the effects of the late-January storm.  Four died in traffic accidents on the icy roadways, while two others died of asphyxiation while trying to get warm in enclosed spaces.  Another resident died when a large tree branch crushed him as he tried to clear his residence of debris.
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December 25-27, 2000: Major snow and ice storms struck statewide, especially powerful in southeast quarter. Power was lost to at least 120,000 homes and businesses, including 90% of the residents of McIntosh, Latimer, and Pittsburg counties. Extended power outages also led to disruptions of local water supplies in several areas. At least 27 fatalities were attributable to the extreme weather conditions, which extended well into January 2001. Total property damage in the state was approximately $170 million.

· October 25, 1997:  A very strong winter weather storm and blizzard moved across the central plains states through the day Saturday. A 74 year old female from Adams Oklahoma was returning home when her car became stuck in a snowdrift less than a mile from her home. She apparently died from hypothermia after trying to walk through the blizzard from her stranded car to her nearby home. She was found about noon the next day under about eighteen inches of snow in a milo field southeast of Hooker. Reports from the Oklahoma Mesonet sites in both Cimarron and Texas counties indicated wind gusts of 58 to 66 mph. Total snowfall accumulations across the Oklahoma Panhandle were from four to 12 inches across Cimarron and Texas counties and 2-6 inches across Beaver County. There was also an indirect death which occurred two weeks after the winter storm and blizzard. A man died from injuries sustained in a multi-car accident. The accident occurred on a closed road and those involved in the accident had gone around a barricade. Most roads in the Oklahoma Panhandle were closed during the winter storm and blizzard. There were numerous multi-car pile ups with many churches and gyms full of stranded motorists. About 12,000 to 15,000 head of cattle were lost in this storm mainly in Texas County, but also Cimarron and Beaver counties. The high winds produced snow drifts of three to five feet.
· January 1, 1993:  An upper-level storm system brought sleet and freezing rain to much of Oklahoma. Surface air temperatures were well below freezing so roads quickly became ice covered and dangerous. Roads remained ice covered until temperatures rose above freezing late in the morning on the 2nd. Numerous traffic accidents occurred and a few power outages were reported. In Oklahoma City, a 35-car pileup occurred around 2 a.m. on the 1st. A man was killed just west of Guymon when he lost control of his pickup and it collided with another vehicle. Near Durant, a woman lost her life when her vehicle slid off the road and hit a tree. Another woman lost her life in Oklahoma City when the car she was riding it hit a semi-trailer. The car was then hit by another vehicle and burst into flames. In Pontotoc County, a man died after his car slid off the road and hit a tree. The storm also caused problems for those flying as two 737s slid off icy runways at Will Rogers Airport. Many other flights were either delayed or canceled.

· December 1987: A large snow and ice storm caused more than $10 million in damages across the northwestern two-thirds of the state. About 114,000 customers were left without power and tree damage was severe. All flights to and from Will Rogers World Airport in Oklahoma City were cancelled, and several large broadcast antennas collapsed.

· December 1937:  A significant ice storm struck southeastern and eastern Oklahoma, a mere 30 years after statehood in December of 1937.  Considerable damage was done to trees, shrubs, and electric, telephone, and telegraph wires.  Damages were totaled at a then-substantial $250,000.  One elderly Muskogee resident claimed of the storm:  "Seems like that one lasted a month."
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