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RISK ASSESSMENT

This section includes changes made during the 2013 update.

HAZARD DESCRIPTIONS AND SCORES–LESSER HAZARDS

The hazards included in the Lesser Hazards category were identified as hazards of secondary concern for North Carolina. They are clustered into four groups, which are described in the sections below. A list of the hazards within each group is summarized in Table 3-1. Since the last update, Infectious Diseases were eliminated from this section of the plan and the information pertaining to that hazard was moved to Appendix D: Technological Hazards. The scoring system was applied to each of the hazards within the four groups and then aggregated into a total hazard score for each group.  The aggregated hazard results for the lesser hazard are discussed later in this section. 
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Table 3-1. The Lesser Hazards of North Carolina
	LESSER HAZARDS CATEGORY—LISTING OF IDENTIFIED HAZARDS BY GROUP

	Dam Failure
	Geological
	Tornado/Thunderstorm

	Dam Failure
	Debris Flow/ Landslide
	Severe Thunderstorm

	
	Subsidence
	Severe Thunderstorm–Hailstorm

	Drought
	Acidic Soil
	Severe Thunderstorm–Torrential Rain

	Drought
	Geochemical-related
	Severe Thunderstorm–Thunderstorm Wind

	Drought–Agricultural
	Mine Collapse
	Severe Thunderstorm–Lightning

	
	Sinkholes
	Tornado

	Drought–Hydrologic
	Expansive Soil
	Tornado–Waterspout

	
	
	High Wind

	Heat Wave
	
	Fog
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At the annual SHMAG meetings held between 2010 and 2013, the SHMAG and the staff of the NCEM HM Branch discussed the suitability and reliability of the various hazard score maps located throughout Appendix A3 of the 322 Plan. The methodology devised by Kathryn Eschelbach and used since the first edition of the NC 322 Plan was deemed satisfactory. This methodology assigns hazard scores to the 100 counties for 42 individual hazards and also assigns aggregate county scores. At the scale of these maps, specific risk is not assessed; rather, the maps serve as a general policy making guide, and as a tool for examining overall risk. Scores are based on analysis of scope, average frequency, likely intensity and destructive potential for specific events. As the political boundaries of NC have not changed in the past 3 years, no change in scope has been recognized.  In a 3-year review cycle, one would not expect to recognize any appreciable increase in average frequency or likely intensity for natural hazards as a 3-year view limits one’s ken to specific weather events instead of overall climate conditions. Therefore, it may be assumed that the destructive potential for specific events did not increase to any significant degree. As such, the maps initially prepared in 2004 will be considered valid for the 2013 plan update.

Dam Failure Hazard

Dam Failure

Definition

Dams store water in reservoirs during times of excess flow, so that water can be released from the reservoir during other times, when natural flows are inadequate to meet the needs of water users.
 Dams can pose risks to communities if not designed, operated, and maintained properly. In the event of a dam failure, the energy of the water stored behind even a small dam is capable of causing the loss of life and considerable property damage if there are people located downstream from the dam.
 Many dam failures have resulted because of an inability to safely pass flood flows. Failures caused by hydrologic conditions can range from sudden (with complete breaching or collapse), to gradual (with progressive erosion and partial breaching). The most common modes of failure associated with hydrologic conditions include overtopping, the erosion of earth spillways, and overstressing the dam or its structural components.
 

Description 

Like all built structures, dams deteriorate. Lack of maintenance causes dams to be more susceptible to failure. In the United States since 2000, more than 600 dam incidents, (including 70 dam failures) were reported to the National Performance of Dams Program, which collects and archives information on dam performance as reported by state and federal regulatory agencies and dam owners. Dam incidents are events (such as large floods, earthquakes or inspections) that alert dam safety engineers to deficiencies that threaten the safety of a dam. Due to limited state staff, many incidents are not reported, and therefore the actual number of incidents is likely to be much higher. The hazard potential is the possible adverse incremental consequences that result from the release of water or stored contents, due to the failure of the dam or disoperation of the dam or appurtenances. Dam failures can be grouped into three categories: low-, significant-, and high-hazard potential situations. Hazard potential does not indicate the structural integrity of the dam itself, but rather the effects if a failure should occur. The hazard potential assigned to a dam is based on consideration of the effects of a failure during both normal and flood-flow conditions.
 Table 3-2 (below) provides a description and guidelines of the three classes of dam hazards.

Table 3-2. Dam Hazard Classifications

	DAM HAZARD CLASSIFICATION


	Hazard Classification
	Description
	Quantitative Guidelines

	Low
	Interruption of road service, low volume roads; economic eamage
	Less than 25 vehicles per day; less than $30,000

	Intermediate (Significant)
	Damage to highways, interruption of service; economic damage
	25 to less than 250 vehicles per day; $30,000 to less than $200,000

	High
	Loss of human life; economic damage

*Probable loss of human life due to breached roadway or bridge on or below the dam
	Probable loss of one or more human lives; more than $200,000  * 250 Vehicles per day at 1000-ft. visibility;100 Vehicles per day at 500-ft. visibility; 25 Vehicles per day at 200-ft. visibility


In North Carolina, dams exist throughout the state and have played an important role in its economic development. Dams are relied upon to generate power, provide communities with drinking water, and protect individuals from floods. There are more than 4,600 dams in North Carolina. According to the Division of Land Resources, approximately 1,700 dams would pose a risk to public safety and property if a dam failure were to occur.  Additionally, the number of high-hazard potential dams whose failure would cause a loss of human life is increasing. In 1998, states reported 9,281 high-hazard potential dams, with North Carolina having the highest number (874). The number of high-hazard potential dams nationally increased to 13,990 by 2010, and the number in North Carolina increased to 1,126. The number of North Carolina dams that were identified as structurally unsafe in 2010 was reported to be 39.

Communities continue to develop along the state’s rivers, many in potential dam-failure inundation zones. Further exacerbating the potential risk to citizens is the disrepair of many dams and the lack of sound plans to help guide necessary repairs and warning systems to alert the public in the event of a dam failure.  
Historical Occurrences

Table 3-3 lists the historical occurrences of dam failure.

Table 3-3. Detailed Dam Failure History
	NORTH CAROLINA DAM BREAK EVENTS

	#
	Event
	Year
	Location
	Severity
	Extent of Damages

	1
	Bearwallow Lake Dam Break
	1976
	Bearwallow Lake, N.C.
	Sliding
	Unknown

	2
	Potato Hill Lake Dam Break
	1977
	Potato Hill Lake, N.C.
	Overtopping
	Unknown

	3
	Winston Dam Break
	1912
	Winston, N.C.
	Overtopping
	Unknown

	5
	Hurricane Fran
	1996
	Eastern N.C.
	3 major and

12 minor breaks
	Private facilities

	6
	Hurricane Floyd
	1999
	44 Counties of N.C.
	36 failures
	100 dams damaged; hog lagoon overflow

	7
	Hope Mills
	2003
	Hoke and Cumberland Counties, N.C. 
	5 failures and

11 damaged dams
	No injuries


Location and Extent

Figure 3-1 illustrates the location of 1,055 high hazard dams as registered by the North Carolina Dam Safety Program managed by the Department of Natural Resources, Division of Land Resources.  The figure also highlights the location of 20 high-hazard dams with a recorded maximum impoundment of 10,000 acre feet or greater, as listed in Table 3.4.
  Maximum impoundment is the total storage space in a reservoir below the maximum attainable water surface elevation, including any surcharge storage.  The geodatabase is current as of the year 2002.

Figure 3-1. North Carolina High Hazard Dams
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Table 3-4.  High Hazard Dams with Maximum Impoundments Exceeding 10,000 Acre Feet

	Dam Name
	Owner Name
	County
	City
	Maximum Impoundment (Acre Feet)

	Catawba Dam
	Duke Power Company
	McDowell
	Charlotte
	265,182

	W. Kerr Scott Dam
	US Army Corps Engineers
	Wilkes
	North Wilkesboro
	153,000

	Moss Lake Dam
	City of Kings Mountain
	Cleveland
	Kings Mountain
	53,280

	Lake Lure Dam
	Town of Lake Lure
	Rutherford
	Lake Lure
	44,914

	Lake Cammack Dam
	City of Burl
	Alamance
	Burlington
	36,000

	Townsend Lake Dam
	City of Greensboro
	Guilford
	Greensboro
	32,663

	Lake Auman Dam
	West Side Landowners
	Moore
	West End
	28,014

	Oak Hollow Lake Dam
	City of High Point
	Guilford
	High Point
	24,500

	North Fork Reservoir Dam
	Asheville-Buncombe Water Authority
	Buncombe
	Asheville
	21,700

	Toxaway Dam Lower
	Lake Toxaway Corporation
	Transylvania
	Lake Toxaway
	21,500

	Troublesome Creek Dam
	City of Rockingham
	Rockingham
	Reidsville
	21,161

	Lake Brandt Dam
	City of Greensboro
	Guilford
	Greensboro
	18,391

	Lake Summit Dam
	Duke Power Company
	Henderson
	Charlotte
	15,840

	Country Line W/S #1 (Farmer Lake)
	Caswell County
	Caswell
	Yanceyville
	15,268

	High Point Municipal Dam
	City of High Point
	Guilford
	High Point
	11,694

	Rink Lake Dam
	Duke Power Company
	Alexander
	Charlotte
	11,400

	Lake Tom-A-Lex Dam
	Thomasville & Lexington
	Davidson
	Thomasville
	11,180

	Back Creek Reservoir
	City Manager  City Of Graham
	Alamance
	Graham
	10,645

	Lake Royale Dam
	Lake Royale Inc.
	Franklin
	Dallas
	10,260

	Woodlake Dam
	Woodlake Partners Limited Partnership
	Moore
	Vass
	10,000


Dam Failure Hazard Scores

Figure 3-2 represents the relative location of Dam Failure hazard vulnerability across the state of North Carolina. The vulnerability score for each county represents the scope, frequency, intensity, and destructive potential of this hazard and is an indication of future probability based on its relative score to other counties in the state. (The use of cooler colors—such as blues, purples, or greens—on the various hazard score maps presented in this section represents lower hazard vulnerability scores, while warmer colors—yellows, oranges, or reds—represent higher hazard vulnerability scores. This color scheme applies to this map and for comparisons to all of the other individual hazard maps.)

Figure 3-2. Dam Failure Hazard Scores by County
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Drought Hazards
Drought (meteorological, agricultural, and hydrological)

Definition
Drought refers to an extended period of deficient rainfall relative to the statistical mean established for a region. Drought can be defined according to meteorological, hydrological, and agricultural criteria.
 Meteorological drought uses long-term precipitation data to measure present precipitation levels against departures from normal precipitation levels. Hydrological drought is defined by surface and subsurface water supply deficiencies based on stream flow, lake, reservoir, and ground water levels.  Agricultural drought occurs when there is insufficient soil moisture to satisfy the water budget of a specific crop, leading to destroyed or underdeveloped crops with greatly depleted yields.

Description 

Drought is a normal, recurrent feature of climate, although many erroneously consider it a rare and random event. Because drought is progressive in nature and develops slowly, it is often not recognized until it reaches a severe level. 

The underlying cause of most droughts can be related to variations in large-scale atmospheric circulation patterns and the locations of anticyclones, or high-pressure systems. Sometimes, whirling masses of air separate from the main westerly airflow (analogous to whirlpools that form in rapidly flowing rivers) and effectively prevent the usual west-to-east progression of weather systems. When these “blocking systems” persist for extended periods of time, weather extremes (such as drought, floods, heat waves, and cold snaps) can occur.  

The Palmer Drought Severity Index (PDSI) is a measure of drought that is widely used in the United States for tracking moisture conditions. The PDSI is defined as “an interval of time, generally in months or years in duration, during which the actual moisture supply at a given place rather consistently falls short of the climatically expected or climatically appropriate moisture supply.” The range of PDSI is from –4.0 (extremely dry) to +4.0 (excessively wet), with the central half (–2.0 to +2.0) representing the normal or near normal conditions. The PDSI is best used for long-term measurements of drought. For short-term (week-to-week) measurements, it is more useful to use the Crop Moisture Index (CMI), also developed by Wayne Palmer.
  

Historical Occurrences

In the recent past, many areas of North Carolina have been affected by drought, to varying degrees. The years since 1998 have seen the driest conditions. Table 3-5 lists historical drought events that occurred between July 1998 and May 2012; detailed descriptions about selected events follow the table.
 It is worth noting that any geographic area of the state is susceptible to a drought.
Table 3-5. Detailed Drought History

	NORTH CAROLINA DROUGHT EVENTS

	#
	Event
	Duration
	Location (County)
	Severity
	Extent of Damages

	1
	Dry Weather
	07/01/1998–

07/31/1998
	Alexander, Avery, Buncombe, Burke, Cabarrus, Caldwell, Catawba, Cleveland, Davie, Gaston, Graham, Haywood, Henderson, Iredell, Jackson, Lincoln, Macon, Madison, McDowell, Mecklenburg, Mitchell, Polk, Rowan, Rutherford, Swain, Transylvania, Union, Yancey
	Fatalities: 0

Injuries: 0
	Property: $0 

Crop: $0  

	2
	Drought
	10/01/1998–

10/31/1998
	Alexander, Avery, Buncombe, Burke, Cabarrus, Caldwell, Catawba, Cleveland, Davie, Gaston, Graham, Haywood, Henderson, Iredell, Jackson, Lincoln, Macon, Madison, McDowell, Mecklenburg, Mitchell, Polk, Rowan, Rutherford, Swain, Transylvania, Union, Yancey
	Fatalities: 0

Injuries: 0
	Property: $0 

Crop: $0  

	3
	Drought
	10/10/1998–  

10/31/1998
	Alleghany, Ashe, Caswell, Rockingham, Stokes, Surry, Watauga, Wilkes, Yadkin
	Fatalities: 2

Injuries: 0
	Property: $0 

Crop: $2.6 million  

	4
	Drought
	11/01/1998–  

11/25/1998
	Alleghany, Ashe, Caswell, Rockingham, Stokes, Surry, Watauga, Wilkes, Yadkin
	Fatalities: 0

Injuries: 0
	Property: $0 

Crop: $225,000  

	5
	Drought
	11/01/1998–  

11/30/1998
	Alexander, Avery, Buncombe, Burke, Cabarrus, Caldwell, Catawba, Cleveland, Davie, Gaston, Graham, Haywood, Henderson, Iredell, Jackson, Lincoln, Macon, Madison, McDowell, Mecklenburg, Mitchell, Polk, Rowan, Rutherford, Swain, Transylvania, Union, Yancey
	Fatalities: 0

Injuries: 0
	Property: $0,             Crop: $0

	6
	Drought
	06/01/1999–  

06/31/1999
	Alleghany, Ashe, Caswell, Rockingham, Stokes, Surry, Watauga, Wilkes, Yadkin
	Fatalities: 0

Injuries: 0
	Property: $0,        Crop: $0

	7
	Drought
	07/01/1999–  07/31/1999
	Alexander, Alleghany, Ashe, Burke, Cabarrus, Caldwell, Caswell, Catawba, Cleveland, Davie, Gaston, Iredell, Lincoln, McDowell, Mecklenburg, Polk, Rockingham, Rowan, Rutherford, Stokes, Surry, Union, Watauga, Wilkes, Yadkin
	Fatalities: 0

Injuries: 0
	Property: $0,              Crop: $0

	8
	Drought
	08/25/1999–  

08/25/1999
	Brunswick, Columbus, Robeson
	Fatalities: 0

Injuries: 0
	Property: $0,                Crop: $0

	9
	Drought
	09/01/1999–  

09/05/1999
	Alleghany, Ashe, Caswell, Rockingham, Stokes, Surry, Watauga, Wilkes, Yadkin
	Fatalities: 0

Injuries: 0
	Property: $0,               Crop: $0

	10
	Drought
	09/01/1999–  

10/31/1999
	Alexander, Avery, Buncombe, Burke, Cabarrus, Caldwell, Catawba, Cleveland, Davie, Gaston, Graham, Haywood, Henderson, Iredell, Jackson, Lincoln, Macon, Madison, McDowell, Mecklenburg, Mitchell, Polk, Rowan, Rutherford, Swain, Transylvania, Union, Yancey
	Fatalities: 0

Injuries: 0
	Property: $0,            Crop: $0

	11
	Drought
	08/01/2000–  

11/30/2000
	Alexander, Avery, Buncombe, Burke, Cabarrus, Caldwell, Catawba, Cleveland, Davie, Gaston, Graham, Haywood, Henderson, Iredell, Jackson, Lincoln, Macon, Madison, McDowell, Mecklenburg, Mitchell, Polk, Rowan, Rutherford, Swain, Transylvania, Union, Yancey
	Fatalities: 0

Injuries: 0
	Property: $0,              Crop: $0

	12
	Drought
	02/01/2001–  

05/31/2001
	Alexander, Avery, Buncombe, Burke, Cabarrus, Caldwell, Catawba, Cleveland, Davie, Gaston, Graham, Haywood, Henderson, Iredell, Jackson, Lincoln, Macon, Madison, McDowell, Mecklenburg, Mitchell, Polk, Rowan, Rutherford, Swain, Transylvania, Union, Yancey
	Fatalities: 0

Injuries: 0
	Property: $0,                Crop: $0

	13
	Drought
	08/01/2001–  

08/31/2001
	Alexander, Alleghany, Ashe, Avery, Buncombe, Burke, Cabarrus, Caldwell, Caswell, Catawba, Cleveland, Davie, Gaston, Graham, Haywood, Henderson, Iredell, Jackson, Lincoln, Macon, McDowell, Mecklenburg, Mitchell, Polk, Rockingham, Rowan, Rutherford, Stokes, Surry, Swain, Transylvania, Union, Watauga, Wilkes, Yadkin, Yancey
	Fatalities: 0

Injuries: 0
	Property: $0,                 Crop: $0

	14
	Drought
	11/01/2001–  

12/31/2001
	Alexander, Avery, Buncombe, Burke, Cabarrus, Caldwell, Catawba, Cleveland, Davie, Gaston, Graham, Haywood, Henderson, Iredell, Jackson, Lincoln, Macon, Madison, McDowell, Mecklenburg, Mitchell, Polk, Rowan, Rutherford, Swain, Transylvania, Union, Yancey
	Fatalities: 0

Injuries: 0
	Property: $0,               Crop: $0

	15
	Drought
	11/15/2001–  

11/30/2001
	Bladen, Brunswick, Columbus, New Hanover, Pender, Robeson
	Fatalities: 0

Injuries: 0
	Property: $0,                Crop: $0

	16
	Drought
	01/01/2002–  

01/31/2002
	Haywood
	Fatalities: 0

Injuries: 0
	Property: $0,               Crop: $0

	17
	Drought
	06/01/2002–  

06/30/2002
	Bladen, Brunswick, Columbus, New Hanover, Pender, Robeson
	Fatalities: 0

Injuries: 0
	Property: $0,               Crop: $0

	18
	Drought
	08/01/2002–  

08/31/2002
	Alexander, Avery, Buncombe, Burke, Cabarrus, Caldwell, Catawba, Cleveland, Davie, Gaston, Graham, Haywood, Henderson, Iredell, Jackson, Lincoln, Macon, Madison, McDowell, Mecklenburg, Mitchell, Polk, Rowan, Rutherford, Swain, Transylvania, Union, Yancey
	Fatalities: 0

Injuries: 0
	Property: $0,                    Crop: $0

	19
	Drought
	08/01/2003–  05/01/2004 
	Alexander, Burke, Cabarrus, Caldwell, Catawba, Cleveland, Davie, Gaston, Iredell, Lincoln, Mcdowell, Mecklenburg, Polk, Rowan, Rutherford, Union 
	Fatalities: 0

Injuries: 0
	Property: $0,                    Crop: $0

	20
	Drought
	2007-2008
	Statewide
	Fatalities: 0

Injuries: 0
	Property: $0,                    Crop: $0

	21
	Drought
	01/13/2009–  03/17/2009
	Cleveland, Rutherford, Polk, Henderson, Transylvania, Jackson, Macon, Clay, Haywood, Bumcumbe, McDowells, Burke
	Fatalities: 0

Injuries: 0
	Property: $0,                    Crop: $0

	22
	Drought
	07/05/2011–  08/23/2011 
	Columbus, Brunswick, Bladen, New Hanover, Pender, Sampson, Duplin, Onslow, Jones, Carteret, Pamlico, Tyrell, Hyde, Dare, Currituck.

Robeson, Cumberland, Johnston, Wayne, Lenoir, Greene, Craven, Pitt, Beaufort, Wilson, Edgecombe, Martin, Halifax, Bertie, Washington, Hertford, Gates, Chowan, Pasquotank, Perquimans, Camden. 
	Fatalities: 0

Injuries: 0
	Property: $0,                    Crop: $0

	23
	Drought
	01/17/2012–  02/28/2012
	Brunswick, Columbus, Bladen, New Hanover, Pender, Onslow. 
	Fatalities: 0

Injuries: 0
	Property: $0,                    Crop: $0


Selected Detailed Event Information

Event # 1:  July 1, 1998–July 31, 1998

Dry weather continued through much of the month of July 1998, affecting crops during the critical part of the growing season. Corn and other vegetables sustained the most damage, but a dollar amount related to the crop losses was not available.

Event # 2:  Oct. 1, 1998–Oct. 31, 1998 

The drought which began during the summer of 1998 continued through October. The only significant rainfall during the month occurred on Oct. 7 and Oct. 8. Cities and counties began to restrict water usage, and stream flows for several mountain locations were reduced to the lowest amounts seen in 50 years.

Event # 8-9:  Aug. 25, 1999–Sept. 5, 1999 

In 1999, Brunswick, Columbus, and Robeson Counties were declared Federal Disaster Areas due to hot and dry conditions which continued since July. Dry conditions that began in July 1998, subsided for several months during the later part of 1998 and the first part of 1999, then returned in June 1999 and continued in many areas through early September. In many areas, crops were either damaged or destroyed. Water levels in creeks, streams, and rivers remained very low. The drought ended in most areas with the arrival of heavy rain from the remnants of Hurricane Dennis, which occurred on Sept. 4 and Sept. 5.

Event #12:  Feb. 1, 2001–May 31, 2001 

Effects of the 2001 drought intensified as many areas received absolutely no rain during the month, setting records in several locations for the longest stretch endured without any measurable rainfall. Wells and mountain streams continued to dry up and lake levels continued to drop. Despite beneficial rain during March, the drought continued to grip most of the area. Severe water restrictions were implemented in parts of the North Carolina piedmont, where reservoirs dropped to all-time low levels. In Concord, food establishments were asked to use paper and plastic products, in order to conserve water.  Some rivers and lakes reached record-low levels. Well-drilling companies in the North Carolina piedmont recorded twice as much business as usual.

Event #14-15:  Nov. 1, 2001–Nov. 30, 2001 

The National Weather Service declared North Carolina to be in a moderate drought in Nov. 2001. Between Jan. 2001 and Nov. 2001, the weather office in Wilmington NC recorded only 35.84 inches of precipitation, an amount approximately 14 inches below normal. Similar rainfall deficits were experienced around the state. Many areas in North Carolina participating in either voluntary or mandatory water-conservation measures.  The Charlotte area recorded an all-time record dry calendar year with just 26.23 inches of rainfall occurring during 2001. (Records have been kept in the area since 1878.) Many communities initiated either mandatory or voluntary water restrictions. At Kings Mountain, a new pump was required at Lake Moss because the water level dropped below two of the three existing pumps. Record low ground water supplies, lake levels, and stream flows were reported across all of western North Carolina.

Event #18:  Aug. 1, 2002–Aug. 31, 2002

The 2002 water supply situation reached crisis levels in some communities, as the effects of a long-term drought continued to plague western North Carolina. Particularly hard hit were several Piedmont communities along the Interstate-77 corridor. The city of Shelby was forced to buy water from surrounding communities and even from private companies and citizens. In Statesville, emergency construction of wells and a dam was necessary to prevent the city from running out of water, as the nearby South Yadkin River reached historically low levels. Water levels on area lakes fell as much as 10 feet below full pond levels. Most of the larger towns and cities along the I-77 corridor had imposed mandatory water restrictions by the end of the month, including the Charlotte metro area.

Event #19:  Aug. 1, 2003–May 1, 2004

A period of dry weather that began in Aug. 2003 resulted in moderate drought conditions across portions of western North Carolina by late spring of 2004. Streamflow and lake levels began to run below normal, and a few communities instituted water restrictions.

Event #20 2007-2008

The drought in 2007 was the worst for North Carolina since record keeping began in North Carolina in 1895. In 2007, conditions in the state went from no drought to record drought in less than one year. The year 2007 was recorded by the National Weather Service as the driest year in more than 100 years in North Carolina. Records were set in many areas for number of days of low humidity and number of days with temperatures above 90 F. Forest landowners and many residents in wildfire-prone areas were impacted by the drought. Soil moisture was not a grave problem during the planting season of 2008. However, the lack of rains throughout the spring and summer months stunted or prohibited crop growth in some areas. Some areas had record low yields while some other areas seemed to make it through the drought because of isolated showers which doused fields at the right times of the growing season.At one point, as many as 30 cities and towns were forced to confront the realization that they may run out of water or have to ration water. Many of those were within 100 days of running out of water. In Siler City, officials had to ship in water supplies by truck. Rocky Mount sought and received the state’s permission to extend a pipeline to Wilson to keep from running out of water.

Event #21 January 13, 2009–March 17, 2009

Extreme drought (D3) began impacting Western North Carolina in January 2009, after several months of the region experiencing a severe drought (D2). The most severely impacted counties were the Southwestern counties, from Rutherford to Cherokee County (from East to West). 

Event #22 July 05, 2011–August 23, 2011 

Severe drought (D2) began impacting Eastern North Carolina in early June and worsened to extreme drought (D3) by early July for several Eastern North Carolina counties. Since the winter of 2010, the region received well below normal precipitation. Streamflows over Eastern North Carolina were well below normal with several sites showing less than ten percentile range of streamflow. Groundwater conditions were listed as much below to record low levels across the region. As of July 8th, Local Climatological Data Sites New Bern and Cape Hatteras observed fifty-four and seventy-six percent of normal precipitation, respectively. As a result of these conditions, the North Carolina Department of Environment and Natural Resources banned open burning in Eastern North Carolina.

Event #23 January 17, 2012–February 28, 2012

A severe drought (D2) started in January 2012 after several months of diminished precipitation. The conditions continued until the end of February. The affected counties are located in the Southeastern part of the state. The status of some public supply systems, as a result of drought related causes, had mandatory conservation statuses. 

Drought Hazard Scores

Figures: 3-3. Drought Hazard Scores by County; 3-4. Agricultural Drought Hazard Scores by County; and 3-5. Hydrological Drought Hazard Scores by County from the last update were not included in this plan update. Figure 3-3 represented the relative location of Drought hazard vulnerability across the state of North Carolina, which is 240 for the entire state. Figure 3-4 represented the relative location of Agricultural Drought hazard vulnerability, which is 240 for the entire state; and Figure 3-5 represented the relative location of Hydrologic Drought hazard vulnerability across the state of North Carolina, which is 180 for the entire state. The vulnerability score for each county represents the scope, frequency, intensity, and destructive potential of this hazard and is an indication of future probability based on its relative score to other counties in the state. All three scores are considered higher hazard vulnerability scores. 

The total hazard scores are a composite of individual hazard vulnerability assessment score for the lesser hazards of North Carolina assigned on a climate division level (Guttman and Quayle, 1996). Each county received 40 individual hazard scores and one total hazard score.

Individual Hazard Scores were calculated with the following equation:

Hazard Score = Scope x Frequency x Intensity x Destructive Potential

Minimum Hazard Score = 0

Maximum Hazard Score = 625

Total Hazard Scores were calculated with the following equation:

Total Hazard Score ∑ (Individual Hazard Scores)

Additional Information

Drought Facts  

http://earthobservatory.nasa.gov/Library/DroughtFacts/
2002 Precipitation Summary

http://www.ncwater.org/Water_Supply_Planning/Drought_Monitoring_Council/Documents/drought_stations.pdf
Neal Lott, Physical Scientist. National Climatic Data Center Research Customer Service Group. Technical Report 93-04. The Summer of 1993: Flooding in the Midwest and 

Drought in the Southeast. http://216.239.57.100/search?q=cache:Ggc8df5bXRAJ:www1.ncdc.noaa.gov/pub/data/techrpts/tr9304/tr9304.epstprevious+heat+wave+events+north+carolina&hl=en&ie=UTF-8 

Drought Monitor Archive

http://drought.unl.edu/dm/archive.html

Heat Wave
Definition

Heat waves occur when temperatures hover 10 degrees or more above the average high temperature for the region, and those extremely high temperatures last for several weeks.
 Excessively dry and hot conditions can provoke dust storms and low visibility and exacerbate the impacts of drought. Humid or muggy conditions, which add to the discomfort of high temperatures, occur when a “dome” of high atmospheric pressure traps hazy, damp air near the ground.  

Description

Differences in temperatures over the various parts of the State are no less pronounced in summer than in winter. The warmest summer temperatures occur within the interior regions of the state, rather than near the coast. In some interior locations, summer heat and humidity can combine to cause temperatures to feel more like 105 degrees—a health risk even to those acclimated to warm weather.
 The average daily maximum midsummer temperature exceeds 92 degrees F at Goldsboro and Fayetteville, for example, while on the southernmost part of the coast during the same season, the average daily maximum is only 89 degrees F. The mid-July average afternoon high temperature atop Mount Mitchell is only 68 degrees F, while over widely populated areas in the state’s mountainous areas, the afternoon high temperature figure is around 80 degrees F.  Morning temperatures average about 20 degrees lower than those experienced during the afternoon except along the immediate coast, where the daily range is only 10 to 15 degrees.
  

Historical Occurrences

During the spring and summer, North Carolina experiences occasional invasions of cool dry air; however, an increase in sunshine, which typically follows these events, usually raises temperatures back up quickly. When the dryness of the air is sufficient to keep cloudiness at a minimum for several days, temperatures may occasionally reach 100 degrees F or higher at interior elevations below 1,500 feet. Ordinarily, however, summer cloudiness develops to limit the sun’s heating, while temperatures remain in the 90-degree F range. An entire summer occassionally passes without a high temperature of 100 degrees F being recorded in the State. The average daily maximum reading in midsummer is below 90 degrees F for most localities.

Higher temperatures and the increased frequency of heat waves may raise the number of heat-related deaths, as well as the incidence of heat-related illnesses. The average temperature in Chapel Hill, for example, has increased 1.2 degrees F during the past 100 years, and precipitation has increased by up to 5 percent in many parts of the state. These past trends may or may not continue into the future. Although North Carolina is exposed to regular, intense heat during a typical summer, the population could still be sensitive to heat waves. In Greensboro, a warming of 3 degrees F during a typical summer is estimated to increase heat-related deaths by nearly 70 percent, from approximately 20 fatalities to about 35 fatalities (although the increased use of air conditioning may not have been fully accounted for).
 

Between May 18, 1996 and July 21, 2011, North Carolina reported 12 heat temperature extremes, which caused 10 fatalities and 16 injuries. Table 3-6 lists these events arranged by date. Detailed descriptions about selected events follow the table.  

Table 3-6.  Detailed Heat Wave History

	NORTH CAROLINA HEAT WAVE EVENTS

	#
	Event
	Duration
	Location (County)
	Severity
	Extent of Damages

	1
	Excessive Heat
	05/18/1996– 

05/21/1996 
	Bertie, Camden, Chowan, Currituck, Gates, Hertford, Northampton, Pasquotank, Perquimans
	Fatalities: 0

Injuries: 0
	Property: $0,          Crop: $0

	2
	Excessive Heat
	07/28/1997 
	Robeson
	Fatalities: 1

Injuries: 0
	Property: $0,                  Crop: $0

	3
	Heat
	06/29/1998 
	 Mecklenburg
	Fatalities: 2

Injuries: 0
	Property: $0,           Crop: $0

	4
	Excessive Heat
	07/22/1998– 

07/23/1998
	Alamance, Anson, Chatham, Cumberland, Davidson, Durham, Edgecombe, Forsyth, Franklin, Granville, Guilford, Halifax, Harnett, Hoke, Johnston, Lee, Moore, Nash, Montgomery, Orange, Person, Randolph, Sampson, Stanly, Richmond, Scotland, Vance, Wake, Warren, Wayne, Wilson 
	Fatalities: 0

Injuries: 0
	Property: $0,                 Crop: $0

	5
	Excessive Heat
	07/20/1999– 

07/31/1999
	Columbus
	Fatalities: 1

Injuries: 15
	Property: $0,                Crop: $0

	6
	Excessive Heat
	07/23/1999– 

07/25/1999
	Johnston, Scotland
	Fatalities: 2

Injuries: 0
	Property: $0,            Crop: $0

	7
	Excessive Heat
	08/01/1999 
	Lincoln
	Fatalities: 0

Injuries: 1
	Property: $0,                Crop: $0

	8
	Excessive Heat
	08/02/1999 
	Edgecombe
	Fatalities: 1

Injuries: 0
	Property: $0,               Crop: $0

	9
	Excessive Heat
	08/07/2001– 

09/09/2001
	New Hanover
	Fatalities: 0

Injuries: 0
	Property: $0,              Crop: $0

	10
	Heat
	08/08/2001 
	Burke
	Fatalities: 1

Injuries: 0
	Property: $0,                  Crop: $0

	11
	Excessive Heat
	07/19/2005
	Person
	Fatalities: 1

Injuries: 0
	Property: $0,                     Crop: $0

	12
	Excessive Heat
	07/20/2005
	Harnett
	Fatalities: 1

Injuries: 0
	Property: $0,                  Crop: $0

	13
	Heat
	08/10/2007
	Cumberland
	Fatalities: 1

Injuries: 0
	Property: $0,                  Crop: $0

	14
	Heat
	08/22/2007
	Wake
	Fatalities: 0

Injuries: 1
	Property: $0,                  Crop: $0

	15
	Heat
	05/27/2008
	Guilford
	Fatalities: 1

Injuries: 0
	Property: $0,                  Crop: $0

	16
	Heat
	06/10/2008
	Pitt
	Fatalities: 1

Injuries: 0
	Property: $0,                  Crop: $0

	17
	Heat
	06/13/2008
	Pitt
	Fatalities: 2

Injuries: 0
	Property: $0,                  Crop: $0

	18
	Heat
	7/21/2011
	Inland New Hanover, Inland Pender, Robeson, Inland Brunswick, Columbus, Coastal Pender, Bladen, Coastal Brunswick, Coastal New Hanover
	Fatalities: 0

Injuries: 0
	Property: $0,                  Crop: $0


Event # 2:  July 28, 1997
A 56-year old male collapsed while working on the roof of Lakewood Elementary School. He suffered a heart attack which officials believe was caused by the heat.  Temperatures were in the 90’s with heat indices exceeding 100 degrees.”

Event # 3:  June 29, 1998
A string of several days in the upper 90s to near 100 degrees resulted in the death of an elderly couple when their home's air conditioning failed.”

Event # 4:  July 22, 1998–July 23, 1998
Excessive heat plagued central North Carolina during July 22 through July 23.  Maximum temperatures reached the 98 to 103 degree range combined with dew points in the 78 to 80 degree range with little wind to give heat index values of around 110 degrees for several hours each afternoon.  To make matters worse, the minimum temperatures did not fall below 80°F at several locations and those that did achieved that feat for only an hour or two.  Strong thunderstorms ended the two day excessive heat ordeal when rain cooled the environment enough to send temperatures into the lower 70s at most locations.”

Event # 5:  July 20, 1999–July 31, 1999
A heat wave caused many to require hospital treatment in Columbus County and in neighboring counties in southeast NC.  A farm worker died of heat stroke after hospitalization.”

Event # 6:  July 23, 1999–July 25, 1999
A farm worker was overcome by heat exhaustion.  He was taken to the local hospital where his body temperature was measured at 108 degrees.  A three year old boy died after he apparently entered his parents’ car and could not get out.”

Event # 9:  Aug. 7, 2001–Aug. 9, 2001
High humidity and temperatures in the mid 90s caused afternoon heat indices between 105 and 110 degrees (measured by ASOS) in New Hanover County.  A heat index of 108 was also reported at Lumberton.

Event # 10:  Aug. 8, 2001 

A 19-year old playing basketball in a non air-conditioned gymnasium collapsed from heat. He was pronounced dead on arrival at the hospital in Morganton.

Event # 11:  July 19, 2005  

The body of a migrant worker was found on Walker Farm in Person County.  The worker complained of sickness and left the farm around 11:30am.  The worker was later found dead only a quarter mile away in a creek bed.  The heat index by 11am was 103 degrees.

Event # 12:  July 20, 2005

A migrant worker collapsed and died from heat stroke on Harnett County near Erwin.  The man collapsed on a tobacco farm and was transported to UNC Hospital where he later died.

Event # 13:  August 10, 2007

A 43 year old male collapsed while pumping gas and was found by a highway patrol officer. The man died from heat stroke. The victim's core body temperature was 106 degrees.

Event # 14:  August 22, 2007

An athelete from Enloe High School running track collapsed from heat exhaustion and was sent to the hospital in critical condition. The student remained in the hospital in critical condition for several days.

Event # 15:  May 27, 2008

Senior Chad Wiley collapsed after a voluntary football workout on campus Tuesday May 27th. Chad was 22 years old.

Event # 16  June 10, 2008

A man was found dead on June 13th near Greenville in Pitt County. The coroner decided the cause of death was extreme heat and estimated the man died on June 10th. High temperatures were around 100 degrees at this time.

Event # 17:  June 13, 2008

A man and a woman were found dead in a trailer on June 16th. It is believed they died on June 13th due to extreme heat. The trailer they were found in had no air conditioning and all the windows were closed despite temperatures well into the 90s. Smoke from a large wildfire to the east had spread over the region on June 13th and may have lead to the deceased individuals closing the windows despite the hot temperatures.

Event # 18: July 21, 2011

Excessive heat advisories and warnings were issued for the region for several days toward the end of July. The heat and humidity combined to push heat indicies near 110 degrees at times during the afternoon.

Heat Wave Hazard Scores

Figure 3-3 represents the relative location of Heat Wave hazard vulnerability across the state of North Carolina.  The vulnerability score for each county represents the scope, frequency, intensity, and destructive potential of this hazard and is an indication of future probability based on its relative score to other counties in the state. (The use of cooler colors—such as blues, purples, or greens—on the various hazard score maps presented in this section represents lower hazard vulnerability scores, while warmer colors—yellows, oranges, or reds—represent higher hazard vulnerability scores. This color scheme applies to this map and for comparisons to all of the other individual hazard maps.)

Figure 3-3. Heat Wave Hazard Scores by County
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Additional Information

National Climatic Data Center (NCDC) 1999 and 2000 Climate Summaries:

http://www.ncdc.noaa.gov/oa/climate/research/1999/sum/us_drought.html#heat 

http://www.ncdc.noaa.gov/oa/climate/research/2000/sum/us_drought.html#Heat 

Heat Waves and Hot Nights:  A report by Ozone Action and Physicians for Social Responsibility.  July 26, 2000.  

http://www.mit.edu/~donnan/cv/2000%20ozone%20Action%20Heatwave%20Report.pdf 

Donaldson, G.C., W.R. Keatinge, and S. Nayha.  2003.  Changes in summer temperature and heat-related mortality since 1971 in North Carolina, South Finland, and Southeast England.  Environmental Research.  91:1, pp. 1-7.  

http://www.sciencedirect.com/science?_ob=MImg&_imagekey=B6WDS-47RJ2X4-2-B&_cdi=6774&_orig=browse&_coverDate=01%2F31%2F2003&_sk=999089998&view=c&wchp=dGLbVzzlSzBA&_acct=C000004198&_version=1&_userid=36942&md5=627fc405632769aa4cea184ee8585a68&ie=f.pdf
Geological Hazards
Debris Flow/Landslide
Definition

Landslides occur when masses of rock, earth, or debris move down a slope.  Landslides may be very small or very large, and can move at slow to very high speeds.  Many landslides have been occurring over the same terrain since prehistoric times.  They are activated by storms and fires and by human modification of the land.  Landslides pose serious threats to highways and structures that support fisheries, tourism, timber harvesting, mining, and energy production as well as general transportation.

Deadly manifestations of landslides are debris flows.  Gori and Burton
 explain that while some landslides move slowly and cause damage gradually, others move so rapidly that they can destroy property and take lives suddenly and unexpectedly.  The latter constitute debris flows (also referred to as mudslides, mudflows, or debris avalanches), which are a common type of fast-moving landslide that generally occurs during intense rainfall on water-saturated soil.  They usually start on steep hillsides as soil slumps or slides that liquefy and accelerate to speeds as great as 35 miles per hour or more.  They continue flowing down hills and into channels and deposit sand, mud, boulders, and organic material onto more gently sloping ground.  Their consistency ranges from watery mud to thick, rocky mud (like wet cement), which is dense enough to carry boulders, trees, and cars.  Debris flows from many different sources can combine in channels, where their destructive power may be greatly increased.  

Description

According to the United States Geological Survey (USGS), landslides are a major geologic hazard that occur in all 50 states, cause $1-2 billion in damages and result in an average of more than 25 fatalities each year (USGS, 1997).  Landslides are especially troubling because they often occur with other natural hazards, such as earthquakes, floods, and tropical cyclones.  Areas that are generally prone to landslide hazards include existing old landslides; the bases of steep slopes; the bases of drainage channels; and developed hillsides where leach-field septic systems are used or where roads and other landform altering work has not been properly engineered and carried out.  Areas that are typically considered safe from landslides include areas that have not moved in the past; relatively flat-lying areas away from sudden changes in slope; and areas at the top or along ridges, set back from the tops of slopes.

Landslides are common throughout the Appalachian Mountain region.  The greatest eastern hazard is from sliding of clay-rich soils; related damages in urban areas such as Pittsburgh, PA, and Cincinnati, OH, are among the greatest in the U.S.  Historical records suggest that destructive landslides and debris flows in the Appalachian Mountains occur when unusually heavy rain from hurricanes and intense storms soaks the ground, reducing the ability of steep slopes to resist the down slope pull of gravity. Recent studies indicate that periods of rainfall in excess of five inches in twenty four hours may set up conditions for failure of susceptible slopes. As shown by Figure 3-4 (below), North Carolina and surrounding states do have areas at moderate to high risk of landslide.
  In Figure 3-4, areas in color are areas of high to moderate incidence of landslides, plus areas of moderate incidence but high susceptibility to land sliding.  Incidence of landslides is high when greater than 15% of the area is actually part of a landslide or other ground failure.  Moderate incidence means that 1.5 to 15% of the area is involved in mappable landslides.

Figure 3-4. Landslide Areas in the Contiguous United States
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Landslide maps prepared by the NC Geological Survey for 4 counties in western NC were completed following the impacts of Frances and Ivan in 2004: Buncombe, Henderson, Macon, and Watauga. Unfortunately, lack of funding has curtailed the project. Maps can be viewed on the NCGS website: http://www.geology.enr.state.nc.us/Landslide_Info/Landslides_main.htm
Historical Occurrences

Fifty-one historical debris-flow events were recorded between 1844 and 1985 in parts of the Appalachians—most of them in the Blue Ridge area.  Recent studies of deposits exposed in stream channels during the 1995 storms in Madison County, Virginia found evidence of prehistoric debris flows.  Radiocarbon dating of plant remains from debris-flow deposits near Graves Mill, Virginia indicates that these processes have occurred there repeatedly over the last 34,000 years.  

Between 1916 and August 8, 2006, North Carolina Geological Survey (NCGS) recorded 2,762 landslide events, of which 1,361 were process landslides and 1,401 were deposit apexes.  The initiation point of a landslide is called a process and the uppermost portion of a deposit is called the apex.  Deposits are usually older prehistoric fan-shaped features and cannot be associated with a specific slope movement event. 

Table 3-7 provides a summary of process landslides and deposit apexes that have occurred between 1916 and 2006 by county; selected detailed information about several significant process landslide events follows this table.  Landslides are most prevalent in the mountain region due to steep slopes.  Most of the reported landslides have occurred in Watauga (43%) and Macon (30%) Counties.  Between 2006 and 2012, there have only been 5 damaging landslide events in the state of North Carolina. Several of these events (which occurred in Haywood, Henderson, and Forsyth County) are detailed below. 
According to NCGS, it is estimated that $132.7 million in property damage can be attributed to major landslide events that occurred between 1901 and 2003.

Table 3-7. Landslide Event Summary By County
	NORTH CAROLINA LANDSLIDE EVENTS SUMMARY

	County
	Number of Events

	
	Process (Actual Landslide Initiation Recorded)
	Deposit Apex (Prehistoric Landslide Deposit Area)
	Total

	Alleghany
	0
	2
	2

	Ashe
	3
	6
	9

	Avery
	3
	47
	50

	Bladen
	3
	0
	3

	Buncombe
	112
	68
	180

	Burke
	1
	0
	1

	Caldwell
	9
	2
	11

	Cherokee
	1
	1
	2

	Clay
	1
	0
	1

	Durham
	3
	0
	3

	Graham
	1
	0
	1

	Haywood
	65
	67
	131

	Henderson
	26
	3
	29

	Jackson
	26
	8
	34

	Macon
	167
	643
	810

	Madison
	25
	39
	64

	McDowell
	22
	10
	32

	Mitchell
	15
	35
	50

	Montgomery
	1
	0
	1

	Orange
	1
	1
	2

	Polk
	0
	0
	0

	Rutherford
	3
	0
	3

	Swain
	50
	16
	66

	Transylvania
	26
	11
	37

	Wake
	11
	0
	11

	Watauga
	763
	423
	1,186

	Wilkes
	18
	0
	18

	Yancey
	6
	19
	25

	North Carolina
	1,361
	1,401
	                    2,762 


Source: North Carolina Geological Survey, Department of Environment and Natural Resources (2006)

* Note: There were 2,761 recorded landslide events. One of the process records (#693) was listed as one event for McDowell/Mitchell Counties. Therefore, this was counted as one event for each county, bringing the total number of events to 2,762.

July 13-16, 1916: The mid-July 1916 tropical storm and then hurricane in Transylvania County produced the flood of record in western North Carolina. On July 13th there was the catastrophic failure of the Lake Toxaway Dam that generated 293,938 cf outflow at a velocity of 50 mph.  This caused an approximate four acre active weathered-rock slide along the Toxaway River in Gorges State Park.  During July 15 to 16, the French Broad River flooded, resulting in six fatalities and $3 million in damage in Asheville.  Over 56 landslides were reported in the Dunns Rock Section, Penrose Section, Kings Creek, and the Brevard area.  
August 10-17, 1940: Debris flows and debris slides triggered by the August 10-17, 1940 unnamed Atlantic hurricane, which affected portions of northwestern North Carolina and Eastern Tennessee.  Newly acquired 1940 aerial photography indicates that approximately 100 to 200 more debris flows occurred in central and southern Watauga County.  The greatest concentration of debris flows occurred along the Blue Ridge Escarpment; primarily the Elk Creek reentrant in southeastern Watauga County.  Landslides claimed 12 lives, nine of those in the Stony Fork Township near Deep Gap in eastern Watauga County.  Rainfall amounts were high in the area, generally ranging from 12 to 13 inches for the week, with the highest intensity rainfall occurring on the evening of August 13th.  Flooding and mass movements effectively cut off major portions of the county for over two weeks.  Debris flows and flooding severed a six-mile section of U.S. 421 in 21 places between Deep Gap and Maple Springs in Wilkes County.  Washouts and landslides also dissected the nascent Blue Ridge Parkway.  In neighboring Caldwell County, flooding destroyed 90% of the bridges and mass movements closed many of the roads leading into Watauga County.  Rescue, recovery, and relief operations for victims of the debris flows and flooding in the region were stymied and rescuers resorted to crossing difficult terrain on foot and by horse.
 

September 16, 2004:  As the remnants of Hurricane Ivan passed over western North Carolina, the higher elevations in Macon County received approximately 11 inches of rain, which fell on an already saturated ground which had received over 10 inches of rain from the remnants of Hurricane Frances earlier in the month.  A strong storm cell associated passed over Fishhawk Mountain (elevation 4,420 feet) was recorded on radar at approximately 9:48 p.m.  Around 10:00pm, a debris slide began near the top of Fishhawk Mountain along Peeks Creek and quickly mobilized into a debris flow that traveled 2.25 miles down-slope to the Cullasaja River.  Five people were killed, two were seriously injured and 15 homes were destroyed.  Portions of road were destroyed, large boulders weighing several tons were moved, and houses were pushed up to 200 yards off of their foundations.  Debris flow scoured the stream banks revealing evidence of at least two previous (possibly prehistoric) debris flow deposits in the channel.  Maximum velocity calculated in the impacted area was 33 mph, and maximum discharge calculated as 45,000 cfs, both located at the downstream end of the steep incised section.

I-40 MM 2.5 Pigeon River Gorge

October 26, 2009: The 10/26/2009 rockslide deposited about 50,000 cubic yards of rock blocking all lanes of I-40.  Approximately 310,000 cubic yards of material that remained on the slope has to be stabilized prior to opening all lanes to traffic.   The contract bid to stabilze the slope was approximately $8 million, with the contract to be adminsitered by the NCDOT.   Work to stabilize the slope is still underway with east-bound lanes scheduled to open in the latter part of April, 2010, and westbound lanes expected to open this summer.   (Source of information - NCDOT Geotechnial Unit, Asheville)
Ghost Town-Rich Cove

February 5, 2010: The Ghost Town-Rich Cove retaining wall failure-debris flow occurred about 6:30 p.m. on February 5, 2010 in Rich Cove, Maggie Valley, in Haywood County.  The debris flow deposited approximately 27,000 cubic yards of sediment and vegetative debris along its 3,000 foot-long path ranging from 75-175 feet wide.  There were no serious injuries, but three homes were damaged, one seriously but not reparable.  Until the remaining 26,000-65,000 cubic yards of unstable material that remains on Ghost Town property is removed or stabilized there is a high potential for further damaging slope movements that pose a serious threat to public safety and property.  The Ghost Town Company is bankrupt, and the Town of Maggie Valley secured ~$1.3million in federal funds to stabilize the slope through the Emergency Watershed Protection Program.  As of 4/23/10, the contract has been let, however major site work may not yet be underway.  (Source of information: NCGS)
January 31, 2012: Similar to the event that occurred in October of 2009 though on a smaller scale, a rockslide that occurred on the Tennessse side of the border on the westbound lanes of Interstate 40 forced closure of the road for around a week as DOT crews worked to clean up the debris. One of the major concerns with this slide was that, even after the initial debris was removed from the roadway, officials were hesitant about re-opening the road due to a 1,500 ton boulder that remained perched high above on the slope where the slide occurred. The slide measured about 40 feet high, 40 feet wide, and 15 feet deep. Several days later on February 3, 2012, another slide occurred several miles down the road around mile marker 7 on the North Carolina side of the border. 
Based on these historic events, a landslide event in North Carolina could end up being large enough to create a debris deposit of up to 25,000 cubic yards of material.

Debris Flow/Landslide Hazard Scores

Figure 3-5 represents the relative location of Debris Flow/Landslide hazard vulnerability across the state of North Carolina.  The vulnerability score for each county represents the scope, frequency, intensity, and destructive potential of this hazard and is an indication of future probability based on its relative score to other counties in the state.  

Figure 3-5. Debris Flow/Landslide Hazard Scores by County
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Additional Information

US Geological Survey landslide resource page: http://landslides.usgs.gov/
USGS Landslide Hotline: 1-800-654-4966

North Carolina Geological Survey:  http://www.geology.enr.state.nc.us/
Subsidence
Definition

Land subsidence occurs when large amounts of ground water have been withdrawn from certain types of rocks, such as fine-grained sediments.  The rock compacts because the water is partly responsible for holding the ground up.  When the water is withdrawn, the rock falls in on itself.

Description 

Some instances of land subsidence can be attributed to heavy pumping of ground water from aquifers.  The figure below displays the rate of subsidence at Cove City and the increase in the second interval covered in the leveling runs (from 1968 to 1978) from 0.17 to 0.25 inches per year.  This can be explained by New Bern bringing their Cove City water supply wells on-line in the late 1960s.  Higher rates of land subsidence are associated with higher ground water withdrawal rates.
  Figure 3-6 shows land subsidence rates for selected eastern North Carolina cities.

Figure 3-6. Land Subsidence Rates for Selected Eastern North Carolina Cities

[image: image5.png]infyear

Golistoro Einston

Loeatity
Com City

Hew Benn

ERTESTgN 222!

D 18661975 0r 79





Historical Occurrences 

Subsidence generally takes place over a long period of time and some of the best information on historical occurrences can be found in Figure 3-9 above. This figure shows the rates of subsidence for some of the cities in North Carolina that experience its effects the most. There is currently no other statewide historical information available on subsidence impacts, so in this assessment we assume that subsidence in some areas of the state could be up to around 3 inches in a year.  

Subsidence Hazard Scores

Figure 3-7 represents the relative location of Subsidence hazard vulnerability across the state of North Carolina.  The vulnerability score for each county represents the scope, frequency, intensity, and destructive potential of this hazard and is an indication of future probability based on its relative score to other counties in the state. (The use of cooler colors—such as blues, purples, or greens—on the various hazard score maps presented in this section represents lower hazard vulnerability scores, while warmer colors—yellows, oranges, or reds—represent higher hazard vulnerability scores. This color scheme applies to this map and for comparisons to all of the other individual hazard maps.)

Figure 3-7. Subsidence Hazard Scores by County
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Acidic Soils 

Definition
Acidic soils are soils that have a value of less than 7 on the pH scale of 0 to 14.  General acidic soils values range from 5.5 to 4.5 pH.  Very acidic soils range from 4.5 to 3.5 pH.  Extremely acidic soil range from 3.5 to 3.0 pH.
 In North Carolina, it would be possible to experience acidic soils at 3.5-3.0 pH, however it is most likely that the most likely high level event would be 4.5-3.5 pH.
Description 

Iron sulfide minerals such as pyrite, or “fool’s gold,” are common in many rocks in the Blue Ridge Mountains of North Carolina.  During chemical weathering of the rocks, the interaction of rainwater with the sulfide minerals produces a weak sulfuric acid.  This acidic runoff can adversely affect streams by making the water more acidic (i.e., decreasing the pH).  Uncontrolled runoff from acid-producing rocks can also damage or kill sensitive vegetation.  This acid slowly dissolves concrete and corrodes metal, so it can also damage structures along roads such as bridges, tunnel portals and drain pipes.  Acidic water percolating through fractures and crevices in the rock can accelerate weathering, weakening the rock and making it more susceptible to rock fall and rockslides. 

Human activity such as road construction can expose fresh sulfides to the atmosphere and increase the acid runoff.  Reliable mitigation measures have been developed for highway construction such as neutralizing the runoff by adding lime to embankments made with acidic rock.  The yellow-brown and bright orange stains on bedrock exposed in road cuts usually are the secondary oxides and hydroxide minerals produced from the weathering of iron sulfide minerals.

Historical Occurrences

The Coastal Plain is dominated by low pH values.  Low pH values correspond to the distribution of the Cretaceous Black Creek Formation which contains abundant pyrite.  Road construction in the western mountains region and Piedmont of the state may cross sulfide-bearing strata.  When the sulfide-bearing strata are exposed during road construction, they weather to produce sulfuric acid which may degrade high quality stream waters.  Information like this provides base-level data to assess potential subsequent stream acidification.  Expected acidic conditions assists planners to design routes to minimize sulfide-bearing rocks which contributes to this problem.  Because of the proposed expansion of the road-building program in North Carolina, this information may be more widely used to identify potential problems before property acquisitions occur or routes are selected.  Such data also alerts planners of potential mineralization which may affect route selection.  In some cases, mineralization may result in route changes.

Statewide data collected by the North Carolina Geological Survey as to the locations of high levels of acidity are shown in Figure 3-8 below.
  There is currently no other historical data regarding acidic soil impacts.  

Figure 3-8. Sampled pH of Stream Water
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Acidic Soil Hazard Scores

Figure 3-9 represents the relative location of Acidic Soil hazard vulnerability across the state of North Carolina.  The vulnerability score for each county represents the scope, frequency, intensity, and destructive potential of this hazard and is an indication of future probability based on its relative score to other counties in the state. (The use of cooler colors—such as blues, purples, or greens—on the various hazard score maps presented in this section represents lower hazard vulnerability scores, while warmer colors—yellows, oranges, or reds—represent higher hazard vulnerability scores. This color scheme applies to this map and for comparisons to all of the other individual hazard maps).
Figure 3-9. Acidic Soil Hazard Scores by County
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Geochemical Related
Definition

Geochemical related hazards include arsenic, uranium (radon gas), manganese, and selenium.  While these elements are naturally occurring, they can be detrimental to human health. It is possible that North Carolina could potentially experience any level of geochemical levels described for each of the elements described below.
Description 

Arsenic

Arsenic in ground water is largely the result of minerals dissolving from weathered rocks and soils.  Several types of cancer have been linked to arsenic in water.  In 2001 the US Environmental Protection Agency lowered the maximum level of arsenic permitted in drinking water from 50 micrograms per liter (ug/L) to 10 ug/L.
 

Radon

Radon is derived from the radioactive decay of radium, and it is an extremely toxic, colorless gas.  Radon can be found in the earth and rock beneath homes, in well water, and in building materials.

Manganese

Manganese is the twelfth most common element in the Earth's crust.  It is found in soil, water, plants, and animals, as well as air particles.  Everyday, people are exposed to manganese through their food, air, soil, and water.  The United Sates National Academy of Sciences recommends manganese to be ingested at a level less than 11 mg daily.  People living in an environment close to certain manganese using industries are at risk for a higher manganese exposure because of the airborne particles of the toxin.  Although manganese is an essential micronutrient to humans, at high concentrations it is very toxic to humans and can cause many side effects including manganese poisoning and Parkinson's Disease.  The manganese found in the human body is in the liver, bones, and kidneys.

Selenium

Selenium is a naturally occurring mineral element that is distributed widely in nature in most rocks and soils.  In its pure form, it exists as metallic gray to black hexagonal crystals, but in nature it is usually combined with sulfide minerals or with silver, copper, lead, and nickel minerals.  Selenium functions as an antioxidant and is needed for good health, but exposure to high levels can result in neurological effects and brittle hair and deformed nails.  Occupational inhalation exposure may cause dizziness, fatigue, irritation of mucous membranes, and respiratory effects.  This substance has been found in at least 494 of the 1,585 National Priorities List sites identified by the Environmental Protection Agency (EPA).

Historical Occurrences

Figure 3-10 displays the inflection points in stream sediment and groundwater for the geochemical related hazard elements.
 

Figure 3-10. Geochemical Inflection Point Measurements
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Geochemical Related Hazard Scores

Figure 3-11 represents the relative location of Geochemically-Related hazard vulnerability across the state of North Carolina.  The vulnerability score for each county represents the scope, frequency, intensity, and destructive potential of this hazard and is an indication of future probability based on its relative score to other counties in the state.  (The use of cooler colors—such as blues, purples, or greens—on the various hazard score maps presented in this section represents lower hazard vulnerability scores, while warmer colors—yellows, oranges, or reds—represent higher hazard vulnerability scores. This color scheme applies to this map and for comparisons to all of the other individual hazard maps.)

Figure 3-11. Geochemical Related Hazard Scores by County
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Mine Collapse
Definition

Subsidence, in the context of underground mining, is the lowering of the Earth's surface due to collapse of bedrock and unconsolidated materials (sand, gravel, silt, and clay) into underground mined areas.
 It is difficult to estimate the size of a mine collapse since many sites around the state are not well-documented and no major event has recently occurred in the state. Nevertheless, we estimate that a mine collapse could leave a pit several hundred squre feet in area with depths up to several hundred feet. 
Description 

There are two types of subsidence: (1) pit, also called sinkhole or pothole, and (2) sag or trough. (The term "sinkhole" more properly refers to solution collapse features in limestone.)  Pit subsidence is characterized by an abrupt sinking of the surface, resulting in a circular steep-sided, craterlike feature that has an inward drainage pattern.  It is associated with roof collapse of mines that have total overburden (overlying unconsolidated material and rock) of less than 165 feet, weak roof rock of shale or mudstone, and a ratio of unconsolidated-material thickness to rock thickness of less than 1.2.  Pit subsidence does not occur where the thickness of the unconsolidated overburden is more than 90 feet.  Sag subsidence is a gentle, gradual settling of the surface.  It is associated with pillar crushing or pillar punching (discussed below) of deeper mines (overburden of more than 75 feet).  Sag-subsidence features may fill with water if the surface of the subsidence intersects the water table.  Pit-subsidence features generally do not hold water because the pit drains into the underlying mine.
  Figure 3-12 shows a diagrammatic cross section of typical subsidence resulting from mine-roof collapse.
Figure 3-12. Diagrammatic Cross Section of Typical Subsidence 

Resulting From Mine-roof Collapse (no scale implied)
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Historical Impact 

Subsidence and collapse above abandoned underground mines occurs mainly in the rapidly urbanizing, old gold mining districts of the Piedmont.  Accurately locating the mine workings is difficult, as most underground mining took place during the 18th and 19th centuries and reliable mine maps are rare.
  Through 2012 in North Carolina, there is no record in recent history of a mine collapse where human lives were lost.
Mine Collapse Hazard Scores

Figure 3-13 represents the relative location of Mine Collapse hazard vulnerability across the state of North Carolina.  The vulnerability score for each county represents the scope, frequency, intensity, and destructive potential of this hazard and is an indication of future probability based on its relative score to other counties in the state. (The use of cooler colors—such as blues, purples, or greens—on the various hazard score maps presented in this section represents lower hazard vulnerability scores, while warmer colors—yellows, oranges, or reds—represent higher hazard vulnerability scores. This color scheme applies to this map and for comparisons to all of the other individual hazard maps.)

Figure 3-13. Mine Collapse Hazard Scores by County
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Sinkholes
Definition

A sinkhole is a naturally occurring, roughly circular depression in the land surface, formed most commonly in areas of limestone bedrock.  Limestone is a type of rock composed entirely of the highly reactive mineral calcite (CaCO3), which readily dissolves in the presence of slightly acidic ground water.  In areas of humid climate, rain water percolates downward through the soil cover into openings in the limestone bedrock, gradually dissolving the rock matrix.  Void spaces in the subsurface will eventually form, ranging from microscopic to cavern size.
 In North Carolina, it is possible that a sinkhole could be as large as 25ft by 25 ft with a depth in the range of 15-20 ft. 
Description 

[image: image39.png]Manganese in Stream Sediment

Inflection Point
Mn (ppm})

W s
O 20
W so
O 1o
W 20

Grid Cell Interpolated Thematic
Grid Cell =1.5 miles




In most areas of the southeastern United States, the limestone bedrock is not directly exposed at the surface, but is covered by a variable thickness of sand, silt and clay.  This overburden may bridge subsurface cavities for long periods of time.  Eventually a catastrophic collapse of the overburden into the subsurface cavity may occur, and a sinkhole is formed.  This type of sinkhole is known as a cover collapse sinkhole.  In North Carolina, sinkholes are common features of the outer coastal plain in areas where [image: image40.png]Inflection Point
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the Castle Hayne or River Bend Formations occur at or near the surface.  Most NC sinkholes become flooded and appear as small to medium sized circular lakes.  They can be distinguished from non-sinkhole lakes by the absence of any outflow drainage and lack of relationship to surface drainage systems.  A cover collapse sinkhole is just one end of the sinkhole spectrum.  At the opposite end of the spectrum is the cover subsidence sinkhole, formed where overburden is relatively thin (a few feet to tens of feet).  In this setting, as subsurface solution occurs, the land surface gradually subsides into the void space below, since it lacks the cohesiveness to form a significant "bridge" across the void.  Cover-subsidence sinkholes are often mistaken for other land subsidence features, since they do not form in as spectacular a manner as the cover-collapse sinkhole.  One common indicator of this type of sinkhole is the formation of cracks in nearby buildings or in roads.

Under natural conditions, sinkholes usually form rather slowly, over the course of many years.  However, some human activities can trigger abrupt sinkhole formation, or accelerate processes that have been going on for a long time.  Activities such as dredging, diversion of surface drainage systems, or pumping of ground water can accelerate the natural growth of sinkholes.

Historical Occurrence

In North Carolina, most sinkholes occur in the southern coastal plain.  This is due to the high concentration of limestone in the southern half of the state compared to the relatively sandy soil in the north.  The hazard experts felt strongly that although this hazard has not been a frequently occurring hazard in the past, this particular hazard has great potential for increasing in frequency as the population continues to grow in the coastal areas of North Carolina. Recent examples of this include a sinkhole that was forming under a dam in Hope Mills, NC and a sinkhole in Onslow County that was opened up in the wake of Hurricane Irene. This opinion and these events are reflected in the subsidence hazard score (Figure A:51). 
Sinkhole Hazard Scores

Figure 3-14 represents the relative location of Sink Hole hazard vulnerability across the state of North Carolina.  The vulnerability score for each county represents the scope, frequency, intensity, and destructive potential of this hazard and is an indication of future probability based on its relative score to other counties in the state. (The use of cooler colors—such as blues, purples, or greens—on the various hazard score maps presented in this section represents lower hazard vulnerability scores, while warmer colors—yellows, oranges, or reds—represent higher hazard vulnerability scores. This color scheme applies to this map and for comparisons to all of the other individual hazard maps.)

Figure 3-14. Sinkhole Hazard Scores by County
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Expansive Soil

Definition

Expansive soil is a soil that expands when water is added, and shrinks when it dries out. The subsequent change in volume causes structures to move unevenly and crack.  Clay soils that have the ability to change in volume when the water content of the soil changes are considered expansive or highly plastic.  Expansive clay particles swell by absorbing large amounts of water relative to their volume.  When these particles dry out, they can shrink considerably.  When winter rains fall on the dry, cracked ground, the clays swell; the cracks close; and the ground can heave up as much as several inches in many locations throughout the state.  A soil is commonly considered to have expansive tendencies when its plasticity index (PI) is greater than 25. 
Description

In a virgin soil, the moisture content is frequently at equilibrium.  Any act that disturbs this equilibrium and causes changes in the moisture content of the clay will result in swelling or shrinking.  Construction, excavation, unusual seasonal conditions, or most common, the addition of irrigation water to the soil are examples of acts that can alter the equilibrium.  Trees may damage structures, not only by root uplift, but also by extracting moisture from the soil beneath the foundations, causing the soil to shrink, resulting in settlement of the structure.  Conversely, the removal of a tree may cause an increase in the moisture content, and a subsequent swelling of the soil, by ending the moisture extraction of the tree roots.  Other causes of disturbed moisture equilibrium may be rising water table, perched water (water contained in the soil by surrounding impermeable soils), leaking sewer and domestic water lines, etc.  During drought periods, the soil will dry out to a deeper depth than normal.

The plasticity index, or PI, is an engineering term that measures the difference between a soil’s liquid limit and plastic limit.  The liquid limit is the moisture content at which a soils turns to mud and the plastic limit is the moisture content when it begins to crumble.  The PI is simply the difference in moisture content between the liquid limit and plastic limit.  For example if the liquid limit is 54 percent and the plastic limit is 22 percent, then the PI is 32 percent.  If the moisture content of a soil, in its natural state, is greater than the liquid limit, the soil is considered to be very wet and likely will not be very strong.

Expansive soils cause at least $1 billion damage a year to U.S. homes, and total yearly damage to all types of built facilities could exceed $9 billion.  Large tracts of land, including many productive agricultural soils, contain appreciable amounts of active clay minerals that exhibit shrink-swell behavior in response to changes in soil water content and chemical composition of the soil solution.  In addition to a myriad of engineering problems associated with changes in mechanical properties and trafficability of such land surfaces, hydrologic predictions of flow and transport processes through these surfaces are seriously hampered.  Changes in volume and pore space induced by shrink-swell behavior present a challenge to the development of predictive models for flow and transport, in particular to the development of constitutive hydraulic functions.

Shrink/swell can occur almost instantaneously.  However, most clay soils are very fine grained and do not allow water to pass through them very quickly.  This means that it may take several days or weeks to either dry or saturate to a point that shrink/swell can happen.  Again, this is dependent on the actual make-up of the clay, climate, temperature, and surface drainage.  The magnitude of shrink or swell is dependent on a number of factors.  Those factors that most frequently impact the amount of soil volume change are the amount of clay in the soil, the thickness of the expansive soil zone, the thickness of the active zone and the site climate.  
Historical Occurrences

Although expansive soil is encountered in nearly every state and province of the United States and Canada, the problems related to expansive soil are most severe and widespread in the western and southern regions.  Figure 3-15 shows a map of potential soil swelling in North Carolina.  

Figure 3-15. Map of Potential Soil Swelling Due to Clay-type Soil
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Unit contains abundant clay having high swelling potential
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Part of unit (generally less than 50%) consists of clay having high swelling potential
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Unit contains abundant clay having slight to moderate swelling potential
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Part of unit (generally less than 50%) consists of clay having slight to moderate swelling potential
[image: image17.png]



Unit contains little or no swelling clay
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Data insufficient to indicate clay content of unit and/or swelling potential of clay (Shown in westernmost states only)



Expansive Soil Hazard Scores

Figure 3-16 represents the relative location of Expansive Soil hazard vulnerability across the state of North Carolina.  The vulnerability score for each county represents the scope, frequency, intensity, and destructive potential of this hazard and is an indication of future probability based on its relative score to other counties in the state. (The use of cooler colors—such as blues, purples, or greens—on the various hazard score maps presented in this section represents lower hazard vulnerability scores, while warmer colors—yellows, oranges, or reds—represent higher hazard vulnerability scores. This color scheme applies to this map and for comparisons to all of the other individual hazard maps.)

Figure 3-16. Expansive Soil Hazard Scores by County
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Tornado/Severe Thunderstorm Hazards
Severe Thunderstorm
Definition

According to the National Weather Service, a severe thunderstorm is a thunderstorm which produces tornadoes, hail 0.75 inches or more in diameter, or winds of 50 knots (58 mph) or more.  Structural wind damage may imply the occurrence of a severe thunderstorm.  

Description

Thunderstorms are the result of convection in the atmosphere.  They are typically the by-products of atmospheric instability, which promotes the vigorous rising of air parcels that form cumulus and, eventually, the cumulonimbus (thunderstorm) cloud.  Instability can be caused by either surface heating or upper-tropospheric (~50,000 feet) divergence of air (rising air parcels can also result from airflows over mountainous areas).  Generally, the former “air mass” thunderstorms form on warm-season afternoons and are not severe.  The latter “dynamically-driven” thunderstorms generally form in association with a cold front or other regional-scaled atmospheric disturbance.  These storms can become severe, producing strong winds, frequent lightning, hail, downbursts and even tornadoes.  A typical thunderstorm may be three miles wide at its base, rise to between 40,000 to 60,000 feet in the troposphere, and contain half a million tons of condensed water.
  Conglomerations of thunderstorms along cold fronts (with squall lines) can extend for hundreds of miles.  

Historical Occurrences

Thunderstorms are common throughout North Carolina, and have occurred in all months of the year.  Thunderstorm-related deaths and injuries in North Carolina (1959-1992) have peaked during July and August.  Because severe thunderstorms by definition produce tornadoes, large hail 0.75 inches or more in diameter, or winds of 50 knots (58 mph) or higher, severe thunderstorm events are often reported by the impacting weather it produces.  Therefore, historical severe thunderstorm events are described in the following sections:  torrential rain, hail, thunderstorm wind, and tornadoes.

Severe Thunderstorm Hazard Scores

Figure 3-17 represents the relative location of overall Severe Thunderstorm hazard vulnerability across the state of North Carolina.  The vulnerability score for each county represents the scope, frequency, intensity, and destructive potential of this hazard and is an indication of future probability based on its relative score to other counties in the state.  

Figure 3-17. Severe Thunderstorm Hazard Scores by County
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Severe Thunderstorm—Hail Storm
Definition

Hail is precipitation in the form of odd-shaped icy lumps called hailstones.  Hail falls from thunderstorms that contain strong updrafts and a large supply of super cooled water droplets.
 

Description

A hailstone forms when a small piece of ice is carried through portions of a cumulonimbus cloud that contain different concentrations of supercooled water droplets.  As the ice pellets travel in and out of patches of water droplets, the water instantly freezes to it, forming layers of ice and increasing the hailstone's size.  When it becomes too large and heavy to be supported by the updraft, the hailstone falls out of the cloud.
 
The following map (Figure 3-18) shows the average number of days per year in which hail fell in areas through the Continental United States from 1980 to 1994.
 

Figure 3-18. Hail Distribution from 1980 to 1994
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Historical Occurrences

According to the National Climatic Data Center, twenty-four hail events with hail sizes of at least three inches in diameter were reported in North Carolina between January 1, 1950 and March 28, 2005, which resulted in $605,000 in property and $5,000 in crop damage. Table 3-8 lists the historical occurrences for hailstorms; selected detailed information about several events follows the table.
  No events with hail sizes of at least three inches in diameter were reported since 2005.

Table 3-8. Detailed Severe Thunderstorm—Hail Storm History

	NORTH CAROLINA HAILSTORM EVENTS

	#
	Location/ County
	Date
	Time
	Magnitude
	Deaths
	Injuries
	Property Damage
	Crop Damage

	1
	Gaston
	4/3/1974
	12:00 AM
	4.50 in.
	0
	0
	$0 
	$0 

	2
	Graham
	4/3/1974
	12:00 AM
	3.00 in.
	0
	0
	$0 
	$0 

	3
	Mecklenburg
	4/3/1974
	12:00 AM
	3.00 in.
	0
	0
	$0 
	$0 

	4
	Cumberland
	5/23/1975
	12:00 AM
	3.50 in.
	0
	0
	$0 
	$0 

	5
	Gates
	6/4/1985
	12:00 AM
	3.50 in.
	0
	0
	$0 
	$0 

	6
	Surry
	6/5/1985
	12:00 AM
	3.00 in.
	0
	0
	$0 
	$0 

	7
	Cabarrus
	6/5/1985
	12:00 AM
	4.50 in.
	0
	0
	$0 
	$0 

	8
	Anson
	5/25/1986
	12:00 AM
	3.00 in.
	0
	0
	$0 
	$0 

	9
	Wake
	6/24/1986
	12:00 AM
	3.00 in.
	0
	0
	$0 
	$0 

	10
	Craven
	6/9/1988
	12:00 AM
	3.50 in.
	0
	0
	$0 
	$0 

	11
	Swan Quarter
	5/2/1995
	12:00 AM
	3.50 in.
	0
	0
	$50,000 
	$5,000 

	12
	Kannapolis
	5/7/1998
	7:10 PM
	4.50 in.
	0
	0
	$0 
	$0 

	13
	Troy
	5/27/1998
	6:25 PM
	4.50 in.
	0
	0
	$25,000 
	$0 

	14
	Boone
	6/2/1998
	6:40 PM
	4.00 in.
	0
	0
	$350,000 
	$0 

	15
	Newton
	6/3/1998
	4:18 PM
	4.50 in.
	0
	0
	$0 
	$0 

	16
	Winterville
	6/3/1998
	6:38 PM
	3.00 in.
	0
	0
	$100,000 
	$0 

	17
	Boone
	6/3/1998
	7:35 PM
	3.00 in.
	0
	0
	$0 
	$0 

	18
	Meat Camp
	6/3/1998
	7:40 PM
	3.00 in.
	0
	0
	$0 
	$0 

	19
	Rockyhock
	5/22/2000
	3:55 PM
	3.00 in.
	0
	0
	$40,000 
	$0 

	20
	Morganton
	5/24/2000
	4:57 PM
	4.50 in.
	0
	0
	$0 
	$0 

	21
	Morganton
	5/24/2000
	5:14 PM
	4.50 in.
	0
	0
	$0 
	$0 

	22
	Severn
	5/9/2003
	4:15 PM
	4.25 in.
	0
	0
	$20,000 
	$0 

	23
	Colerain
	5/9/2003
	4:45 PM
	4.25 in.
	0
	0
	$20,000 
	$0 

	24
	Raleigh
	3/28/2005
	7:20 AM
	4.00 in.
	0
	0
	$0 
	$0 


April 1, 2001:  A fast-moving storm with hail, heavy rain and up to 65 mph winds swept through North Carolina.  Hail up to one inch in diameter fell in many parts of the state. The storm toppled trees and caused power outages as it raced eastward across the state from Davidson County to the coast.  One tornado was reported to have touched down near Stella, NC causing some minor damage to two mobile homes and a house.  Wind damage was also reported in Bladen County, which is southeast of Fayetteville.  Damage was also reported in Reedy Creek Township in Davidson County, where straight-line winds destroyed a mobile home.  In Charlotte, three children were reported injured.  Throughout the impacted area, 6,000 people were reported to have lost power.

July 16, 2000:  Severe thunderstorms developed across northeast South Carolina during the mid afternoon and moved slowly north into southeast North Carolina, producing hail ranging in size from 0.75 to 1.75 in diameter across Columbus County.  Other storms developed across southeast North Carolina and also move north, producing hail ranging in size of 0.75 to 2.75 inches and damaging winds across Pender County. A third round of severe weather occurred that evening when additional storms moved southeast across Robeson, Bladen and Columbus counties producing hail ranging from 0.75 to 1.75 inches along with some damaging wind gust.  A total of 13 severe thunderstorm warnings were issued for nine counties in NWS Wilmington's county warning area.  The first report of large hail was received around 3:20 pm as one inch diameter hail fell near Tabor City in Columbus County.  As other storms developed, several other reports of large hail were received with the largest report of 2.75 inches occurring in Penderlea in Pender County around 4:45 pm.  The last report of large hail was received at 9:57 pm when 1.75 inch diameter hail fell in Ashe and Columbus counties.

May 25, 2000:  Severe thunderstorms developed across southeast North Carolina and northeast South Carolina, producing hail up to 4.5 inches in diameter and damaging winds from midafternoon into the evening.  A total of 23 severe thunderstorm and three tornado warnings were issued for 11 counties in NWS Wilmington's county warning area.

The main severe weather threat was large hail as cold air aloft was associated with the upper level low.  
April 28, 2000:  Severe thunderstorms developed across southeast North Carolina, producing hail up to 1.75 inches in diameter from I-95 east to the coast during the mid and late afternoon hours.  A total of 10 severe thunderstorm warnings were issued for six counties in NWS Wilmington's county warning area.  The first report of large hail was received around 2:30 pm as 1.75 inch diameter hail fell just south of Fairmont in Robeson County.  As other storms developed, several reports of dime to quarter sized hail were received from Bladen and Columbus counties.  By 3:30pm, the storms merged into a solid line extending from southern Pender County into Brunswick County.  As this line advanced east, one-inch hail was reported in Leland around 4:30pm and nickel size hail fell in the Myrtle Grove area of New Hanover County before the line moved off the coast.  Widely scattered thunderstorms continued to develop behind this line of storms during the late afternoon hours.  Another round of severe weather occurred across Robeson County as ¾-inch hail fell in Red Springs.  The event ended with a rainbow over New Hanover County.

April 17-18, 2000:  Widespread severe thunderstorms produced hail to 1.5 inches in diameter and wind damage across much of southeast North Carolina and northeast South Carolina Sunday evening and during the early morning hours on Monday.  Before the event would come to an end, severe thunderstorm warnings would be issued for each of the 14 counties in the NWS Wilmington County Warning Area.  Many counties were warned multiple times as round after round of severe storms plowed through.  The event began Sunday afternoon as an isolated storm developed along the sea breeze over Columbus County.  This storm prompted the first warning of the day at 3:42 pm, and 1/2 inch hail was reported near Lake Waccamaw.  

May 6, 1999:  A line of thunderstorms developed ahead of the cold front from the Ohio Valley to the Gulf Coast on May 5th.  These storms moved east overnight and crossed the mountains during the morning on May 6th.  As the storms continued to move east, they strengthened along a trough of low pressure that extended from the Piedmont sections of North Carolina into north central South Carolina.  The storms moved into the eastern sections of the Carolinas during the afternoon and continued to produce severe weather in the form of large hail, damaging winds and isolated tornadoes.

May 7, 1998:  During the evening, thunderstorms developed over southeast North Carolina.  The storms intensified around midnight and quickly became severe producing large hail and a small tornado in the northern sections of Wilmington.  The combination of a favorable wind shear profile, unstable air and the approach of a warm front helped the storms to become severe.  

March 20, 1998:  During the late afternoon, thunderstorms developed over South Carolina.  These storms intensified and became severe as they moved northeast into southeast North Carolina during the evening.  The combination of a favorable wind shear profile, unstable air and the approach of a cold front contributed to the severity of the storms.  Numerous reports of large hail were also received along with a couple of wind damage reports.  In addition, these storms contained very heavy rain and Doppler radar estimated the rainfall amounts between 1 and 2.5 inches.  Between 8:45 and 9:15 PM, these storms produced large hail and damaging winds across Robeson and western Bladen counties of southeast North Carolina.  The largest hail size reported was 1.25 inches at Proctorville in Robeson County.  
August 5, 1997:  During the late afternoon, several severe storms were moving across portions of southeast North Carolina.  The most significant of these turned out to be a storm that first developed over western Columbus County.  While most of the storms on this afternoon were moving almost due east, this storm deviated from this pattern and moved to the northeast throughout its life cycle.  This northeast movement enabled the storm to maximize the energy available in the atmosphere and turn this energy into damaging winds and hail.  The first damage reports came in around 4 pm from the Kelly area of southeast Bladen County where trees were blown down and quarter sized hail fell.  The storm then weakened as it moved across the western sections of Pender County before intensifying again near Piney Woods.  From here, a damage track five miles wide and 20 miles long occurred through the town of Watha northeast toward the Holly Shelter wildlife refuge.  Within in the damage track, hail the size of tennis balls was reported, along with wind speeds estimated well over 60 mph.  Six structures were totally destroyed, 20 sustained major damage, 71 others had minor damage and crops were destroyed.  The total damage estimate to structures and crops is around $3.5 million.
 

May 2, 2003: Hail was reported across much of the western half of Henderson County, and was responsible for major damage to the county's apple crop.

May 10, 2005: Mostly pea size hail, with some stones as large as nickels, accumulated to a depth of 2.5 inches in the Carters Ridge area south of Spruce Pine. Hail also accumulated to a depth of several inches in town. Several buildings received minor damage, mainly water damage due to ice dams developing on roofs and in gutters.

Figure 3-22 below shows the probability of hail falling on days of the year from 1980 to 1999.

[image: image42.png]Uranium in Stream Sediment

Uranium (ppm)

m

o>

B

: 12 =
u

Grid Cell Interpolated Thematic
Grid Cell =1.5 miles




Figure 3-19 Annual Probability of Hail in North Carolina

Severe Thunderstorm—Hail Storm Hazard Scores

Figure 3-20 represents the relative location of Severe Thunderstorm—Hail Storm hazard vulnerability across the state of North Carolina.  The vulnerability score for each county represents the scope, frequency, intensity, and destructive potential of this hazard and is an indication of future probability based on its relative score to other counties in the state.  
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Figure 3-20. Severe Thunderstorm—Hail Storm Hazard Scores by County

Severe Thunderstorm—Torrential Rain
Definition

Torrential rain is any rain that pours down fast, violently, or heavily. 

Description

Torrential rain is most common in the summer months when low-latitude, low pressure systems form in the Atlantic Ocean and the Gulf of Mexico. 

Historical Occurrences

Between September, 1995 and November, 2011, North Carolina reported 254 heavy rain events resulting in 7 injuries and $9,418,000 in reported property damage. Table 3-9 lists these heavy rain events in chronological order
.

Table 3-9. Detailed Severe Thunderstorm—Torrential Rain History

	NORTH CAROLINA SEVERE THUNDERSTORM—TORRENTIAL RAIN EVENTS

	#
	Location/ County
	Date
	Time
	Magnitude
	Deaths
	Injuries
	Property Damage
	Crop Damage

	1
	Wilmington 
	9/7/1995
	 
	 
	 
	 
	$1,000 
	 

	2
	Mecklenburg Co
	4/30/1996
	 
	 
	 
	 
	 
	 

	3
	Union Co
	4/30/1996
	 
	 
	 
	 
	 
	 

	4
	Edenton 
	6/11/1996
	 
	 
	 
	 
	$75,000 
	 

	5
	Highlands 
	8/17/1996
	 
	 
	 
	 
	 
	 

	6
	McDowell Co
	12/1/1996
	 
	 
	 
	 
	 
	 

	7
	Mt Sterling 
	7/1/1997
	 
	 
	 
	3
	$4,000,000 
	 

	8
	Ahoskie, Camden, Currituck, Edenton, Elizabeth City, Gates, Hertford, Jackson, Windsor 
	1/27/1998
	 
	 
	 
	 
	 
	 

	9
	Candler, Albemarle,  Asheboro, Burlington, Clinton, Durham, Fayetteville, Goldsboro, Greensboro, Halifax, Henderson, Hillsborough, Kernersville, Laurinburg, Lexington, Lillington, Louisburg, Oxford, Raeford, Raleigh, Red Oak, Robbins, Rockingham, Roxboro, Sanford, Siler City, Smithfield, Tarboro, Troy, Wadesboro, Warrenton, Wilson
	2/3/1998
	 
	 
	 
	 
	$20,000 
	 

	10
	Ahoskie, Camden, Currituck, Edenton, Elizabeth City, Gates, Hertford, Jackson, Windsor
	2/4/1998
	 
	 
	 
	 
	 
	 

	11
	Aberdeen, Angier, Ansonville, Candor, Chapel Hill, Clayton, Durham, Ellerbe, Elon College, Fayetteville, Franklinton,  Gibson, Goldsboro, Nashville, Pittsboro, Raeford, Raleigh, Roseboro, Sanford, Scotland Neck, Seagrove, Tarboro, Warrenton, Wilson
	2/16/1998
	 
	 
	 
	 
	 
	 

	12
	Greenville
	7/5/1998
	 
	 
	 
	 
	$90,000.00 
	 

	13
	Morehead City
	9/3/1998
	 
	 
	 
	 
	$25,000.00 
	 

	14
	Gatesville, Jackson, Murfreesboro 
	9/1/1999
	 
	 
	 
	 
	 
	 

	15
	Henderson, Jackson, Macon, and Transylvania Counties
	11/25/1999
	 
	 
	 
	 
	 
	 

	16
	Fair Bluff 
	6/3/2000
	 
	 
	 
	1
	$20,000 
	 

	17
	Maiden 
	7/12/2000
	 
	 
	 
	 
	$30,000 
	 

	18
	Wilmington 
	9/18/2000
	 
	 
	 
	2
	$5,000 
	 

	19
	Indian Trail 
	6/16/2001
	 
	 
	 
	 
	 
	 

	20
	Newland 
	7/8/2001
	 
	 
	 
	 
	 
	 

	21
	Lenoir 
	7/10/2001
	 
	 
	 
	 
	 
	 

	22
	Arden 
	8/7/2001
	 
	 
	 
	 
	$25,000 
	 

	23
	Sylva 
	8/7/2001
	 
	 
	 
	 
	 
	 

	24
	Marshall, Macon Co, Swain Co
	6/4/2002
	 
	 
	 
	 
	 
	 

	25
	103 Sunshine 
	7/4/2002
	 
	 
	 
	 
	 
	 

	26
	Avery, Buncombe, Graham, Haywood, Macon, Madison, and Swain Counties
	12/19/2002
	 
	 
	 
	 
	 
	 

	27
	Spruce Pine
	2/22/2003
	 
	 
	 
	 
	 
	 

	28
	Barnardsville
	2/22/2003
	 
	 
	 
	 
	 
	 

	29
	Cullowhee
	4/5/2003
	 
	 
	 
	 
	 
	 

	30
	Cleveland County
	4/6/2003
	 
	 
	 
	 
	 
	 

	31
	Gaston County 
	4/6/2003
	 
	 
	 
	 
	 
	 

	32
	Lincoln County 
	4/6/2003
	 
	 
	 
	 
	 
	 

	33
	Shelby
	4/10/2003
	 
	 
	 
	 
	 
	 

	34
	Salisbury
	4/26/2003
	 
	 
	 
	 
	 
	 

	35
	Charlotte Douglas Airport
	5/15/2003
	 
	 
	 
	 
	$20,000 
	 

	36
	Hendersonville
	6/15/2003
	 
	 
	 
	 
	 
	 

	37
	White Oak
	7/2/2003
	 
	 
	 
	 
	 
	 

	38
	Lumberton
	7/13/2003
	 
	 
	 
	 
	 
	 

	39
	Bladenboro
	7/17/2003
	 
	 
	 
	 
	 
	 

	40
	Concord
	7/18/2003
	 
	 
	 
	 
	 
	 

	41
	Charlotte  
	7/19/2003
	 
	 
	 
	 
	 
	 

	42
	Hickory
	7/29/2003
	 
	 
	 
	 
	 
	 

	43
	Charlotte  
	7/29/2003
	 
	 
	 
	 
	 
	 

	44
	Hickory
	8/5/2003
	 
	 
	 
	 
	$50,000 
	 

	45
	Gastonia
	8/14/2003
	 
	 
	 
	 
	 
	 

	46
	Tabor City
	8/16/2003
	 
	 
	 
	 
	 
	 

	47
	Fairview
	8/16/2003
	 
	 
	 
	 
	 
	 

	48
	Lake Lure
	8/22/2003
	 
	 
	 
	 
	 
	 

	49
	China Grove
	8/31/2003
	 
	 
	 
	 
	$100,000 
	 

	50
	Henderson County 
	9/22/2003
	 
	 
	 
	 
	 
	 

	51
	Jackson County 
	9/22/2003
	 
	 
	 
	 
	 
	 

	52
	Transylvania County 
	9/22/2003
	 
	 
	 
	 
	 
	 

	53
	Lincolnton
	5/9/2004
	 
	 
	 
	 
	 
	 

	54
	Marion
	5/23/2004
	 
	 
	 
	 
	 
	 

	55
	Southern Mecklenburg County 
	6/8/2004
	 
	 
	 
	 
	 
	 

	56
	Lake Lure
	6/14/2004
	 
	 
	 
	 
	 
	 

	57
	Arden
	6/15/2004
	 
	 
	 
	 
	 
	 

	58
	Shelby
	6/16/2004
	 
	 
	 
	 
	 
	 

	59
	Monroe
	6/23/2004
	 
	 
	 
	 
	 
	 

	60
	Lincolnton
	6/30/2004
	 
	 
	 
	 
	 
	 

	61
	Leland
	7/3/2004
	 
	 
	 
	 
	 
	 

	62
	Tabor City
	7/3/2004
	 
	 
	 
	 
	 
	 

	63
	Mars Hill
	7/25/2004
	 
	 
	 
	 
	 
	 

	64
	Lincolnton
	7/26/2004
	 
	 
	 
	 
	 
	 

	65
	Hiddenite
	7/27/2004
	 
	 
	 
	 
	$1,000 
	 

	66
	Wilmington
	7/29/2004
	 
	 
	 
	 
	 
	 

	67
	Mocksville
	8/12/2004
	 
	 
	 
	 
	 
	 

	68
	Statesville
	8/12/2004
	 
	 
	 
	 
	 
	 

	69
	Lincolnton
	8/12/2004
	 
	 
	 
	 
	 
	 

	70
	Charlotte  
	8/12/2004
	 
	 
	 
	 
	 
	 

	71
	Wilmington
	8/15/2004
	 
	 
	 
	 
	 
	 

	72
	Wilmington
	9/1/2004
	 
	 
	 
	 
	 
	 

	73
	Wilmington
	9/1/2004
	 
	 
	 
	 
	 
	 

	74
	Murraysville
	9/1/2004
	 
	 
	 
	 
	 
	 

	75
	Leland
	9/1/2004
	 
	 
	 
	 
	 
	 

	76
	Castle Hayne
	9/10/2004
	 
	 
	 
	 
	 
	 

	77
	Wilmington
	9/10/2004
	 
	 
	 
	 
	 
	 

	78
	Leland
	9/10/2004
	 
	 
	 
	 
	 
	 

	79
	Wilmington
	9/14/2004
	 
	 
	 
	 
	 
	 

	80
	Hampstead
	9/14/2004
	 
	 
	 
	 
	 
	 

	81
	Boiling Springs
	12/10/2004
	 
	 
	 
	 
	$350,000 
	 

	82
	Valdese
	6/19/2005
	 
	 
	 
	 
	 
	 

	83
	Columbus
	6/28/2005
	 
	 
	 
	 
	 
	 

	84
	Marion
	7/7/2005
	 
	 
	 
	 
	 
	 

	85
	Wilmington
	7/13/2005
	 
	 
	 
	 
	 
	 

	86
	Marshall
	8/3/2005
	 
	 
	 
	 
	 
	 

	87
	Sylva
	8/13/2005
	 
	 
	 
	 
	 
	 

	88
	Charlotte
	8/14/2005
	 
	 
	 
	 
	$10,000 
	 

	89
	Masonboro
	8/19/2005
	 
	 
	 
	 
	 
	 

	90
	Masonboro
	8/19/2005
	 
	 
	 
	 
	 
	 

	91
	Charlotte  
	8/23/2005
	 
	 
	 
	 
	 
	 

	92
	Chadbourn
	8/23/2005
	 
	 
	 
	 
	$150,000 
	 

	93
	Whiteville
	8/23/2005
	 
	 
	 
	 
	 
	 

	94
	Wilmington
	8/23/2005
	 
	 
	 
	 
	 
	 

	95
	Wilmington
	8/23/2005
	 
	 
	 
	 
	 
	 

	96
	Fairmont
	10/6/2005
	 
	 
	 
	 
	 
	 

	97
	Hampstead
	10/7/2005
	 
	 
	 
	 
	$100,000 
	 

	98
	Shallotte
	10/7/2005
	 
	 
	 
	 
	$1,000,000 
	 

	99
	Wilmington
	10/7/2005
	 
	 
	 
	 
	$1,500,000 
	 

	100
	Wilmington
	11/21/2005
	 
	 
	 
	 
	$1,000 
	 

	101
	Saluda
	6/26/2006
	 
	 
	 
	 
	 
	 

	102
	Salisbury
	6/26/2006
	 
	 
	 
	 
	 
	 

	103
	Goldsboro 
	7/23/2006
	 
	 
	 
	 
	 
	 

	104
	Mecklenburg
	11/15/2006
	2300
	 
	0
	0
	$0 
	$0 

	105
	Mecklenburg
	11/21/2006
	2230
	 
	0
	0
	$0 
	$0 

	106
	Union
	11/21/2006
	2100
	 
	0
	0
	$0 
	$0 

	107
	Alamance
	11/22/2006
	1000
	 
	0
	0
	$0 
	$0 

	108
	Anson
	11/22/2006
	830
	 
	0
	0
	$0 
	$0 

	109
	Anson
	11/22/2006
	1045
	 
	0
	0
	$0 
	$0 

	110
	Chatham
	11/22/2006
	915
	 
	0
	0
	$0 
	$0 

	111
	Chatham
	11/22/2006
	1430
	 
	0
	0
	$0 
	$0 

	112
	Durham
	11/22/2006
	1000
	 
	0
	0
	$0 
	$0 

	113
	Harnett
	11/22/2006
	820
	 
	0
	0
	$0 
	$0 

	114
	Harnett
	11/22/2006
	1100
	 
	0
	0
	$0 
	$0 

	115
	Johnston
	11/22/2006
	1100
	 
	0
	0
	$0 
	$0 

	116
	Mecklenburg
	11/22/2006
	700
	 
	0
	0
	$0 
	$0 

	117
	Montgomery
	11/22/2006
	1045
	 
	0
	0
	$0 
	$0 

	118
	Moore
	11/22/2006
	1045
	 
	0
	0
	$0 
	$0 

	119
	Richmond
	11/22/2006
	1045
	 
	0
	0
	$0 
	$0 

	120
	Sampson
	11/22/2006
	1100
	 
	0
	0
	$0 
	$0 

	121
	Scotland
	11/22/2006
	1100
	 
	0
	0
	$0 
	$0 

	122
	Stanly
	11/22/2006
	1045
	 
	0
	0
	$0 
	$0 

	123
	Stanly
	11/22/2006
	1130
	 
	0
	1
	$0 
	$0 

	124
	Wake
	11/22/2006
	915
	 
	0
	0
	$0 
	$0 

	125
	Wake
	11/22/2006
	1044
	 
	0
	0
	$0 
	$0 

	126
	Wayne
	11/22/2006
	845
	 
	0
	0
	$0 
	$0 

	127
	Wayne
	11/22/2006
	1100
	 
	0
	0
	$0 
	$0 

	128
	Onslow
	1/7/2007
	 
	 
	 
	 
	 
	 

	129
	Craven
	7/10/2007
	1315
	 
	0
	0
	$0 
	$0 

	130
	Macon
	7/26/2007
	2000
	 
	0
	0
	$100,000 
	$0 

	131
	New Hanover
	8/27/2007
	1440
	 
	0
	0
	 
	 

	132
	Carteret
	9/9/2007
	1200
	 
	0
	0
	$0 
	$0 

	133
	Bertie
	10/24/2007
	1200
	 
	0
	0
	$0 
	$0 

	134
	Camden
	10/24/2007
	1200
	 
	0
	0
	$0 
	$0 

	135
	Chowan
	10/24/2007
	1200
	 
	0
	0
	$0 
	$0 

	136
	Currituck
	10/24/2007
	1200
	 
	0
	0
	$0 
	$0 

	137
	Gates
	10/24/2007
	1200
	 
	0
	0
	$0 
	$0 

	138
	Hertford
	10/24/2007
	1200
	 
	0
	0
	$0 
	$0 

	139
	Northampton
	10/24/2007
	1200
	 
	0
	0
	$0 
	$0 

	140
	Pasquotank
	10/24/2007
	1200
	 
	0
	0
	$0 
	$0 

	141
	Perquimans
	10/24/2007
	1200
	 
	0
	0
	$0 
	$0 

	142
	Bladen
	4/5/2008
	1400
	 
	0
	0
	 
	 

	143
	New Hanover
	5/11/2008
	1115
	 
	0
	0
	$0 
	$0 

	144
	New Hanover
	6/22/2008
	1436
	 
	0
	0
	 
	 

	145
	New Hanover
	6/22/2008
	1520
	 
	0
	0
	 
	 

	146
	Buncombe
	8/26/2008
	1700
	 
	0
	0
	$10,000 
	$0 

	147
	Rutherford
	8/26/2008
	700
	 
	0
	0
	$10,000 
	$0 

	148
	Bertie
	9/6/2008
	400
	 
	0
	0
	$0 
	$0 

	149
	Gates
	9/6/2008
	400
	 
	0
	0
	$0 
	$0 

	150
	Hertford
	9/6/2008
	400
	 
	0
	0
	$0 
	$0 

	151
	Northampton
	9/6/2008
	400
	 
	0
	0
	$0 
	$0 

	152
	Cabarrus 
	9/17/2008
	 
	 
	 
	 
	 
	 

	153
	Mecklenburg
	9/17/2008
	 
	 
	 
	 
	 
	 

	154
	New Hanover
	9/25/2008
	1900
	 
	0
	0
	$0 
	$0 

	155
	Bertie
	12/10/2008
	2200
	 
	0
	0
	$0 
	$0 

	156
	Camden
	12/10/2008
	2200
	 
	0
	0
	$0 
	$0 

	157
	Chowan
	12/10/2008
	2200
	 
	0
	0
	$0 
	$0 

	158
	Currituck
	12/10/2008
	2200
	 
	0
	0
	$0 
	$0 

	159
	Gates
	12/10/2008
	2200
	 
	0
	0
	$0 
	$0 

	160
	Hertford
	12/10/2008
	2200
	 
	0
	0
	$0 
	$0 

	161
	Northampton
	12/10/2008
	2200
	 
	0
	0
	$0 
	$0 

	162
	Pasquotank
	12/10/2008
	2200
	 
	0
	0
	$0 
	$0 

	163
	Cumberland
	12/11/2008
	1730
	 
	0
	0
	$1,500,000 
	$0 

	164
	Wake
	12/11/2008
	1603
	 
	0
	0
	$0 
	$0 

	165
	Wayne
	12/11/2008
	1825
	 
	0
	0
	$0 
	$0 

	166
	Cabarrus
	1/6/2009
	1700
	 
	0
	0
	$0 
	$0 

	167
	Macon
	1/6/2009
	1930
	 
	0
	0
	$0 
	$0 

	168
	Madison
	5/16/2009
	2100
	 
	0
	0
	 
	 

	169
	Cleveland
	5/26/2009
	1800
	 
	0
	0
	 
	 

	170
	Buncombe
	5/27/2009
	530
	 
	0
	0
	 
	 

	171
	Gaston
	5/27/2009
	1930
	 
	0
	0
	 
	 

	172
	Caldwell
	5/28/2009
	1535
	 
	0
	0
	 
	 

	173
	Robeson
	6/5/2009
	2008
	 
	0
	0
	 
	 

	174
	New Hanover
	7/6/2009
	1900
	 
	0
	0
	 
	 

	175
	Cumberland
	8/3/2009
	1837
	 
	0
	0
	$0 
	$0 

	176
	Robeson
	8/14/2009
	2225
	 
	0
	0
	 
	 

	177
	Brunswick
	8/16/2009
	1730
	 
	0
	0
	 
	 

	178
	Macon
	9/20/2009
	700
	 
	0
	0
	 
	 

	179
	New Hanover
	9/22/2009
	345
	 
	0
	0
	$5,000 
	$0 

	180
	Pender
	9/22/2009
	900
	 
	0
	0
	$0 
	$0 

	181
	Bertie
	11/11/2009
	1200
	 
	0
	0
	$0 
	$0 

	182
	Camden
	11/11/2009
	1200
	 
	0
	0
	$0 
	$0 

	183
	Chowan
	11/11/2009
	1200
	 
	0
	0
	$0 
	$0 

	184
	Currituck
	11/11/2009
	1200
	 
	0
	0
	$0 
	$0 

	185
	Gates
	11/11/2009
	1200
	 
	0
	0
	$0 
	$0 

	186
	Hertford
	11/11/2009
	1200
	 
	0
	0
	$0 
	$0 

	187
	New Hanover
	11/11/2009
	1250
	 
	0
	0
	 
	 

	188
	Northampton
	11/11/2009
	1200
	 
	0
	0
	$0 
	$0 

	189
	Pasquotank
	11/11/2009
	1200
	 
	0
	0
	$0 
	$0 

	190
	Pender
	11/11/2009
	1900
	 
	0
	0
	 
	 

	191
	Perquimans
	11/11/2009
	1200
	 
	0
	0
	$0 
	$0 

	192
	Rutherford
	11/11/2009
	700
	 
	0
	0
	 
	 

	193
	Brunswick
	12/2/2009
	1330
	 
	0
	0
	 
	 

	194
	Burke
	12/2/2009
	1630
	 
	0
	0
	$0 
	$0 

	195
	New Hanover
	12/2/2009
	1230
	 
	0
	0
	 
	 

	196
	New Hanover
	12/2/2009
	1314
	 
	0
	0
	 
	 

	197
	New Hanover
	12/2/2009
	1400
	 
	0
	0
	 
	 

	198
	Polk
	1/25/2010
	0
	 
	0
	0
	$70,000 
	$0 

	199
	Bertie
	3/29/2010
	100
	 
	0
	0
	$0 
	$0 

	200
	Camden
	3/29/2010
	100
	 
	0
	0
	$0 
	$0 

	201
	Chowan
	3/29/2010
	100
	 
	0
	0
	$0 
	$0 

	202
	Currituck
	3/29/2010
	100
	 
	0
	0
	$0 
	$0 

	203
	Gates
	3/29/2010
	100
	 
	0
	0
	$0 
	$0 

	204
	Hertford
	3/29/2010
	100
	 
	0
	0
	$0 
	$0 

	205
	Northampton
	3/29/2010
	100
	 
	0
	0
	$0 
	$0 

	206
	Pasquotank
	3/29/2010
	100
	 
	0
	0
	$0 
	$0 

	207
	Perquimans
	3/29/2010
	100
	 
	0
	0
	$0 
	$0 

	208
	Jackson
	5/28/2010
	1345
	 
	0
	0
	 
	 

	209
	Forsyth
	6/2/2010
	1745
	 
	0
	0
	$0 
	$0 

	210
	New Hanover
	6/2/2010
	1300
	 
	0
	0
	 
	 

	211
	New Hanover
	6/2/2010
	1300
	 
	0
	0
	 
	 

	212
	Scotland
	6/25/2010
	2015
	 
	0
	0
	$0 
	$0 

	213
	Robeson
	7/27/2010
	1145
	 
	0
	0
	 
	 

	214
	Pender
	8/22/2010
	1830
	 
	0
	0
	$0 
	$0 

	215
	Beaufort
	9/27/2010
	0
	 
	0
	0
	$0 
	$0 

	216
	Beaufort
	9/27/2010
	0
	 
	0
	0
	$0 
	$0 

	217
	Brunswick
	9/27/2010
	930
	 
	0
	0
	 
	 

	218
	Brunswick
	9/27/2010
	930
	 
	0
	0
	 
	 

	219
	Brunswick
	9/27/2010
	1335
	 
	0
	0
	$0 
	$0 

	220
	Brunswick
	9/27/2010
	1335
	 
	0
	0
	$0 
	$0 

	221
	Brunswick
	9/27/2010
	1342
	 
	0
	0
	$0 
	$0 

	222
	Brunswick
	9/27/2010
	1420
	 
	0
	0
	 
	 

	223
	Brunswick
	9/27/2010
	1440
	 
	0
	0
	 
	 

	224
	Carteret
	9/27/2010
	0
	 
	0
	0
	$0 
	$0 

	225
	Carteret
	9/27/2010
	0
	 
	0
	0
	$0 
	$0 

	226
	Craven
	9/27/2010
	0
	 
	0
	0
	$0 
	$0 

	227
	Craven
	9/27/2010
	0
	 
	0
	0
	$0 
	$0 

	228
	Duplin
	9/27/2010
	0
	 
	0
	0
	$0 
	$0 

	229
	Duplin
	9/27/2010
	0
	 
	0
	0
	$0 
	$0 

	230
	Lenoir
	9/27/2010
	0
	 
	0
	0
	$0 
	$0 

	231
	Lenoir
	9/27/2010
	0
	 
	0
	0
	$0 
	$0 

	232
	Martin
	9/27/2010
	0
	 
	0
	0
	$0 
	$0 

	233
	Martin
	9/27/2010
	0
	 
	0
	0
	$0 
	$0 

	234
	New Hanover
	9/27/2010
	1410
	 
	0
	0
	 
	 

	235
	New Hanover
	9/27/2010
	1419
	 
	0
	0
	 
	 

	236
	New Hanover
	9/27/2010
	1817
	 
	0
	0
	$150,000 
	$0 

	237
	Onslow
	9/27/2010
	0
	 
	0
	0
	$0 
	$0 

	238
	Onslow
	9/27/2010
	0
	 
	0
	0
	$0 
	$0 

	239
	Pamlico
	9/27/2010
	0
	 
	0
	0
	$0 
	$0 

	240
	Pamlico
	9/27/2010
	0
	 
	0
	0
	$0 
	$0 

	241
	Pitt
	9/27/2010
	0
	 
	0
	0
	$0 
	$0 

	242
	Pitt
	9/27/2010
	0
	 
	0
	0
	$0 
	$0 

	243
	Bertie
	9/29/2010
	800
	 
	0
	0
	$0 
	$0 

	244
	Camden
	9/29/2010
	800
	 
	0
	0
	$0 
	$0 

	245
	Chowan
	9/29/2010
	800
	 
	0
	0
	$0 
	$0 

	246
	Currituck
	9/29/2010
	800
	 
	0
	0
	$0 
	$0 

	247
	Gates
	9/29/2010
	800
	 
	0
	0
	$0 
	$0 

	248
	Hertford
	9/29/2010
	800
	 
	0
	0
	$0 
	$0 

	249
	Northampton
	9/29/2010
	800
	 
	0
	0
	$0 
	$0 

	250
	Pasquotank
	9/29/2010
	800
	 
	0
	0
	$0 
	$0 

	251
	Perquimans
	9/29/2010
	800
	 
	0
	0
	$0 
	$0 

	252
	Pitt
	6/27/2011
	1552
	 
	0
	0
	$0 
	$0 

	253
	Gates
	8/29/2011
	1433
	 
	0
	0
	$0 
	$0 

	254
	Transylvania
	11/28/2011
	1245
	 
	0
	0
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Figure 3-21. Precipitation Map of the March 20-21, 2003 Heavy Rain Event

Severe Thunderstorm—Torrential Rain Hazard Scores

Figure 3-22 represents the relative location of Severe Thunderstorm—Torrential Rain hazard vulnerability across the state of North Carolina.  The vulnerability score for each county represents the scope, frequency, intensity, and destructive potential of this hazard and is an indication of future probability based on its relative score to other counties in the state. (The use of cooler colors—such as blues, purples, or greens—on the various hazard score maps presented in this section represents lower hazard vulnerability scores, while warmer colors—yellows, oranges, or reds—represent higher hazard vulnerability scores. This color scheme applies to this map and for comparisons to all of the other individual hazard maps.)

Figure 3-22. Severe Thunderstorm—Torrential Rain Hazard Scores by County
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Severe Thunderstorm—Thunderstorm Wind
Definition

Thunderstorm winds are winds arising from convection (with or without lighting), with speeds of at least 58 mph, or winds of any speed producing a fatality, injury or damage.  Downbursts (including dry or wet micro bursts) are also considered thunderstorm wind events.
  

Description

Damaging wind from thunderstorms is much more common than damage from tornadoes.  In fact, many confuse damage produced by “straight-line” winds and often erroneously attribute it to tornadoes.  Wind speeds can reach up to 100 mph (161 km/h) with a damage path extending from hundreds of miles.

Several factors contribute to damaging winds at the surface.  As precipitation begins to fall, it drags some of the air with it.  This “precipitation drag” initiates a downdraft.  The downdraft is intensified by evaporative cooling as drier air from the edges of the storm mix with the cloudy air within the storm. 

Also, some of the strong winds aloft are carried down with the downdraft by a process called “momentum transfer”.  These processes lead to a rapid downward rush of air.  As the air impacts the ground it is forced to spread out laterally, causing the gusty and sometimes damaging winds associated with thunderstorms.

Historical Occurrences

According to the National Climatic Data Center (NCDC),  approximately 7,656 severe thunderstorm wind events were reported between January, 1950 and December, 2011 resulting in 2 fatalities and 6 injuries. A total of statewide losses were reported as $11,345,699.00 dollars of property damage and $44,055,000.00 dollars of crop damage. Table 3-10 shows the number of recorded events by county.

Table 3-10. Detailed Severe Thunderstorm—Wind Events by County

	NORTH CAROLINA SEVERE THUNDERSTORM—WIND EVENTS

	County
	Number of recorded events (1950-2011)

	Alamance
	75

	Alexander
	56

	Alleghany
	28

	Anson
	49

	Ashe
	47

	Avery
	33

	Beaufort
	58

	Bertie
	51

	Bladen
	106

	Brunswick 
	88

	Buncombe
	99

	Burke
	94

	Cabarrus
	109

	Caldwell 
	72

	Camden 
	15

	Carteret 
	93

	Caswell
	55

	Catawba
	144

	Chatham 
	84

	Cherokee
	84

	Chowan
	35

	Clay
	33

	Cleveland 
	111

	Columbus 
	116

	Craven
	94

	Cumberland 
	128

	Currituck
	27

	Dare
	97

	Davidson
	96

	Davie 
	69

	Duplin
	101

	Durham 
	93

	Edgecombe
	59

	Forsyth
	102

	Franklin 
	80

	Gaston
	135

	Gates
	32

	Graham
	46

	Granville
	59

	Greene
	52

	Guilford 
	143

	Halifax 
	61

	Harnett
	109

	Haywood
	46

	Henderson 
	78

	Hertford
	42

	Hoke
	49

	Hyde
	55

	Iredell
	122

	Jackson 
	62

	Johnston 
	155

	Jones
	35

	Lee
	43

	Lenoir
	81

	Lincoln 
	73

	Macon 
	45

	Madison 
	53

	Martin
	44

	McDowell
	68

	Mecklenburg 
	201

	Mitchell
	23

	Montgomery 
	32

	Moore 
	90

	Nash
	96

	New Hanover
	108

	Northampton 
	54

	Onslow
	110

	Orange 
	75

	Pamlico
	17

	Pasquotank
	58

	Pender
	86

	Perquimans
	29

	Person
	57

	Pitt
	110

	Polk
	50

	Randolph 
	88

	Richmond 
	47

	Robeson
	149

	Rockingham
	129

	Rowan
	151

	Rutherford 
	115

	Sampson
	113

	Scotland 
	46

	Stanly
	72

	Stokes
	75

	Surry
	122

	Swain
	37

	Transylvania 
	46

	Tyrrell
	26

	Union 
	126

	Vance
	47

	Wake
	195

	Warren 
	50

	Washington 
	37

	Watauga
	49

	Wayne 
	131

	Wilkes
	96

	Wilson 
	73

	Yadkin
	47

	Yancey
	24

	Total
	7,656


Severe Thunderstorm—Thunderstorm Wind Hazard Scores

Figure 3-23 represents the relative location of Severe Thunderstorm—Thunderstorm Wind hazard vulnerability across the state of North Carolina.  The vulnerability score for each county represents the scope, frequency, intensity, and destructive potential of this hazard and is an indication of future probability based on its relative score to other counties in the state. (The use of cooler colors—such as blues, purples, or greens—on the various hazard score maps presented in this section represents lower hazard vulnerability scores, while warmer colors—yellows, oranges, or reds—represent higher hazard vulnerability scores. This color scheme applies to this map and for comparisons to all of the other individual hazard maps.)

Figure 3-23. Severe Thunderstorm—Thunderstorm Wind Hazard Scores by County

[image: image23.jpg]North Carolina Risk Assessment:
Severe Thunderstorm - Thunderstorm Wind
Hazard Scores by County

. _@megs
e T e
i e X2
?éw&%&w@ﬁqgﬁiﬁa





Severe Thunderstorm—Lightning
Definition

Lightning is an electrical discharge that results from the buildup of positive and negative charges within a thunderstorm.  When the buildup becomes strong enough, lightning appears as a bolt.  This flash of light usually occurs within the clouds or between the clouds and the ground.  A bolt of lightning reaches a temperature approaching 50,000 degrees Fahrenheit in a split second.  The rapid heating and cooling of air near the lightning causes thunder.
 

Figure 3-24 shows four different types of lightning—a)sprites, b) cloud-to-ground, c) intracloud, and d) intercloud. 

Figure 3-24. Types of Lightning
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              Photo Courtesy Lawrence Livermore National Laboratory 

Lightning always accompanies thunderstorms.  Lightning is the most dangerous and frequently encountered weather hazard that most people experience each year.  It is the second most frequent killer in the United States, with nearly 100 deaths and 500 injuries each year.  (Floods and flash floods are the number one cause of weather related deaths in the United States.)
 

Description

North Carolina ranks third in the nation in number of lightning-related deaths, and fourth in lightning-related injuries. From 1959 through 1997, lightning caused 169 deaths in North Carolina: 36 in open places or ballparks; 25 under trees; 22 while boating, fishing or other water-related activity; eight on golf courses; one while using the telephone; and 71 at various other and unknown locations. From 1959 through 1997, there were 550 reported lightning-related injuries.
 

Historical Occurrences

Between January, 1993 and September, 2011, North Carolina reported 659 lightning events to the National Climatic Data Center.  28 fatalities and 272 injuries were reported statewide. Approximately $47.5 million dollars in property damage and $2.1 million dollars in crop damage were attributed to these lightning events.
.  Table 3-11 summarizes lightning events by county.

Table 3-11. Summary of Severe Thunderstorm—Lightning Events by County

	NORTH CAROLINA SEVERE THUNDERSTORM—LIGHTNING EVENTS

	County
	# of Occurrences
	Deaths
	Injuries
	Property Damage
	Crop Damage

	ALAMANCE
	7
	0
	3
	$145,000
	 

	ALEXANDER
	6
	0
	0
	$65,000 
	 

	ALLEGHANY
	6
	0
	0
	$86,000 
	0

	ANSON
	2
	0
	0
	$85,000 
	0

	ASHE
	1
	0
	0
	$1,000
	0

	AVERY
	2
	0
	6
	$1,000
	0

	BEAUFORT
	2
	
	
	$102,000
	0

	BERTIE
	1
	
	
	$17,000
	0

	BLADEN
	11
	0
	1
	$111,000
	0

	BRUNSWICK
	15
	2
	1
	$492,000
	0

	BUNCOMBE
	14
	0
	7
	$305,000
	 

	BURKE
	12
	0
	14
	$145,000
	0

	CABARRUS
	7
	0
	1
	$395,000
	 

	CALDWELL
	8
	0
	9
	$220,000
	0

	CAMDEN
	0
	
	
	 
	 

	CARTERET
	3
	1
	2
	$5,000
	0

	CASWELL
	3
	0
	2
	$150,000
	0

	CATAWBA
	21
	0
	6
	$465,000
	0

	CHATHAM
	0
	
	
	 
	 

	CHEROKEE
	0
	
	
	 
	 

	CHOWAN
	0
	
	
	 
	 

	CLAY
	0
	
	
	 
	 

	CLEVELAND
	27
	0
	4
	$961,000
	$2,000,000

	COLUMBUS
	12
	2
	3
	$396,000
	0

	CRAVEN
	4
	2
	3
	 
	 

	CUMBERLAND
	16
	0
	11
	$1,351,000
	0

	CURRITUCK
	3
	0
	0
	$34,000
	0

	DARE
	6
	2
	6
	$42,000
	0

	DAVIDSON
	11
	0
	3
	$1,180,000
	0

	DAVIE
	2
	0
	1
	$60,000
	 

	DUPLIN
	0
	
	
	 
	 

	DURHAM
	8
	1
	1
	$58,000
	0

	EDGECOMBE
	1
	
	
	$25,000
	 

	FORSYTH
	3
	0
	0
	$225,000
	0

	FRANKLIN
	3
	1
	1
	$20,000
	0

	GASTON
	19
	0
	7
	$518,000
	0

	GATES
	2
	0
	2
	$5,000
	0

	GRAHAM
	1
	
	
	 
	 

	GRANVILLE
	4
	0
	1
	$430,000
	0

	GREENE
	0
	
	
	 
	 

	GUILFORD
	13
	1
	1
	$2,167,400
	0

	HALIFAX
	2
	0
	1
	$2,000
	 

	HARNETT
	4
	0
	1
	$101,000
	0

	HAYWOOD
	5
	0
	1
	$113,000
	 

	HENDERSON
	16
	0
	20
	$160,000
	0

	HERTFORD
	0
	
	
	 
	 

	HOKE
	3
	0
	0
	$60,000
	0

	HYDE
	0
	
	
	 
	 

	IREDELL
	21
	1
	13
	$1,010,000
	0

	JACKSON
	14
	1
	10
	$2,630,000
	0

	JOHNSTON
	8
	0
	1
	$200,000
	0

	JONES
	0
	
	
	 
	 

	LEE
	2
	0
	0
	$120,000
	0

	LENOIR
	1
	
	
	$30,000
	 

	LINCOLN
	10
	0
	3
	$970,000
	0

	MACON
	14
	0
	1
	$1,820,000
	$20,000

	MADISON
	3
	1
	0
	$210,000
	 

	MARTIN
	0
	
	
	 
	 

	MCDOWELL
	5
	0
	2
	$135,000
	 

	MECKLENBURG
	39
	3
	6
	$3,585,000
	0

	MITCHELL
	2
	1
	5
	$1,000
	 

	MONTGOMERY
	3
	0
	0
	$10,000
	0

	MOORE
	10
	2
	1
	$571,000
	0

	NASH
	5
	0
	32
	$720,000
	 

	NEW HANOVER
	24
	1
	15
	$552,000
	0

	NORTHAMPTON
	2
	0
	0
	$4,000
	0

	ONSLOW
	6
	0
	0
	$2,062,500
	0

	ORANGE
	6
	2
	1
	$2,380,000
	0

	PAMLICO
	1
	0
	0
	$6,000,000
	0

	PASQUOTANK
	1
	0
	2
	 
	 

	PENDER
	8
	1
	4
	$57,000
	0

	PERQUIMANS
	3
	0
	0
	$66,000
	0

	PERSON
	2
	
	
	$210,000
	 

	PITT
	3
	0
	0
	$151,000
	0

	POLK
	4
	0
	6
	$150,000
	 

	RANDOLPH
	6
	0
	6
	$33,000
	0

	RICHMOND
	0
	
	
	 
	 

	ROBESON
	2
	0
	2
	$356,500
	0

	ROCKINGHAM
	9
	0
	5
	$2,628,000
	 

	ROWAN
	13
	0
	2
	$349,000
	0

	RUTHERFORD
	15
	0
	7
	$444,000
	0

	SAMPSON
	4
	0
	1
	$983,000
	0

	SCOTLAND
	3
	0
	7
	$205,000
	0

	STANLY
	4
	0
	3
	$105,000
	0

	STOKES
	4
	0
	1
	$100,000
	 

	SURRY
	16
	0
	3
	$763,000
	0

	SWAIN
	0
	
	
	 
	 

	TRANSYLVANIA
	11
	0
	6
	$825,000
	0

	TYRRELL
	0
	
	
	 
	 

	UNION
	18
	0
	4
	$1,251,000
	$50,000

	VANCE
	3
	0
	1
	$510,000
	 

	WAKE
	28
	2
	0
	$2,652,000
	0

	WARREN
	1
	
	
	$25,000
	 

	WASHINGTON
	0
	
	
	 
	 

	WATAUGA
	7
	0
	1
	$721,000
	 

	WAYNE
	12
	1
	1
	$407,000
	 

	WILKES
	10
	
	
	$616,000
	 

	WILSON
	2
	
	
	$35,000
	 

	YADKIN
	7
	
	
	$134,000
	 

	YANCEY
	1
	0
	1
	 
	 


 Severe Thunderstorm—Lightning Hazard Scores

Figure 3-25 represents the relative location of Severe Thunderstorm—Lightning hazard vulnerability across the state of North Carolina.  The vulnerability score for each county represents the scope, frequency, intensity, and destructive potential of this hazard and is an indication of future probability based on its relative score to other counties in the state.  (The use of cooler colors—such as blues, purples, or greens—on the various hazard score maps presented in this section represents lower hazard vulnerability scores, while warmer colors—yellows, oranges, or reds—represent higher hazard vulnerability scores. This color scheme applies to this map and for comparisons to all of the other individual hazard maps.)

Figure 3-25. Severe Thunderstorm—Lightning Hazard Scores by County
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Tornado
Definition

A tornado is a violently rotating column of air in contact with the ground and extending from the base of a thunderstorm.
  A condensation funnel does not need to reach to the ground for a tornado to be present; a debris cloud beneath a thunderstorm is all that is needed to confirm the presence of a tornado, even in the total absence of a condensation funnel.

It is spawned by a thunderstorm (or sometimes as a result of a hurricane) and produced when cool air overrides a layer of warm air, forcing the warm air to rise rapidly.  The damage from a tornado is a result of the high wind velocity and wind-blown debris.
 

Description

The intensity, path length and width of tornadoes are rated according to a scale developed by T. Theodore Fujita and Allen D. Pearson.  The Fujita-Pearson Tornado Scale is presented in Table 3-12. Tornadoes classified as F0-F1 are considered weak tornadoes; those classified as F2-F3 are considered strong, while those classified as F4-F5 are considered violent.  

Table 3-12. Fujita-Pearson Tornado Scale

	FUJITA TORNADO SCALE

	F-Scale
	Intensity
	Wind Speed
	Type of Damage Done

	F0
	Gale Tornado
	40–72 mph
	Some damage to chimneys; breaks branches off trees; pushes over shallow-rooted trees; damages sign boards

	F1
	Moderate Tornado
	73–112 mph
	Peels surface off roofs; mobile homes pushed off foundations or overturned; moving autos pushed off roads

	F2
	Significant Tornado
	113–157 mph
	Considerable damage.  Roofs torn off frame houses; mobile homes demolished; boxcars pushed over; large trees snapped or uprooted; light object missiles generated

	F3
	Severe Tornado
	158–206 mph
	Roof and some walls torn off well constructed houses; trains overturned; most trees in forests uprooted

	F4
	Devastating Tornado
	207–260 mph
	Well-constructed houses leveled; structures with weak foundations blown off some distance; cars thrown and large missiles generated

	F5
	Incredible Tornado
	261–318 mph
	Strong frame houses lifted off foundations and carried considerable distances to disintegrate; automobile sized missiles fly through the air in excess of 100 meters; trees debarked; steel re-enforced concrete structures badly damaged


Tornadoes come from the energy released in a thunderstorm.  As powerful as they are, tornadoes account for only a tiny fraction of the energy in a thunderstorm.  What makes them dangerous is that their energy is concentrated in a small area, perhaps only a hundred yards across. 

It is generally believed that tornadic wind speeds can be as high as 300 mph in the most violent tornadoes.  Wind speeds that high can cause automobiles to become airborne, rip ordinary homes to shreds, and turn broken glass and other debris into lethal missiles.  The biggest threat to living creatures (including humans) from tornadoes is from flying debris and from being tossed about in the wind.
 

Tornadoes are usually preceded by very heavy rain and, possibly, hail.  If hail falls from a thunderstorm, it is an indication that the storm has large amounts of energy and may be severe.  In general, the larger the hailstones, the more potential for damaging thunderstorm winds and/or tornadoes.
 

A key point to remember is this: the size of a tornado is not necessarily an indication of its intensity.  Large tornadoes can be weak, and small tornadoes can be violent.  Another consideration is the stage in the life cycle of the tornado.  A “small” tornado may have been larger, and is at the “shrinking” stage of its life cycle.  Large tornadoes can also be strong and small tornadoes can be weak.

Historical Occurrences

Between January, 1950 and December, 2011, 1,126 tornadoes were reported in North Carolina which resulted in 130 fatalities, 2,533 injuries, and $1,654,128,777 dollars in damage.  416 (37%) were classified F0, 450 (40%) were classified F1, 187 (17%) were classified as F2, 52 (5%) were classified as F3, 27 (2%) were classified as F4. There have been no recorded F5 tornados NC.
  The counties with the most reported tornadoes are Carteret (54), Onslow (38), Robeson (33), Dare (32), Wake (29) and Duplin (27) Counties. Table 3-13 summarizes the tornado events by F Scale by county.

Table 3-13. Tornado History Summary By County

	NORTH CAROLINA TORNADO HISTORY SUMMARY BY COUNTY

	County
	Number of events (1950-2011)
	Magnitude  (Fujita Scale)
	Maximum F Scale
	Fatalities
	Injuries
	Damage

	
	
	
	
	
	
	

	
	
	F0
	F1
	F2
	F3
	F4
	F5
	
	
	
	

	Alamance
	5
	 
	5
	 
	 
	 
	 
	1
	 
	1
	$880,000 

	Alexander
	6
	3
	2
	1
	 
	 
	 
	2
	 
	 
	$1,550,000 

	Alleghany
	1
	 
	1
	 
	 
	 
	 
	1
	 
	1
	$250,000 

	Anson
	4
	1
	2
	1
	 
	 
	 
	2
	 
	5
	$2,525,000 

	Ashe
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	$0 

	Avery
	1
	 
	1
	 
	 
	 
	 
	2
	 
	1
	$25,000 

	Beaufort
	22
	6
	8
	8
	 
	 
	 
	2
	1
	25
	$6,834,000 

	Bertie
	21
	5
	8
	4
	5
	 
	 
	3
	18
	92
	$2,529,277 

	Bladen
	16
	5
	6
	3
	2
	 
	 
	3
	13
	71
	$30,000,000 

	Brunswick 
	20
	13
	6
	1
	 
	 
	 
	2
	 
	 
	$758,000 

	Buncombe
	6
	1
	5
	 
	 
	 
	 
	1
	 
	 
	$1,025,000 

	Burke
	4
	2
	1
	1
	 
	 
	 
	2
	 
	 
	$325,000 

	Cabarrus
	10
	3
	7
	 
	 
	 
	 
	1
	 
	3
	$2,646,000 

	Caldwell 
	7
	2
	2
	2
	 
	1
	 
	4
	 
	3
	$1,700,000 

	Camden 
	2
	2
	 
	 
	 
	 
	 
	0
	 
	 
	$0 

	Carteret 
	54
	33
	16
	5
	 
	 
	 
	2
	 
	8
	$8,510,000 

	Caswell
	5
	2
	2
	1
	 
	 
	 
	2
	 
	3
	$912,000 

	Catawba
	12
	2
	6
	3
	 
	1
	 
	4
	 
	6
	$26,129,000 

	Chatham 
	9
	4
	3
	2
	 
	 
	 
	2
	 
	 
	$400,000 

	Cherokee
	7
	3
	3
	 
	 
	1
	 
	4
	4
	26
	$25,175,000 

	Chowan
	9
	3
	4
	1
	1
	 
	 
	3
	 
	 
	$325,000 

	Clay
	4
	1
	3
	 
	 
	 
	 
	1
	 
	 
	$53,000 

	Cleveland 
	15
	6
	6
	1
	1
	1
	 
	4
	 
	36
	$26,269,000 

	Columbus 
	21
	6
	8
	5
	2
	 
	 
	3
	8
	39
	$5,875,000 

	Craven
	28
	17
	7
	3
	1
	 
	 
	3
	 
	48
	$8,045,000 

	Cumberland 
	21
	7
	6
	4
	2
	2
	 
	4
	5
	169
	$131,853,000 

	Currituck
	7
	4
	3
	 
	 
	 
	 
	1
	 
	2
	$315,000 

	Dare
	33
	17
	11
	4
	1
	 
	 
	3
	1
	19
	$5,196,000 

	Davidson
	10
	3
	7
	1
	 
	 
	 
	2
	2
	17
	$200,581,000 

	Davie 
	4
	4
	 
	 
	 
	 
	 
	0
	 
	 
	$28,000 

	Duplin
	29
	4
	10
	12
	2
	1
	 
	4
	 
	86
	$34,143,000 

	Durham 
	6
	2
	1
	3
	 
	 
	 
	2
	 
	5
	$28,125,000 

	Edgecombe
	6
	 
	3
	 
	3
	 
	 
	3
	 
	8
	$575,000 

	Forsyth
	13
	3
	4
	3
	3
	 
	 
	3
	 
	56
	$83,300,000 

	Franklin 
	9
	1
	5
	2
	 
	1
	 
	4
	 
	24
	$26,625,000 

	Gaston
	9
	2
	7
	 
	 
	 
	 
	1
	1
	11
	$3,131,000 

	Gates
	4
	2
	1
	 
	1
	 
	 
	3
	2
	10
	$2,580,000 

	Graham
	1
	 
	 
	1
	 
	 
	 
	2
	2
	11
	$250,000 

	Granville
	6
	 
	3
	3
	 
	 
	 
	2
	 
	2
	$3,353,000 

	Greene
	12
	5
	3
	1
	2
	1
	 
	4
	7
	 
	$56,727,000 

	Guilford 
	11
	1
	10
	1
	 
	 
	 
	2
	 
	2
	$681,000 

	Halifax 
	9
	1
	4
	3
	 
	1
	 
	4
	 
	12
	$4,300,000 

	Harnett
	22
	7
	10
	4
	1
	 
	 
	3
	1
	34
	$17,411,000 

	Haywood
	1
	 
	1
	 
	 
	 
	 
	1
	 
	 
	$250,000 

	Henderson 
	3
	 
	3
	 
	 
	 
	 
	1
	 
	 
	$278,000 

	Hertford
	13
	2
	6
	5
	 
	 
	 
	2
	1
	14
	$32,410,000 

	Hoke
	10
	6
	2
	2
	 
	 
	 
	2
	1
	6
	$806,000 

	Hyde
	16
	8
	6
	2
	 
	 
	 
	2
	 
	4
	$1,537,000 

	Iredell
	14
	4
	9
	1
	 
	 
	 
	2
	 
	3
	$4,456,000 

	Jackson 
	2
	1
	 
	1
	 
	 
	 
	2
	 
	 
	$250,000 

	Johnston 
	8
	2
	5
	1
	1
	 
	 
	3
	 
	79
	$27,528,000 

	Jones
	13
	7
	2
	3
	1
	 
	 
	3
	1
	13
	$7,600,000 

	Lee
	4
	1
	1
	1
	1
	 
	 
	3
	2
	36
	$57,025,000 

	Lenoir
	25
	8
	13
	2
	1
	1
	 
	4
	 
	57
	$57,834,000 

	Lincoln 
	11
	4
	5
	1
	 
	1
	 
	4
	4
	19
	$25,638,000 

	Macon 
	4
	1
	3
	 
	 
	 
	 
	1
	 
	 
	$253,000 

	Madison 
	4
	 
	4
	 
	 
	 
	 
	1
	 
	5
	$525,000 

	Martin
	15
	9
	4
	1
	1
	 
	 
	3
	 
	9
	$938,500 

	McDowell
	3
	2
	 
	1
	 
	 
	 
	2
	 
	 
	$502,000 

	Mecklenburg 
	19
	5
	9
	5
	 
	 
	 
	2
	 
	19
	$3,906,000 

	Mitchell
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	$0 

	Montgomery 
	7
	3
	3
	1
	 
	 
	 
	2
	 
	7
	$2,778,000 

	Moore 
	15
	6
	7
	2
	 
	 
	 
	2
	 
	3
	$3,313,000 

	Nash
	13
	4
	4
	3
	1
	1
	 
	4
	2
	23
	$7,878,000 

	New Hanover
	15
	7
	8
	 
	 
	 
	 
	1
	 
	5
	$721,000 

	Northampton 
	14
	7
	3
	3
	 
	1
	 
	4
	 
	18
	$6,583,000 

	Onslow
	39
	24
	12
	3
	1
	 
	 
	3
	3
	53
	$15,272,000 

	Orange 
	8
	4
	2
	1
	1
	 
	 
	3
	2
	15
	$503,000 

	Pamlico
	14
	9
	2
	2
	1
	 
	 
	3
	1
	45
	$5,777,000 

	Pasquotank
	13
	5
	2
	5
	1
	 
	 
	3
	 
	28
	$3,581,000 

	Pender
	27
	15
	8
	4
	 
	 
	 
	2
	3
	31
	$2,057,000 

	Perquimans
	8
	2
	4
	2
	 
	 
	 
	2
	1
	1
	$478,000 

	Person
	7
	2
	2
	3
	 
	 
	 
	2
	 
	2
	$1,153,000 

	Pitt
	25
	12
	9
	2
	1
	1
	 
	4
	9
	164
	$29,184,000 

	Polk
	1
	 
	1
	 
	 
	 
	 
	1
	 
	 
	$25,000 

	Randolph 
	14
	2
	7
	4
	1
	 
	 
	3
	1
	6
	$4,350,000 

	Richmond 
	3
	1
	1
	 
	1
	 
	 
	3
	 
	 
	$250,000 

	Robeson
	36
	12
	16
	5
	 
	3
	 
	4
	6
	329
	$9,058,000 

	Rockingham
	7
	 
	6
	 
	1
	 
	 
	3
	2
	29
	$34,535,000 

	Rowan
	9
	1
	7
	1
	 
	 
	 
	2
	 
	3
	$1,383,000 

	Rutherford 
	6
	2
	2
	1
	 
	1
	 
	4
	 
	 
	$328,000 

	Sampson
	13
	2
	3
	3
	3
	2
	 
	4
	14
	202
	$61,253,000 

	Scotland 
	11
	2
	3
	1
	2
	3
	 
	4
	 
	24
	$6,275,000 

	Stanly
	11
	2
	5
	4
	 
	 
	 
	2
	 
	1
	$8,391,000 

	Stokes
	5
	1
	4
	 
	 
	 
	 
	1
	 
	15
	$403,000 

	Surry
	6
	 
	6
	 
	 
	 
	 
	1
	 
	3
	$2,250,000 

	Swain
	2
	 
	1
	1
	 
	 
	 
	2
	 
	 
	$253,000 

	Transylvania 
	3
	1
	1
	1
	 
	 
	 
	2
	 
	 
	$300,000 

	Tyrrell
	13
	4
	6
	3
	 
	 
	 
	2
	 
	3
	$1,545,000 

	Union 
	18
	4
	7
	5
	1
	1
	 
	4
	1
	26
	$29,141,000 

	Vance
	4
	3
	 
	1
	 
	 
	 
	2
	 
	 
	$10,900,000 

	Wake
	31
	14
	9
	6
	1
	1
	 
	4
	7
	213
	$369,784,000 

	Warren 
	5
	3
	 
	2
	 
	 
	 
	2
	 
	 
	$510,000 

	Washington 
	9
	4
	2
	3
	 
	 
	 
	2
	 
	6
	$950,000 

	Watauga
	2
	1
	1
	 
	 
	 
	 
	1
	 
	2
	$70,000 

	Wayne 
	19
	7
	7
	3
	1
	1
	 
	4
	4
	159
	$52,988,000 

	Wilkes
	7
	1
	5
	 
	1
	 
	 
	3
	 
	 
	$1,678,000 

	Wilson 
	10
	6
	1
	2
	2
	 
	 
	3
	 
	16
	$3,980,000 

	Yadkin
	8
	 
	8
	 
	 
	 
	 
	1
	 
	1
	$350,000 

	Yancey
	2
	 
	2
	 
	 
	 
	 
	1
	 
	 
	$250,000 

	North Carolina 
	1,126
	416
	450
	187
	52
	27
	0
	 
	130
	2,533
	$   1,654,128,777 


August 13, 2004: The remnants of Tropical Storm Bonnie produced a tornado that touched down just south of Rocky Point and moved northeast, causing F0-F2 damage in the amount of $1.3 million, three deaths and 29 injuries. Damage (F0) was first observed near West Strawberry Lane, with roof damage to a couple of structures. The tornado crossed I-40, just southeast of Rocky Point. It then tracked across Martin Marietta Access Road, causing f0-f1 tree damage. The tornado intensified to f1-f2 as it moved into a small community along Hwy 210. Significant damage occurred on Clayton Lane, Nixon Avenue, and Pickett Road. The tornado reached peak intensity as it moved across Cart Wheel Road, where several homes were completely leveled. It continued to track northeast, with F1 tree damage. The tornado crossed the Northeast Cape Fear River and finally dissipated near Shaw Highway, approximately one mile north of Hwy 210. The following is a summary of damage from Pender County Emergency Management. 17 homes destroyed 25 other homes suffered major damage 34 other homes suffered minor damage two businesses suffered major damage one business suffered minor damage.  Also, in Bath, an emergency manager reported 24 homes and a church sustained damage from a weak tornado which was on the ground for two miles.

August 14, 2004: Twenty structures were damaged in Nags Head on the Outer Banks. Tropical Storm Charley moved northeast across the Coastal Plains of Eastern North Carolina during the afternoon hours causing $225,000 in property damage.  Five weak tornadoes were reported across the area associated with Charley with damage reported. The most significant damage related to a tornado occurred along the Outer Banks in Nags Head.

September 7, 2004: Tornadoes impacted three counties, causing over $1 million in damage.  At 12:38pm a tornado touched down near Old Steak Rd and moved north through Evergreen. The tornado caused spotty damage as it continued to Boardman, and then crossed into Robeson county. Three homes/businesses were destroyed and four others were damaged, totaling $700,000 in damage.  At 2:53pm a tornado downed many trees and caused damage to four homes, with one shed destroyed, resulting in $200,000 in damage two miles miles North West of Marietta in Robeson County.  At 10:48am a tornado moved north from South Carolina, and produced widespread damage to trees and power lines along its two-mile path across the southwest corner of Mecklenburg County resulting in $150,000 in damage. The roof of a well-constructed home was blown off, and several other homes incurred shingle damage. A sheet of wallboard was torn off a garage wall and blown away. There was additional damage to automobiles and homes due to fallen trees.

November 19, 2006: At approximately 6:30 am, an F3 tornado with up to 200mph winds impacted a mobile home park in the Riegelwood area in Columbus County. There were eight fatalities, 19 injuries, at least 13 destroyed homes, roughly 100 people displaced from their homes, and over $500,000 in property damage.

May 27, 2008 Tornadoes impacted Bertie and Onlsow Counties destroying over a dozen homes.

November 17, 2008 Tornadoes impacted Wilson and Johnston Counties.

March 28, 2010 Tornadoes impacted Guilford and Davidson Counties resulting in a state disaster declaration and an SBA declaration.

April 16, 2011 Southeast Tornado Outbreak: One of the largest tornado outbreaks ever observed across eastern North Carolina occurred during the afternoon and evening of April 16th 2011. Several powerful super-cell thunderstorms developed ahead of an approaching cold front as a squall line that earlier descended the Blue Ridge, rapidly intensified as it moved east into the central Piedmont of North Carolina. Conditions ahead of the front were favorable for tornadoes with a moderately unstable atmosphere combined with strong winds that veered with height and produced four long live tornadic supercells that evolved from the linear convective segment. These tornadic supercells went on to produce damage in 38 counties.  The tornadoes left 24 dead with approximately 442 injuries. These tornadoes combined to produce over $1.5 billion dollars in damages statewide. 
Of all tornadoes reported in North Carolina between 1953 and 1990, 71 percent have been classified as weak, 28 percent as strong, and about one percent as violent.  Weak tornadoes have caused three percent of North Carolina tornado deaths, similar to the national figure.  Strong tornadoes were responsible for 49 percent of North Carolina deaths (versus 30 percent nationwide), while violent tornadoes caused 48 percent of North Carolina deaths, compared to 70 percent for the nation.  Based on state tornado statistics, North Carolina ranks 22nd in the United States for total number of tornadoes and 18th in tornado deaths for the period 1953-1995.
 

Although tornadoes have been reported in North Carolina throughout the year, most of them have occurred in the spring, with 13 percent in March, 11 percent in April, 22 percent in May and 14 percent in June.  The most severe tornadoes have also taken place during the spring, with more than half of all F2 or strongest storms occurring in that time period.  Figure 3-26 shows the historical tornado locations for North Carolina according to their recorded maximum intensity.

Figure 3-26.  Historical Tornado Locations in North Carolina, 1950 – 2006
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The frequency of occurrence per square mile by climate division is provided in Table 3-14 below. 

Table 3-14. Tornado Density by Climate Division

	TORNADO DENSITY BY CLIMATE DIVISION

	Climate Division
	Value (*1,000)
	
	Climate Division
	Value (*1,000)

	1
	5.70
	
	5
	14.51

	2
	5.42
	
	6
	15.26

	3
	7.87
	
	7
	14.66

	4
	11.32
	
	8
	14.56


Tornado Hazard Scores

Figure 3-27 represents the relative location of Tornado hazard vulnerability across the state of North Carolina.  The vulnerability score for each county represents the scope, frequency, intensity, and destructive potential of this hazard and is an indication of future probability based on its relative score to other counties in the state. (The use of cooler colors—such as blues, purples, or greens—on the various hazard score maps presented in this section represents lower hazard vulnerability scores, while warmer colors—yellows, oranges, or reds—represent higher hazard vulnerability scores. This color scheme applies to this map and for comparisons to all of the other individual hazard maps.)

Figure 3-27. Tornado Hazard Scores by County
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Tornado—Waterspout 
Definition

Waterspouts are rotating columns of air similar in appearance to that of the tornado.  They develop over warm ocean currents during unstable conditions or as cold front boundaries pass over the ocean.  Because they are over the ocean, they do not pick up debris, but water spray is observed at the base.
  Waterspouts last approximately fifteen to twenty minutes, and few last more than a half hour.

The vortex or funnel of a waterspout usually develops at the water surface and builds skyward.  While the thin-columned waterspouts appear to be sucking water up from the water surface, what is actually seen is the condensation of water vapor in the rotating vortex air.  As the column rotates, the highly humid air is cooled by expansion to its condensation point.  When the water vapor in the vortex condenses, it makes the whirling mass visible.  At the surface, the vortex winds stir the water into mushroom-shaped water sprays at the funnel base.

Description

Waterspouts most often form in the regions of high water temperatures in the Gulf of Mexico, through the Florida Straits to the Bahamas and then northward up the US East Coast, following the Gulf Stream.  They are most common during the summer in very warm, subtropical waters, especially near island chains such as the Florida Keys.

Like tornadoes, waterspouts often form in families.  Ships at sea have reported as many as thirty in one day and as many as nine have been seen forming in a 90-minute period under the same cloud line.  Due to the slow movement of waterspouts and their high visibility, however, ships are usually able to steer clear of them. 

Historical Occurrences

Table 3-15 lists waterspout events in chronological order.  
Table 3-15. Detailed Tornado—Waterspout History

	NORTH CAROLINA TORNADO—WATERSPOUT EVENTS

	#
	Event
	Duration
	Location
	Severity
	Extent of Damages

	1
	Waterspout
	??/??/1812
	Bald Head Lighthouse
	 
	 

	2
	Waterspout

	06/06/1987
	Hatteras Island
	 
	$800,000 at Buxton

	3
	Waterspout

	07/24/2002
	Brunswick Co
	 
	 

	4
	Waterspout

	08/26/2002
	Dare Co, 1.5 miles east of Avon
	 
	 

	5
	Waterspout

	04/17–18/2000
	Three miles off Sunset Beach
	 
	 


Tornado—Waterspout Hazard Scores

Figure 3-28 represents the relative location of Tornado—Waterspout hazard vulnerability across the state of North Carolina.  The vulnerability score for each county represents the scope, frequency, intensity, and destructive potential of this hazard and is an indication of future probability based on its relative score to other counties in the state.  (The use of cooler colors—such as blues, purples, or greens—on the various hazard score maps presented in this section represents lower hazard vulnerability scores, while warmer colors—yellows, oranges, or reds—represent higher hazard vulnerability scores. This color scheme applies to this map and for comparisons to all of the other individual hazard maps.)

Figure 3-28. Tornado—Waterspout Hazard Scores by County
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High Wind
Definition

High wind is defined as an event with sustained wind speeds of 40 mph or greater lasting for one hour or longer or an event with winds of 58 mph or greater for any duration.

Description

High-wind events frequently affect multiple jurisdictions, extending horizontally for hundreds of miles.  The duration of the event ranges from about four hours up to two to three days, usually with nocturnal lulls.  The storms occur mainly during the late winter and early spring, when pressure gradients are extreme and soils are bare.  They worsen during the late morning and become the most intense during the late afternoon, when atmospheric mixing is most pronounced.
 

Historical Occurrences

The prevailing winds in North Carolina come generally from the southwest for 10 months of the year, and from the northeast during September and October.  The average wind speed is about eight to 10 miles per hour; however, winds along the coast can exceed 100 miles per hour when hurricanes strike.
 For a history of high wind events, see historical occurrences for Thunderstorm Wind, Tornado, and Hurricane. 

High Wind Hazard Scores

Figure 3-29 represents the relative location of High Wind hazard vulnerability across the state of North Carolina.  The vulnerability score for each county represents the scope, frequency, intensity, and destructive potential of this hazard and is an indication of future probability based on its relative score to other counties in the state. (The use of cooler colors—such as blues, purples, or greens—on the various hazard score maps presented in this section represents lower hazard vulnerability scores, while warmer colors—yellows, oranges, or reds—represent higher hazard vulnerability scores. This color scheme applies to this map and for comparisons to all of the other individual hazard maps.)

Figure 3-29. High Wind Hazard Scores by County
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Fog

Definition

Fog consists of water droplets suspended in the air at the Earth’s surface.  Fog reduces visibility to values equal to or below regionally established values for dense fog (usually 1/4 mile or less) and significantly impacts transportation or commerce.

Description

Fog may occur when the moisture content of the air is increased beyond the saturation point.  For example, fog usually results from the evaporation of warm water into cold air, which occurs when cold air streams over a warm water surface (steam fog) or when a warm rain falls through a layer of cold air near the ground (frontal fog).  Fog also occurs when the air is cooled below the dew point.  Fog may be caused by radiation of heat from the ground during a windless, cloudless cool night (radiation fog); by the flow of warm air over a cold land or water surface (advection fog); or by air ascending a slope and cooling by expansion (upslope fog).
 
Historical Occurrences
Table 3-16 lists the reported fog events from January 1997 to March 2011, which resulted in a total of one fatality, 21 injuries and $49,000 dollars in damage.

Table 3-16. Detailed Fog History
	North Carolina Fog Events

	#
	Event
	Duration
	Location (County)
	Severity
	Extent of Damages

	1
	Fog
	01/31/1997
	Alexander, Burke, Caldwell, Catawba, Cleveland, Gaston, Lincoln, McDowell, Polk, Rutherford 
	 
	 

	2
	Fog
	10/06/1998
	Watauga 
	 
	$3,000

	3
	Dense Fog
	11/08/1998
	Henderson, Jackson, Transylvania
	 
	 

	4
	Dense Fog
	11/10/1998
	Alexander, Burke, Caldwell, Catawba, Davie, Iredell, McDowell, Rowan
	 
	 

	5
	Fog
	12/13/1999
	Alexander, Burke, Cabarrus, Caldwell, Catawba, Cleveland, Davie, Gaston, Iredell, Lincoln, Union, McDowell, Mecklenburg, Polk, Rowan, Rutherford, 
	 
	 

	6
	Fog
	04/13/2000
	McDowell 
	Fatalities: 1

Injuries: 14
	 

	7
	Fog
	09/07/2000
	Haywood, Jackson
	 
	 

	8
	Dense Fog
	12/14/2000
	Catawba, Rutherford 
	 
	 

	9
	Dense Fog
	01/13/2001
	Henderson
	 
	 

	10
	Dense Fog
	01/15/2001
	Buncombe
	 
	 

	11
	Dense Fog
	01/18/2001
	Cabarrus
	 
	 

	12
	Fog
	11/29/2001
	Brunswick
	Injuries: 2
	$6,000

	13
	Fog
	12/16/2005
	Alexander, Avery, Buncombe, Burke, Caldwell, Catawba, Cleveland, Davie, Gaston, Henderson, Iredell, Lincoln, McDowell, Polk, Rowan, Rutherford, Southern Jackson, Transylvania 
	 
	 

	14
	Dense Fog
	3/30/2011
	Watauga
	Injuries: 5
	$40,000


March 30, 2011: Dense valley fog formed along the crest of the Blue Ridge Mountains during the morning hours and lingered into the afternoon in many locations. The fog helped to contribute to two vehicle accidents. Two vehicles collided in dense fog at the intersection of U.S. 421 and Old U.S. 421 near Deep Gap around noon Eastern Standard Time after one vehicle ran a red light. Another accident occurred in dense around 12:10 pm Eastern Standard Time at the intersection of U.S. 421 and U.S. 221 when one vehicle turned in the path of another. In total, five people were injured.
Fog Hazard Scores
Figure 3-30 represents the relative location of Fog hazard vulnerability across the state of North Carolina.  The vulnerability score for each county represents the scope, frequency, intensity, and destructive potential of this hazard and is an indication of future probability based on its relative score to other counties in the state. (The use of cooler colors—such as blues, purples, or greens—on the various hazard score maps presented in this section represents lower hazard vulnerability scores, while warmer colors—yellows, oranges, or reds—represent higher hazard vulnerability scores. This color scheme applies to this map and for comparisons to all of the other individual hazard maps.)

Figure 3-30. Fog Hazard Scores by County
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Infectious Disease Hazard
This hazard was eliminated from this section of the plan as it is not effectively a natural hazard. As a result, we determined that it would be better addressed in the technological hazards annex to this plan which provides useful information on other types of hazards that might affect the state.

Lesser Hazard Score Results
The natural hazard definitions, descriptions, historical occurrences, and scoring system results above provide a detailed and comprehensive view of the identified lesser hazards that could occur in North Carolina.  In total, there are twenty-one identified lesser hazards in the four hazard groups.  Although the maps for each hazard are extremely useful as background information on each hazard in terms of its scope, frequency of occurrence, intensity, and destructive potential, it is also possible to aggregate the scores for the hazards in each group to determine the score for the hazard groups as a whole.  The maps that follow are the composite scores for each group (excluding infectious disease hazards) and are useful in streamlining the information load of the above sections.  These composite maps are normalized by the number of hazards in each group; therefore, the scores below have undergone an averaging effect, resulting in lower scores than may be found in the individual hazard score maps.  It is important to reference each hazard score map individually if there are specific questions about a particular individual hazard.  The regions described in the following sections are displayed and defined in precious sections of this deocument. 

Dam Failure Hazard Group Results
There is only one hazard within the dam failure hazard group (see Dam Failure Hazard section above).  It was not necessary to normalize the scores for this group due to the use of the single dam failure hazard, which was already on a 0–625 scale.  However, this map provides detailed information on which areas are the most susceptible to the occurrence of dam failure hazards.  The dam failure hazard scores are highest in North Carolina within the Piedmont region of the state.  The Piedmont 5 region, in particular, is extremely susceptible to this hazard, with the Piedmont 3 and Coastal Plain 6 regions receiving high scores as well.  This is primarily due to the high number of dams in these areas.  The Mountain 1 region received higher scores than the coastal areas, although the Coastal Plain 8 region scored lower than the rest of the state because it was considered a much lower risk than the other coastal areas.  Figure 3-31 shows the hazard score composite map for the Dam Failure Hazard Group.

Figure 3-31. Dam Failure Hazard Group Hazard Score Composite Map
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Drought Hazard Group Results
There are a total of four hazards within the drought hazard group.  These include:  drought, drought—agricultural, drought—hydrologic, and heat wave.  All of these hazard scores were aggregated and then divided by four to give the final group score per county on a 0–625 scale (see Figure 3-32).  The drought hazards scores in North Carolina are the same in all regions of the state, yet all of the regions received a relatively high score in comparison to other groups.  This is a result of a number of high scores being assigned to these areas in the individual hazards scores before aggregation.  It is important to reference these individual hazard maps to understand the total group scores beyond this surface level.  However, this map provides basic information on which areas are the most susceptible to the occurrence of drought hazards. 

Figure 3-32. Drought Hazard Group Hazard Score Composite Map
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The hazards in this group received higher scores than compared to those in other groups, with a high score of 240 for both drought and drought - agricultural.  Hydrological drought scored slightly lower (score = 200), but also was given the same score for all regions.  Due to these scores, it is difficult to target specific areas of the state that may be the most susceptible to drought hazards, but it is valuable information to know that it is a hazard that is equally significant across the state.  Scores for heat wave were not homogeneously distributed, however, with higher scores in the eastern regions of the state as compared to the extremely low scores in the mountains.  There is a very low amount of variability between these low scores, which explains the lack on influence this hazard had on the total group score.  

Geological Hazard Group Results
There are a total of seven hazards within the geological hazard group.  These include:  debris flow/landslide, subsidence, acidic soil, geochemical related, mine collapse, sinkholes, and expansive soil.  All of the hazard scores were aggregated and divided by nine to give the final group score per county on a 0–625 scale (see Figure 3-33).  The geological hazards scores are highest in North Carolina within portions of the Mountain and Coastal Plain regions of the state.  This is a result of a number of high scores being assigned to these areas in the individual hazards scores before aggregation.  It is important to reference these individual hazard maps to understand the total group scores beyond this surface level.  However, this map provides basic information on which areas are the most susceptible to the occurrence of geological hazards. 

Figure 3-33. Geological Hazard Group Hazard Score Composite Map
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The hazards in this group received moderately high scores as compared to those in other groups, with its highest scores falling within the 180 to 225 range.  This does not reflect the high scores of the sinkhole hazard in Coastal Plain 6 and Coastal 6 (Score = 500).  The high score for the Coastal 6 region especially is not reflected in the above map.  Other hazards in this group that recieved high scores include: debris flow/landslide (Score = 400 for Mountain 1 and 2), acidic soil (Score = 375 for Coastal Plain 6 and 7, Score = 300 for Mountain 1) and mine collapse (Score = 300 for Piedmont 3, 4, and 5).  Subsidence also received high scores in the Coastal Plain and Coastal 6 and 7 regions (Score = 250) in comparison to the other hazards in this group.

Tornado/Thunderstorm Group Results
There are a total of nine hazards within the tornado/thunderstorm hazard group (Section 2.2.4). These include: severe thunderstorm, severe thunderstorm—hailstorm, severe thunderstorm—torrential rain, severe thunderstorm—thunderstorm wind, severe thunderstorm—lightning, tornado, tornado—waterspout, high wind, and fog.  All of these hazard scores were aggregated and then divided by nine to give the final group score per county on a 0–625 scale (see Figure 3-34).  The tornado/thunderstorm hazards scores are highest in North Carolina within the Mountain, Coastal Plain, and Coastal regions of the state.  The Piedmont and a section of the Coastal Plain received slightly lower scores.  This is a result of a number of high scores being assigned to the Mountain, Coastal Plain and Coastal areas in the individual hazards scores before aggregation.  It is important to reference these individual hazard maps to understand the total group scores beyond this surface level.  However, this map provides basic information on which areas are the most susceptible to the occurrence of tornado/thunderstorm hazards. 

Figure 3-34. Tornado/Thunderstorm Hazard Group Hazard Score Composite Map

[image: image33.jpg]North Carolina Risk Assessment:
Tornado / Thunderstorm Hazards Group
Hazard Scores by County

TomadoS evere Thunderstorm Hazard Group
Hazard ScoringSummary
The "Tornado/Thunderstorm Hazards" Hazard Score Legend
s the sum of the hagard scores n the Torradof Tomado Graup Seores
Trunderstorm Hazard group, which include P
Tormado Tomado - Waterspout  Fog F onan
HighWind  Severe Thunderstorm ﬁ @
Severe Thunderstorm - Hailstorm ook 4 N Comens
Severe Thunderstorm - Torrential Rain s g st A Sm
Severe Thunderstorm - Thunderstorm Wind Katherine Eschelbach m-ws
Severe Thunderstomm - Lightning Faard Vit Plarnin Clnic -
“Tomado/Thunderstorm Hazards" Hazard Score = Depastment of ity and Regional Planning [ -
(T Tornado/ Thunderstorm Score) /) R vty L L





The hazards in this group received lower scores than compared to those in other groups, with its highest scores falling within the 180 to 225 range.  High individual scores occurred in corresponding high group scoring regions of the state.  Severe thunderstorm received very high scores in the Mountain regions (Score = 400) and also very high across the rest of the state (Score = 300).  Severe thunderstrorm—lightning hazard in the Coastal Plain and Coastal 6 and 7 regions (Score = 200) and the severe thunderstorm—torrential rain hazard in Mountain 1 and 2 regions (Score = 320) are other high scores in the the group.  Severe thunderstorm—lightning and severe thunderstorm—torrential rain were moderately high and received the same scores across the state.  Scores for tornado, tornado—waterspout, high wind, and fog received low scores and resulted in the lowering of the total group score.  
The table below (Table 3-17) describes the likelihood of occurrence and impact of each of the hazards described above on the state as a whole. Below the table is an explanation of what each level of likelihood and impact indicates. 

Table 3-17. Likelihood of Occurrence and Impact for Each Hazard

	Type of Hazard
	Likelihood of Occurrence


	Impact

	Dam Failure
	Unlikely
	Critical

	Drought
	Likely
	Limited

	Drought
	Likely
	Limited

	Drought- Agricultural
	Likely
	Negligible

	Drought- Hydrologic
	Likely
	Limited

	Heat Wave
	Highly Likely
	Negligible

	Geological
	Likely
	Critical

	Debris Flow/ Landslide
	Likely
	Limited

	Subsidence
	Likely
	Negligible

	Acidic Soil
	Likely
	Negligible

	Geochemical
	Possible
	Critical

	Mine Collapse
	Unlikely
	Limited

	Sinkholes
	Possible
	Limited

	Expansive Soil
	Possible
	Limited

	Tornado/

Thunderstorm
	Likely
	Critical

	Severe Thunderstorms
	Highly Likely
	Limited

	ST Hailstorm
	Highly Likely
	Limited

	ST Torrential Rain
	Highly Likely
	Limited

	ST Thunderstorm Wind
	Highly Likely
	Limited

	ST Lightning
	Highly Likely
	Limited

	Tornado
	Possible
	Catastrophic

	Tornado Waterspout
	Unlikely
	Critical

	High Wind
	Highly Likely
	Limited

	Fog
	Highly Likely
	Negligible


Definitions: Likelihood of Occurrence

Unlikely: Less than 10% chance in any given year

Possible: 10%-50% chance in any given year 

Likely: 50%-75% chance in any given year

Highly Likely: 75% or greater chance in any given year 

Impact

Negligible: Minor injuries, minimal quality-of-life impact, shutdown of critical facilities and services for 24 hours or less, less than 10 percent of property is severely damaged.
Limited: Some injuries, complete shutdown of critical facilities for more than one week, more than 10 percent of property severely damaged.

Critical: Multiple severe injuries, complete shutdown of critical facilities for at least 2 weeks, more than 25 percent of property is severely damaged.

Catastrophic: Multiple deaths, complete shutdown of facilities for 30 days or more, more than 50 percent of property is severely damaged.
ENDNOTES

Requirement §201.4(c)(2)(i):  [The State risk assessment shall include an] overview of the type … of all natural hazards that can affect the State … 





Requirement §201.4(c)(2)(i):  [The State risk assessment shall include an overview of the] location of all natural hazards that can affect the State, including information on previous occurrences of hazard events, as well as the probability of future hazard events, using maps where appropriate… 
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Stippled area of North Carolina coast is underlain by the Comfort Member of the Castle Hayne Formation or the River Bend Formation which are known for their solution features.





�


Portion of USGS topographic map near Catherine Lake, Onslow County where several sinkhole lakes are present.
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� According to the geodatabase, data on maximum impoundment is “unknown” for 301 of the 1,055 high hazard dams.
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