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RISK ASSESSMENT

This section includes changes made during the 2013 update.

HAZARD DESCRIPTIONS AND SCORES–GREATER HAZARDS
For the 2013 update no major changes were made to this section, relating to the types of hazards or their ranking because climate, geography, and other factors related to presence or absence of natural hazards has not changed. The methodology used for the initial assessment and updates were deemed by SHMAG to still remain valid.  However tables, additional hazard information, and disaster related updates were made as deemed appropriate.
The following two sections detail the definitions, descriptions, historical occurrences, and future hazard vulnerabilities of the natural hazards identified in the Introduction to this report. Comprehensive hazard-history research on each of the identified hazards was completed and added to information provided by consulted hazard experts for those report sections relating to the definition, description, and historical occurrences of hazards. A scoring system was used for determining hazard vulnerability results. The scoring results are provided for each individual hazard, for each hazard group identified in Table 2–1 and Table 3-1, and as a composite of all hazards (excluding flood, earthquake, and infectious disease hazards).  
The scoring system was completed for all hazards listed in Table 2-1 and 3-1 (excluding earthquake and flood) by hazard experts over a several month period. The system evaluates each hazard based on the following criteria: scope; frequency of occurrence; intensity; and destructive potential. Scope is defined as the geographic extent of each hazard. Frequency of occurrence is based on the expected repetitive nature of a particular hazard in each hazard region. Intensity is defined as the average strength of each hazard in a representative hazard region, as compared to the strength of that same hazard, as averaged over the entire continental United States. Destructive potential is similar to intensity, but provides a way of ranking the intensity of hazards within North Carolina. Scores were assigned to each county according to hazard region (Figure 1-2, Table 1-6) and the spatial distribution of those scores can be viewed in the final section of each hazard profile. For further explanation of the methodology used for scoring flood and earthquake hazards, please see the corresponding sections that follow. (For further explanation of the methodology used for scoring other hazards, please refer to Eschelbach, 2004.) 

Greater Hazards Category

The hazards included in the Greater Hazards category were identified as hazards of primary concern for North Carolina. These are clustered into five groups, which are each described in the following sections. The five groups included within the Greater Hazard category are: flooding; earthquake; wildfire; hurricane/coastal hazards; and severe winter weather. A list of the hazards within each group is summarized in Table 2-1. The scoring system was applied to each of the hazards within the five groups (except flooding and earthquakes) and then aggregated into a total hazard score for each group. The aggregate results for the Greater Hazards will be discussed in a later section.
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Table 2-1. The Greater Hazards of North Carolina

	GREATER HAZARDS CATEGORY—LISTING OF IDENTIFIED HAZARDS BY GROUP

	Flooding
	Earthquake
	Wildfire

	Flooding
	Earthquakes
	Wildfires

	Hurricanes and Coastal Hazards
	Severe Winter Weather

	Hurricanes
	Nor’easters
	Severe Winter Weather

	Hurricane–Storm Surge
	Nor’easters–Storm Surge
	Severe Winter Weather–Freezing Rain

	Hurricane–High Wind
	Nor’easters–High Wind
	Severe Winter Weather–Snowstorms

	Hurricane–Torrential Rain
	Nor’easters–Severe Winter Weather
	Severe Winter Weather–Blizzards

	Hurricane–Tornado
	Tsunami
	Severe Winter Weather–Wind Chill

	Rip Current
	Coastal Erosion
	Extreme Cold


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 A2 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.
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Flooding Hazards

Flooding

Definition

Flooding is defined as an overflowing of a large amount of water beyond its normal confines, especially over what is normally dry land. The cause of the high-water flow varies, but generally is caused by high amounts of precipitation or from snowmelt. The existing channel or coastal area is overwhelmed, and the water out of its normally confined space to enter what is termed the floodplain
.

Description

Flooding is a localized hazard that generally results from excessive precipitation. Floods are generally considered to fall in one of two categories: flash floods, which are the product of heavy localized precipitation that occurs within a short period of time at a given location; and general floods, caused by precipitation that occurs during a longer period of time over a particular river basin. 

Flooding is the most common environmental hazard to affect the United States, due to the widespread geographical distribution of river valleys and coastal areas, and the attraction of human settlements to these areas. Most recent presidential declarations concerning major disasters have been associated with flash floods and general flooding. 

Flash floods occur shortly after a heavy accumulation of rainfall that results from a dam or levee failure or from a sudden release of water held by an ice jam. Flash floods can destroy buildings and bridges, uproot trees, and scour out new drainage channels. Heavy rains that produce flash floods can also trigger mudslides. Most flash flooding is caused by slow-moving thunderstorms, repeated thunderstorms in one local area, or by heavy rains generated by hurricanes and tropical storms. Although flash flooding occurs often along western mountain streams, it is also common in urban areas throughout the state, where much of the ground is covered by impermeable surfaces. Roads and buildings impervious to water infiltration generate greater amounts of runoff than typical forested land. Fixed drainage channels in urban areas may be unable to contain the runoff that is generated by relatively small but intense rainfall events. 

A combination of river basin physiography, local thunderstorm movement, past soil moisture conditions, and the degree of vegetative clearing and impervious surfaces resulting from development determine the severity of a flooding event. Abnormal weather patterns may also contribute to the flooding of a local area. Large-scale climatic events (such as the El Nino-Southern Oscillation in the Pacific Ocean) have been linked to increased storm activity and flooding in the United States.  

Nationally, July is the month in which most flash flooding events occur in the United States, and nearly 90 percent of flash floods occur during the months of April through September (Frazier, 1979)
. 

While flash floods occur within hours of a rain event, general flooding is a longer-term event, and may last for several days. The primary types of flooding are riverine flooding, coastal flooding, and urban flooding. 

The periodic flooding of lands adjacent to non-tidal rivers and streams is a natural and inevitable occurrence. When stream flow exceeds the capacity of the normal water course, some of the above-normal stream flow spills over onto adjacent lands located within the floodplain.
Floodplains are relatively low-lying areas adjacent to streams, lakes, rivers, or coast commonly prone to flooding. Floodplains are part of the natural hydrologic system, serving the important function of carrying and temporarily storing excess floodwater or dampening the energy of torrential rain or coastal storms. In addition, floodplains are useful for maintaining water quality, preserving groundwater supply, supporting natural vegetation and providing natural habitats, as well as offering many kinds of recreational and educational activities. Floodplain boundaries are designated and routinely updated through Federal Emergency Management Agency (FEMA) Flood Insurance Study (FIS) reports and these revisions are then shown on Flood Insurance Rate Maps (FIRMs), according to various flood hazard zones. Flood hazard zone designations will depend upon local conditions and the date when the map was issued, but all will show the 100-year or base floodplain (1-percent annual chance), as well as areas of the 500-year floodplain (0.2-percent annual chance).

Riverine flooding is a function of precipitation levels and water runoff volumes within the watershed of the stream or river. The recurrence interval of a flood is defined as the average time interval (in years) expected to take place between the occurrence of one flood of a particular magnitude and the occurrence of a flood of equal or larger magnitude. Generally, flood magnitude increases as recurrence intervals decrease.

Coastal flooding is typically a result of storm surge, wind-driven waves, and heavy rainfall. These conditions are produced by tropical systems during the summer and fall, and nor'easters and other large coastal storms during the winter and spring. Storm surges may overrun barrier islands and push seawater up coastal rivers and inlets, blocking the downstream flow of inland runoff. Thousands of acres of crops and forestlands may be inundated by both saltwater and freshwater. Escape routes, particularly from barrier islands, may be cut off quickly, stranding residents in flooded areas and hampering rescue efforts. 

Urban flooding occurs where there has been development within stream floodplains or in coastal areas where there are high levels of development. This is partly a result of the use of waterways for transportation purposes in earlier times. Sites adjacent to rivers and coastal inlets provided convenient places to ship and receive commodities. The ultimate price of this accessibility was the increased flooding of ensuing urban areas. Urbanization increases the magnitude and frequency of floods by increasing the number of impermeable surfaces, increasing the speed of drainage collection, reducing the carrying capacity of the land and occasionally overwhelming sewer systems. 

Historical Occurrences

Many North Carolina counties have experienced major catastrophic flooding in recent years, and some have experienced multiple major flooding disasters. Since 1977, North Carolina has received Federal aid from the Small Business Administration (SBA) and/or FEMA for 20 major disasters that produced substantial flood damage to one or more counties. These major disasters are listed in Table 2-2.  

Table 2-2. Declared Flooding Disasters Since 1977 iii 

	EVENT
	LOCATION
	DAMAGES

	1977 Floods (11/1977)
	Western North Carolina
	$14,189,210

	1979 Floods
	Surry County
	$56,084

	Hurricane Diana (09/1984)
	Coast
	$67,000,000

	Hurricane Gloria (09/1985)
	Coast
	$8,500,413

	1989 Floods (09/989)
	Fayetteville
	$10,000,000

	1992 Flood (09/1992)
	Swain County
	$2,186,000

	Hurricane Emily (08/1993)
	Dare County
	$12,500,000

	Hurricane Opal (10/1995)
	Mountain Counties
	$9,400,000

	Western Flooding (01/1998)
	Western North Carolina
	$7,000,000

	Hurricane Bonnie (08/1998)
	Eastern North Carolina
	$22,000,000

	Hurricane Dennis (081999)
	Eastern North Carolina
	$10,000,000

	Hurricane Floyd (09/1999)
	Mid/East North Carolina
	$3,403,839,436

	Hurricane Isabel (09/2003)
	Mid/East North Carolina
	$372,500,000

	Tropical Storm Frances (09/2004)
	Western North Carolina
	$20,500,000

	Hurricane Ivan (09/2004)
	Western North Carolina
	$13,800,00

	Hurricane Ophelia (10/2005)
	Coastal North Carolina
	$70,000,000

	Tropical Storm Hanna (10/8/08)
	Beaufort, Brunswick, New Hanover and Person Counties
	$10,000,000

	Severe Winter Storm and Flooding (2/2/10)
	Western North Carolina
	$10,000,000

	Tropical Storm Nicole (10/14/10)
	Eastern North Carolina
	$5,431,477 (IA only)

	Hurricane Irene (8/31/11)
	Eastern and Central North Carolina
	$115,431,919 (IA and PA)


Only five of these disasters were stand-alone flood events, and eight occurred in the mountains of Western North Carolina. Among these flooding-only disasters was a devastating flood that impacted several counties in early Nov. 1977—the beginning of this documented history. Storms produced 8 to 14 inches of rain in 33 counties; the 17 counties most impacted by these storms were designated in (or later added to) a presidential disaster declaration.

Another significant flood event was the Western Flooding that occurred in January 1998, caused by a weather system that also devastated communities in bordering Tennessee.  Heavy rains fell on snow-pack in the higher elevations and the resulting runoff caused flash flooding in streams below. Numerous homes, public buildings, and public and private infrastructure were lost within a very short span of time.
In 2004, the remnants of Tropical Storm Frances and Hurricane Ivan caused major flooding in Western North Carolina, where rainfall estimates from both storms ranged from 6 to 20 inches within a 10-day period. This unprecedented event caused significant flood and debris-flow damages, economic losses, environmental damages and took 11 lives. The communities of Asheville, Biltmore Village, Brevard, Clyde, Canton, Newland, Morganton, Hendersonville, and Mountain Island Lake were heavily impacted, as well as other rural communities.
Two weeks of snow and sleet beginning December 14, 2009 led to runoff and flash flooding in the 13 counties of Alleghany, Ashe, Avery, Buncombe, Burke, Caldwell, Haywood, Jackson, Madison, McDowell, Mitchell, Watauga, Yancey and the tribal lands of the Eastern Band of Cherokee Indians in Western NC. A PDA conducted in the last two weeks of January, 2010 led to a federal declaration for ice damage and flash flooding. See map below:
Figure 2-1. Counties Declared in FEMA DR-1871
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Flooding remains one of the major destructive forces of land falling tropical storms and hurricanes, which have affected all parts of North Carolina. Eight of the listed events are hurricanes that included devastating floods as part of their destructive force. In recent history alone, Hurricanes Fran (1996) and Floyd (1999) brought devastating flooding and heavy winds inland to many communities and counties of Eastern North Carolina. The forward motion of Hurricane Floyd slowed after the storm made landfall, allowing its torrential rains to bring terrible flooding to a region already soaked by Hurricane Dennis only a few days before. Many entire towns were destroyed—such as Princeville in Edgecombe County—and others saw their economic base and various communities wiped out by the lingering effects of damaging floodwater. (Of course, hurricanes and the floods they cause do not only strike North Carolina’s coastal areas. For example, Hurricane Opal came inland in Oct. 1995 from the Gulf of Mexico and maintained sufficient strength to cause major flooding in several of the state’s mountainous counties.)
On Sept. 15 and 16, 1999, Hurricane Floyd struck the coast of North Carolina near Cape Fear. It moved northward through the state, creating widespread coastal damage and unprecedented inland flooding. Ultimately, Hurricane Floyd led to the deaths of 52 residents, the destruction of thousands of homes and businesses and miles of infrastructure, and a massive economic blow caused by the loss of livestock and crops and a general disruption of commerce. The most significant losses were reported in the economically distressed counties of Eastern North Carolina.  

In August of 2011, Hurricane Irene caused the worst flooding in the state in nearly a decade. Although the storm was only a category 1 storm when it made landfall and its course did not continue inland, several coastal counties in Eastern North Carolina were hit hard. Counties located on the Pamlico Sound were particularly affected as storm surge and torrential rain caused flooding in many areas located along the sound. Below a map displays all of the counties that were a part of the presidentially declared disaster area:

Figure 2-2. Counties Declared in FEMA DR-4019
[image: image2.jpg]FEMA-4019-DR, North Carolina Disaster Declaration as of 10/07/2011

\
WV \J
KY
VA
\Alleghany! -
Ashe Su ; Northampton: ales Camden|Currituck
Iy Stokes Rockingham|Caswell | Person Yanceiwarren g Hertford!
Wotanga R F Granville Halifax Perquimans
N e Yadkin Forsyth _ . ChowantEasquotank
Mitchell}2VerY . GullfordA 1 Orange]py pmm~{_Franklin Bertic
Madison Yancey aldwell Alexander Davie ance Rt Edgecombe
Iredell Davidson Wake Martin) SWashingtoniTy el §pare
‘McDowell Burke Randolph Chatham Wilson!
Buncombe Catawba Rowan
Swain Haywood Pitt Beaufort -
Rutherford Lincoln Johnston| ; yde
e \ , Lee Greene
Jackson Henderson/ Cleveland: Cabarrus Montgomery Harnett Way ne
i olk Gaston /1 n}; Stanly Moore !
Cherokee Macon Transylvania ecklenburg Lenoir, Craven Pl
Clay
: . Cumberland Jones
Union Richmond”™ \ Hoke
Anson Sampson Duplin
Scotland ®nslow, Carteret
Robeson Bladen
Pender;
Columbus New) Hanover
SC
Brunswick:
Location Map Legend S
Designated Counties 3@% FEM A
: No Designation All counlties;J lana’ in thle f}‘ate of North Ca;olina ITéM@ping & Analysis Center
L. . are eligible to apply for assistance under Washington, DC
- Individual Assistance the Hazard Mitigation Grant Program. 11/08/11 - 16:55 PM EST
: Public Assistance Source: Disaster Federal Registry Notice
Amdenment No. 9: 10/07/2011
- Individual Assistance and Public Assistance

MaplID 89b6b5a05771007111654hqgprod




Location and Extent

The North Carolina Floodplain Mapping Program is currently in the process of developing and updating digital flood hazard data for the entire state of North Carolina.  Currently, new digital flood hazard data exists for all of the state’s 100 counties which are summarized in Figure 2-3.  The figure includes the delineation of Coastal High Hazard Areas which is that part of the coastal floodplain where wave heights during the base flood event will be three feet or more (also designated by FEMA as “V Zones”). Based on historical events, flooding in some areas of the state could be up to 20 feet in depth and flooding generally could occur in any county in the state.
Figure 2-3. North Carolina Mapped Flood Hazard Areas Through 2012
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National Flood Insurance Program (NFIP) and Repetitive Loss Data

According to FEMA records compiled as of July 2012, there are 137,633 flood insurance policies in force in the state of North Carolina, with more than $32 billion in coverage and more than $98 million of annual premiums in force. From October 1, 2010 through September 20, 2011, there were 9,391 claims under the NFIP totaling $137,183.

Many of North Carolina’s insured losses have involved repetitive loss properties. The Federal definition of a repetitive loss property is “any insured structure with at least two paid flood insurance losses of more than $1,000 each in any rolling 10-year period since 1978” (FEMA). Table 2-3 lists North Carolina repetitive loss data by community, according to FEMA records compiled in the spring of 2012.

Table 2-3 Repetitive Loss Property Counts by County, 2012

	COUNTY
	Residential Repetitive Loss Count
	Commercial 
Repetitive Loss

Count
	Total 
Repetitive Loss

Count

	ALAMANCE COUNTY
	9
	0
	9

	ALEXANDER COUNTY
	0
	0
	0

	ALLEGHANY COUNTY
	1
	0
	1

	ANSON COUNTY
	0
	0
	0

	ASHE COUNTY
	1
	5
	6

	AVERY COUNTY
	10
	2
	12

	BEAUFORT COUNTY
	1142
	87
	1229

	BERTIE COUNTY
	5
	2
	7

	BLADEN COUNTY
	2
	2
	4

	BRUNSWICK COUNTY
	650
	15
	665

	BUNCOMBE COUNTY
	8
	25
	33

	BURKE COUNTY
	1
	1
	2

	CABARRUS COUNTY
	16
	1
	17

	CALDWELL COUNTY
	3
	2
	5

	CAMDEN COUNTY
	35
	10
	45

	CARTERET COUNTY
	599
	26
	625

	CASWELL COUNTY
	0
	0
	0

	CATAWBA COUNTY
	5
	0
	5

	CHATHAM COUNTY
	11
	1
	12

	CHEROKEE COUNTY
	4
	2
	6

	CHOWAN COUNTY
	11
	1
	12

	CLAY COUNTY
	0
	0
	0

	CLEVELAND COUNTY
	1
	0
	1

	COLUMBUS COUNTY
	9
	3
	12

	CRAVEN COUNTY
	267
	6
	273

	CUMBERLAND COUNTY
	7
	1
	8

	CURRITUCK COUNTY
	73
	1
	74

	DARE COUNTY
	821
	82
	903

	DAVIDSON COUNTY
	8
	3
	11

	DAVIE COUNTY
	0
	0
	0

	DUPLIN COUNTY
	11
	4
	15

	DURHAM COUNTY
	38
	4
	42

	EDGECOMBE COUNTY
	34
	8
	43

	FORSYTH COUNTY
	28
	5
	33

	FRANKLIN COUNTY
	5
	0
	5

	GASTON COUNTY
	0
	0
	0

	GATES COUNTY
	1
	0
	1

	GRAHAM COUNTY
	0
	0
	0

	GRANVILLE COUNTY
	1
	0
	1

	GREENE COUNTY
	1
	0
	1

	GUILFORD COUNTY
	42
	4
	46

	HALIFAX COUNTY
	1
	1
	2

	HARNETT COUNTY
	1
	0
	1

	HAYWOOD COUNTY
	13
	3
	16

	HENDERSON COUNTY
	3
	11
	14

	HERTFORD COUNTY
	13
	4
	17

	HOKE COUNTY
	0
	0
	0

	HYDE COUNTY
	107
	24
	131

	IREDELL COUNTY
	1
	0
	1

	JACKSON COUNTY
	2
	0
	2

	JOHNSTON COUNTY
	14
	1
	15

	JONES COUNTY
	5
	0
	5

	LEE COUNTY
	0
	0
	0

	LENOIR COUNTY
	33
	4
	37

	LINCOLN COUNTY
	0
	0
	0

	MACON COUNTY
	2
	0
	2

	MADISON COUNTY
	0
	4
	4

	MARTIN COUNTY
	0
	2
	2

	MCDOWELL COUNTY
	1
	1
	2

	MECKLENBURG COUNTY
	290
	17
	307

	MITCHELL COUNTY
	2
	4
	6

	MONTGOMERY COUNTY
	0
	0
	0

	MOORE COUNTY
	0
	0
	0

	NASH COUNTY
	6
	1
	7

	NEW HANOVER COUNTY
	1317
	76
	1393

	NORTHAMPTON COUNTY
	0
	0
	0

	ONSLOW COUNTY
	663
	31
	694

	ORANGE COUNTY
	1
	0
	1

	PAMLICO COUNTY
	280
	15
	295

	PASQUOTANK COUNTY
	18
	0
	18

	PENDER COUNTY
	420
	17
	437

	PERQUIMANS COUNTY
	4
	0
	4

	PERSON COUNTY
	0
	0
	0

	PITT COUNTY
	23
	2
	25

	POLK COUNTY
	1
	0
	1

	RANDOLPH COUNTY
	1
	0
	1

	RICHMOND COUNTY
	1
	2
	3

	ROBESON COUNTY
	11
	1
	12

	ROCKINGHAM COUNTY
	10
	2
	12

	ROWAN COUNTY
	4
	0
	4

	RUTHERFORD COUNTY
	5
	1
	6

	SAMPSON COUNTY
	5
	0
	5

	SCOTLAND COUNTY
	0
	0
	0

	STANLY COUNTY
	0
	3
	3

	STOKES COUNTY
	0
	0
	0

	SURRY COUNTY
	1
	6
	7

	SWAIN COUNTY
	0
	1
	1

	TRANSYLVANIA COUNTY
	5
	0
	5

	TYRRELL COUNTY
	13
	2
	15

	UNION COUNTY
	3
	0
	3

	VANCE COUNTY
	1
	0
	1

	WAKE COUNTY
	89
	31
	120

	WARREN COUNTY
	0
	0
	0

	WASHINGTON COUNTY
	1
	0
	1

	WATAUGA COUNTY
	5
	7
	12

	WAYNE COUNTY
	41
	6
	47

	WILKES COUNTY
	0
	1
	1

	WILSON COUNTY
	14
	1
	15

	YADKIN COUNTY
	0
	0
	0

	YANCEY COUNTY
	2
	0
	2

	TOTALS
	7293
	585
	7879


Flood Hazard Scores

Flood risk, whether articulated in a study or represented on maps, is based upon the following factors: probability, frequency, and extent. To accurately and responsibly transpose existing quantitative risk analysis to areas defined by political (rather than physiographic) boundaries is the primary challenge in determining and planning for the risk of flooding, based upon county-level flood hazard scores. 
Flood hazard scores were determined for North Carolina counties, based on a combination of contributing factors:

· The scope of the flooding hazard, shown by the shaded percentage of a county demonstrated to be most prone to flooding, as illustrated in Figure 2-4. (Sources: FIRMs, Digital Q3 Flood Data (a FEMA product); hydric soils; National Wetlands Inventory).

· The history of flooding in the county, evidenced by the number of Federally declared disasters so designated because of (or including) substantial flooding that has occurred during the period for which NCDEM has accumulated records.

· The severity of flooding is represented in part by the number of flood insurance (NFIP) policies in effect within a county (including municipalities as participating communities).

· Destructive potential is demonstrated through the number of NFIP flood insurance claims filed since the beginning of the program in each county.
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Figure 2-4. Total Flood Vulnerability Scores by North Carolina County

The value ranges for each factor were broken into five classes using either round figures or a quantile scale in ESRI® ArcMap™ (as appropriate), and those ranges were assigned a score of one (1) to five (5). The sum of these scores is used as the total vulnerability score for each county, and these ratings are shown in Figure 2-4.

Likelihood of Occurrence

Floods continue to impact North Carolina. All counties are vulnerable to flooding as each has identified and mapped Special Flood Hazard Areas (SFHAs)—floodplains with at least a 1-percent annual chance of floods that could potentially cause damage to development lying within those floodplains.  

Although the risk of and vulnerability to flooding have been addressed in this assessment in somewhat uniform fashion, history and research suggest that regional differences influence the flooding hazard across North Carolina. These differences are both a result of the typical nature (as addressed in the Description) and the seasonality of flooding. According to Dr. Scott A. Lecce, a professor of Geography at East Carolina University (Greenville, N.C.), three flood-regime regions have been identified from clusters of stream-gauging stations with similar annual flood-series characteristics (Lecce 2000)
. These are the Appalachian, Piedmont, and Coastal Plain Regions. In the Appalachian Region, most floods occur in the winter and spring seasons and more rarely between the months of May and November (ibid). Lecce attributes seasonal differences to topography: the mountains form an effective barrier to the warm air that circulates from the Atlantic Ocean, which causes most of the Piedmont and Coastal summer and fall rains and flooding.

These tendencies do not suggest exclusivity. Summer and fall floods in the Appalachian region have historical precedence, such as Hurricane Opal in Oct. 1995 and Tropical Storm Frances and Hurricane Ivan, both of which occurred in 2004. The risk is present regardless of season, but knowledge of seasonal patterns and history can guide the planning for and mitigation against floods in association with other hazards, such as hurricanes and winter storms.

Earthquake Hazards
Earthquakes
Introduction

Historical seismicity is an indicator of where earthquakes have happened. Paleoseismicity (the study of earthquake-induced ground failures during prehistoric times) provides further evidence as to the size and frequency of earthquakes. Since 1735, North Carolina has experienced 23 earthquakes, each of which caused at least architectural damage. From historical data, scientists from the U.S. Geological Survey (USGS) and several university research centers have produced maps that project the expected ground motion for various return periods. The last recorded damaging earthquake in which the epicenter was located in North Carolina occurred in the vicinity of the Town of Hendersonville in 1985. The epicenter for the last recorded damaging event that affected the state was in Mineral Springs, Virginia in 2011.
Describing Impacts

Earthquakes could potentially affect any geographic location in North Carolina, however they are far more likely in the western part of the state. Earthquakes capable of producing structural damage or structural collapse are typically events with magnitudes greater than 5.5 on the Richter Scale. Seismologists use two terms to describe earthquakes and their effects. The oldest term is intensity and this describes the extent of shaking and the damages caused by it (i.e., the effects of the event on human populations and the built environment). The Modified Mercalli Intensity Scale (Table 2-4) lists the effects of earthquakes, ranging from slightly felt (I), to waking people (V), to complete devastation (XII). Roman numerals are used to indicate the rated intensity. For most widely felt events, intensity maps are prepared to document the extent of various intensities. From these maps, seismologists can relate the maximum shaking (highest intensity), as well as the felt area (spatial area in which the earthquake was observed).

Table 2-4. Modified Mercalli Intensity Scale for Earthquakes
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A second indicator was invented in 1935 to describe earthquakes in which no felt data was available. At that time, Charles Richter (working at the California Institute of Technology) demonstrated that the amplitude of ground motion—as recorded on a seismograph for earthquakes at the same distance from the seismograph—could be characterized. Richter proposed that each time the ground motion increased tenfold, the magnitude or size of the event increased by 1 unit of magnitude. The magnitude scale, therefore, relates the amplitude of ground motion. As the scale (Table 2-5) was improved to correct for wave attenuation (decreases in the height of a wave over distance), seismographs could be used to estimate an earthquake’s magnitude and arrive at the same value. A magnitude 6 earthquake, therefore, will possess 10 times (10x) greater ground motion than a magnitude 5 earthquake and 100 times (or 100x) greater ground motion than a magnitude 4 earthquake. 
Table 2-5. Richter Scale for Earthquakes

[image: image5.emf]
Decades later, seismologists found that an earthquake’s magnitude could be related directly to the energy released in ground motion. For each tenfold increase in ground motion, there is a 30-fold increase in energy. Therefore, a magnitude 5 earthquake releases 30 times more energy than a magnitude 4 event. A magnitude 7 earthquake is 900 times larger (30 multiplied by itself) than a magnitude 5 earthquake, and 27,000 times (30 multiplied by 30 multiplied by 30) larger than a magnitude 4 earthquake.

By using observations related to magnitude, ground motion amplitude and duration (as well as wave attenuation), seismologists have been able to estimate earthquake magnitudes for historical earthquakes. In addition, by using the relationships developed through the study of large recent events, prehistoric earthquakes have also been characterized. Although it is possible that the state could experience an earthquake rated as high as a 10 on the Richter scale, the most likely high-level event is a 6 or 7. Likewise, a Modified Mercalli intensity for a high-level event is likely to be around VIII or IX.
Expected Impacts

Earthquakes capable of causing structural damage or failure (Mercalli Intensity VII or greater) are usually magnitude 5.5 or greater. This means that most of the historical catalog (large events) has great importance, since much of the accurate characterization of the earthquake hazard depends upon those events. By studying the relationship that exists between the number of earthquakes of various magnitudes, it has been shown that the number of small events (magnitude 3 or less) is directly related to the number of large events. This relationship is called the Gutenberg/Richter law. Put simply, a location in which numerous earthquakes occur is called a seismic source zone. Inside these zones, there are 100 magnitude 3 events for every 10 magnitude 4 events and for every one magnitude 5 event during a particular length of time. This allows seismologists to use current observations to predict or estimate the largest possible earthquake in a seismic source zone. High-activity source zones, such as those found in California, experience many more earthquakes over a given period of time, so it stands to reason that damaging earthquakes occur more often, as well. Other seismic source zones experience fewer earthquakes and will experience damaging earthquakes less often. The size of the source zone gives a direct indication of the largest possible earthquake that could occur within that zone.

For example, the great earthquakes that struck California in 1857 and 1906 broke the entire San Andreas fault from Mexico to the offshore areas around San Francisco. These events were estimated to register more than 8.3 on the Richter Scale. The seismic source zone for the San Andreas fault system runs for hundreds of miles and experiences approximately 3,000 earthquakes per quarter (12,000 per year). Based on the maximum possible earthquake that could occur inside a source zone and observed activity (based on a combination of historical data and current observations), seismologists have produced ground motion maps, which relate the expected level of ground shaking to occur during a given period of time. In 1977, the National Earthquake Hazards Reduction Program (NEHRP) was established in order to coordinate the production of ground motion maps and to provide guidance on the interpretation and use of these maps to the emergency management, risk assessment, design, and governmental communities.

The NEHRP maps show an expected level of ground shaking in terms of acceleration (as a percent of “g” or gravity, which exerts a downward force of 9.8 meters/second/second or 32 feet/second/second), which would not be exceeded at the 90-percent and 98-percent confidence levels. Mathematically, the 90-percent and 98-percent levels of non-exceedance relate to the 425-year and 2,500-year return period earthquake. For a given location, the level of ground shaking in “g” (3 percent, 5 percent, or 10 percent), which has a 90-percent chance of not being exceeded in 50 years, is plotted on the map. A higher level of ground shaking (which has a 98-percent probability of not being exceeded in 50 years) is also plotted to demonstrate the upper bounds of potential impact. Taken together, these two maps provide two measures of the expected ground motion. For example, seismologists estimate that within the next 50 years in North Carolina, there is a 98 percent chance that ground shaking could equal a level of shaking in which structural failure would occur. By knowing the level of shaking, engineers can design structures and infrastructure to withstand that level of shaking, or at least reduce significantly the level of resulting damage.

HAZUS Applications in North Carolina

The North Carolina Division of Emergency Management, including its Hazard Mitigation Section, has been using HAZUS (FEMA’s loss estimation software) since 1997. During the last several years, many analyses have been conducted with this software in order to estimate losses. An example of this application is documented in the report “Earthquake Planning Scenarios for Henderson County, North Carolina—Using HAZUS, the FEMA Software Tool for Estimating Earthquake Losses,” which was prepared for the Henderson County Local Emergency Planning Committee (LEPC) and dated July 10, 1997. This early analysis used HAZUS97 and was the first study undertaken by any state outside of California. Later applications included three regional analyses: one for the 35 jurisdictions that compose the Western NCDEM Branch (34 counties and the Eastern Band of the Cherokee); a second analysis for the 33 counties in the Central NCDEM Branch; and a third analysis of the 33 counties in the Eastern NCDEM Branch. Those analyses were completed in Aug. 1998 and are the first statewide HAZUS analyses performed outside the state of California.

Earthquake Hazard Identification in North Carolina

North Carolina is located in “earthquake country.” Since 1735, when the state’s first reported earthquake was felt in Bath, seismologists have compiled catalogs of felt events. Later, when seismographs became available, earthquake magnitude and hypocenter (earthquake location within the earth) parameters were compiled on a regional basis. The Southeastern United States Earthquake Catalog (SEUSEC) is one such compilation and represents the combination of the U.S. Geological Survey “United States Earthquake Data File,” compiled by C.W. Stover, B.G. Reager, and S.T. Algermissen in 1984 (USGS Open File report 84-225) with more than 25 years of instrument-measured activity. Since 1977, earthquake magnitudes and hypocenters have been compiled by seismic network operators based in the southeastern United States and documented in a series of publications titled, “Southeastern United States Seismic Network Bulletin”—July 1977 to December 2002 (SEUSEC). The combination of these two datasets provides the best and most complete catalog of seismicity for the region.  

A SEUSEC map of the seismic activity to occur within North Carolina between 1698 and 1997 is shown in Figure 2-5. The size of the plotted earthquake symbols is scaled by magnitude. Using that data in combination with other regional catalogs, a list of earthquakes that have caused damage in North Carolina has been compiled. Table 2-6 charts the date, magnitude, location, and felt intensity for the 23 earthquakes that have caused at least architectural damage in North Carolina. One can determine from the data in the table that six of these events were centered in North Carolina. The average time span between damaging events is 22 years, with the longest “quiet” interval lasting 40 years.

Figure 2-5. Seismic Activity in North Carolina (1698-1997)
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Table 2-6. Historic Earthquakes Registered in North Carolina
	Date
	Location
	Magnitude
	Max MMI*
	MMI in NC**

	12/16/1811
	Northeast AK
	8.5
	XI
	VI

	12/16/1811
	Northeast AK
	8.0
	XI
	VI

	12/16/1811
	Northeast AK
	8.0
	XI
	VI

	1/23/1812
	New Madrid, MO
	8.4
	XI
	VI

	2/7/1812
	New Madrid, MO
	8.7
	XII
	VI

	4/29/1852
	Wytheville, VA
	5.0
	VI
	VI

	8/31/1861
	Wilkesboro, NC
	5.1
	VII
	VII

	12/23/1875
	Central VA
	5.0
	VII
	VI

	8/31/1886
	Charleston, SC
	7.3
	X
	VII

	5/31/1897
	Giles County, VA
	5.8
	VIII
	VI

	1/1/1913
	Union County, SC
	4.8
	VII
	VI

	2/21/1916
	Asheville, NC
	5.5
	VII
	VII

	7/8/1926
	Mitchell County, NC
	5.2
	VII
	VII

	11/3/1928
	Newport, TN
	4.5
	VI
	VI

	5/13/1957
	McDowell County, NC
	4.1
	VI
	VI

	7/2/1957
	Buncombe County, NC
	3.7
	VI
	VI

	11/24/1957
	Jackson County, NC
	4.0
	VI
	VI

	10/27/1959
	Chesterfield, SC
	4.0
	VI
	VI

	7/13/1971
	Newry, SC
	3.8
	VI
	VI

	11/30/1973
	Alcoa, TN
	4.6
	VI
	VI

	9/13/1976
	Southwest VA
	4.1
	VI
	VI

	5/5/1981
	Henderson County, NC
	3.5
	VI
	VI

	8/23/2011
	Mineral Springs, VA
	5.8
	VIII
	V


*Maximum Modified Mercalli Intensity experienced in the event

**Modified Mercalli Intensity experienced in North Carolina

North Carolina Earthquake Risk Analysis

Using the SEUSEC, two seismologists from the Virginia Tech Seismological Observatory proposed a map of the 10 seismic source zones which have affected the southeastern United States. These are: 
1)  Giles County, Virginia;
2)  Central Virginia;
3)  Eastern Tennessee;
4)  Southern Appalachians;
5)  Northern Virginia and Maryland;
6)  Central Appalachians;
7)  Piedmont-Coastal Plain;
8)  Charleston, South Carolina;
9)  Appalachian Foreland; and,

10)  The New Madrid Seismic Zone.

Using SEUSEC data, a formula was developed to express the relationship that exists between the expected earthquake magnitude in each seismic source zone and the return period (i.e., how long a time interval exists between events) for that magnitude. Only one earthquake with a magnitude greater than 6 has been located in the southeast: the 7.3 magnitude earthquake that struck Charleston, S.C., on Aug. 31, 1886. That quake caused damage that can still be seen at the Old Cotton Exchange in Wilmington, N.C. Earthquake bolts were placed across the front side of the building to shore up the un-reinforced masonry building. 
The two other most active zones that affect North Carolina are the Eastern Tennessee Seismic Zone (ETSZ) and the Southern Appalachian Seismic Zone (SASZ). Recurrence rates for the two zones are very similar. For the ETSZ, a magnitude 2 earthquake occurs about every 1.4 months with a similar size event occurring within the SASZ about every two months. Larger events (such as magnitude 5 quakes) typically occur in the ETSZ once every 60 years and once every 59 years in the SASZ. For magnitude 6 events, the return period is 476 years (for ETSZ) and 417 years (SASZ).

The ETSZ is the second most-active seismic zone east of the Rocky Mountains. One troubling finding presented by seismologists in 1994 argues that the ETSZ’s seismicity clusters along a 185-mile line that exists in the middle of the zone. Should that entire line break at once, the estimated magnitude of such an event would register at least 7 on the Richter Scale.

The largest earthquake to be centered in North Carolina occurred in 1916 in western North Carolina. That event was felt in seven states. Based on historical events, the state could experience an earthquake as large as a magnitude 8 or 9; however, the likelihood of such an event is relatively low. That being said, an earthquake of magnitude 6 is a highly likely event over the next 50 years and would cause significant damage in the state. An earthquake could affect any part of the state, though it is much more likely in the west and in the southeast.
Using historical catalogs such as SEUSEC, the USGS has compiled two NEHRP maps that display 90 percent probability of non-exceedance and 98 percent probability of non-exceedance, as recorded during a 50-year time interval. There is a 90-percent chance that ground accelerations would equal or exceed 6 percent to 9 percent g. This level of shaking is above the threshold of architectural damage that would occur in the western third of the state. Considering the greatest possible level of shaking (98 percent non-exceedance), ground accelerations could equal or exceed 12 percent to nearly 30 percent g (Figure 2-6 and 2-7). Those levels of shaking would lead to structural damage or structural failure in western North Carolina. Figure 2-8 shows the earthquake acceleration percentages for the state.
In interpreting the NEHRP maps, ground accelerations of 3 percent to 6 percent g can cause architectural damage (non-load-bearing building ornaments). Ground accelerations of 6 percent to 12 percent g can cause architectural failure. Even greater accelerations (12 percent to 24 percent g) can result in structural damage (cracks in load-bearing walls), and accelerations of 25 percent to 48 percent g can result in structural collapse. The expected level of damage for these levels of shaking is based on a comparison of observed ground motion and the performance of un-reinforced masonry buildings, which are the structurally weakest and most damage-prone type of building.
Figure 2-6. NEHRP map displaying 90 percent probability of non-exceedance during a 50 year time interval

[image: image7.png]O=NWhrUTON®O

20°w 85°W 80°W 75°W
: = 2.
o, Py <,
5 .
T
35°N 35°N
20°w 85°W 80°W 75'W

Peak Acceleration (%g) with 10% Probability of Exceedance in 50 Years
site: NEHRP B-C boundary

U.S. Geological Survey
National Seismic Hazard Mapping Project b

Albers Conic Equal-Area Projection
: 29.5 and 45.5 deg|





Figure 2-7. NEHRP map displaying 98 percent probability of non-exceedance during a 50 year time interval
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Figure 2-8. Earthquake Acceleration
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Hurricane/Coastal Hazards
Hurricanes

Definition

Hurricanes are cyclonic storms that originate in tropical ocean waters poleward of about 5 degrees latitude
. Hurricanes are heat engines, fueled by the release of latent heat that results from the condensation of warm water. Their formation requires several elements, including: a low-pressure disturbance; sufficiently warm sea surface temperature; rotational force caused by the spinning of the earth; and the absence of wind shear in the lowest 50,000 feet of the atmosphere. 

Hurricanes can produce an array of hazardous weather conditions, including storm surge, high winds, torrential rain, and tornadoes.

Description

Hurricanes have the greatest potential to inflict damage as they move from the ocean and cross the coastline. (The on-shore arrival of a hurricane is called landfall.) Because hurricanes derive their strength from warm ocean waters, hurricanes are generally subject to deterioration once they make landfall. The forward momentum of a hurricane can vary from just a few miles per hour to up to 40 mph. This forward motion (combined with a counterclockwise surface flow) makes the hurricane’s right-front quadrant the location of its most potentially damaging winds.

Hurricane intensity is measured using the Saffir-Simpson Scale, ranging from 1 (minimal) to 5 (catastrophic), as shown in Table 2-7 and Table 2-8. The scale categorizes hurricane intensity linearly, based upon maximum sustained winds, minimum barometric pressure, and the potential for storm surge. These factors combine to create an estimate of the potential flooding and damage to property, given a hurricane’s estimated intensity. 
Table 2-7. Saffir-Simpson Hurricane Scale 
(Simpson and Reihl, 1981)

	SAFFIR-SIMPSON SCALE

	Saffir-Simpson Category
	Maximum sustained

Wind Speed
	Minimum

Surface Pressure

	
	MPH
	Meter/Sec
	Knots
	Millibars

	1
	74–96
	33–42
	64–83
	Greater than 980

	2
	97–111
	43–49
	84–96
	979–965

	3
	112–131
	50–58
	97–113
	964–945

	4
	132–155
	59–69
	114–135
	944–920

	5
	156+
	70+
	136+
	Less than 920


Hurricanes can be categorized as major hurricanes (which are considered the most potentially dangerous) with a Saffir-Simpson classification of 3, 4, or 5 (Landsea, 1998)
. These intense hurricanes cause much of the hurricane-related damage in the United States, even though they account for only a small portion of tropical cyclone landfalls.  
Table 2-8. Examples of Hurricane Damage by Saffir-Simpson Category

	HURRICANE CATEGORY DAMAGE EXAMPLES

	Category
	Level
	Description
	Example

	1
	Minimal
	Damage primarily to shrubbery, trees, foliage, and unanchored homes. No real damage to other structures.  Some damage to poorly constructed signs. Low-lying coastal roads inundated, minor pier damage, some small craft in exposed anchorage torn from moorings.
	Hurricane Jerry 

(1989)

	2
	Moderate
	Considerable damage to shrubbery and tree foliage; some trees blown down. Major damage to exposed mobile homes.  Extensive damage to poorly constructed signs. Some damage to roofing materials of buildings; some window and door damage. No major damage to buildings. Coast roads and low-lying escape routes inland cut by rising water two to four hours before arrival of hurricane center. Considerable damage to piers. Marinas flooded. Small craft in unprotected anchorages torn from moorings. Evacuation of some shoreline residences and low-lying areas required.
	Hurricane Bob 

(1991)

	3
	Extensive
	Foliage torn from trees; large trees blown down. Almost all poorly constructed signs blown down. Some damage to roofing materials of buildings; some wind and door damage. Some structural damage to small buildings. Mobile homes destroyed. Serious flooding at coast and many smaller structures near coast destroyed; larger structures near coast damaged by battering waves and floating debris. Low-lying escape routes inland cut by rising water three to five hours before hurricane center arrives. Flat terrain five feet or less above sea level flooded inland eight miles or more.  Evacuation of low-lying residences within several blocks of shoreline possibly required.
	Hurricane Gloria (1985)

	4
	Extreme
	Shrubs and trees blown down; all signs down. Extensive damage to roofing materials, windows and doors. Complete failures of roofs on many small residences. Complete destruction of mobile homes. Flat terrain 10 feet or less above sea level flooded inland as far as six miles. Major damage to lower floors of structures near shore, due to flooding and battering by waves and floating debris. Low-lying escape routes inland cut by rising water three to five hours before hurricane center arrives. Major erosion of beaches. Massive evacuation of all residences within 500 yards of shore possibly required, as well as the evacuation of single-story residences within two miles of shore.
	Hurricane Andrew (1992)

	5
	Catastrophic
	Shrubs and trees blown down; considerable damage to roofs of buildings; all signs down. Very severe and extensive damage to windows and doors. Complete failure of roofs on many residences and industrial buildings. Extensive shattering of glass in windows and doors. Some complete building failures. Small buildings overturned or blown away.  Complete destruction of mobile homes. Major damage to lower floors of all structures less than 15 feet above sea level and within 500 yards of shore. Low-lying escape routes inland cut by rising water three to five hours before hurricane center arrives. Massive evacuation of residential areas on low ground within 5 to 10 miles of shore possibly required.
	Hurricane Camille (1969)


Historical Occurrences

North Carolina has an extensive hurricane history dating back to colonial times, with notable 19th Century storms occurring in 1837, 1846, 1856, 1879, 1883, and 1899. Within the 20th Century, the mid-1950s proved to be an exceptionally busy time for hurricanes in North Carolina, including Hazel (1954), Connie (1955), Diane (1955), and Ione (1955). Between 1960 and 1990, a relative lull occurred in the number of major hurricanes that made landfall, with only one major storm (Hurricane Donna in 1960) coming ashore. Recent years, however, have proved busy, with Hugo (1989), Emily (1993), Opal (1995), Bertha (1996), Fran (1996), Bonnie (1998), Dennis (1999), Floyd (1999), Irene (1999), Isabel (2003), Ivan (2004), Ophelia (2005), Earl (2010) and Irene (2011) all causing destruction within the state. Despite its impact in other areas of the country, Hurricane Sandy (2012) was not considered a significant event in North Carolina. Twelve significant hurricanes that impacted North Carolina are listed in Table 2-9, along with key details of each event.

Table 2-9. Significant Hurricanes in North Carolina, 1879-2012 
	SIGNIFICANT HURRICANES IN NORTH CAROLINA 1879-2011

	Name/Date
	Category

(in NC)
	Maximum Wind
	Pressure (in NC) inches Hg
	NC Deaths
	NC Damage

(in millions $)

	Aug. 1879
	4
	168
	N/A
	40+
	N/A

	Sept. 1883
	3
	100+
	N/A
	53
	N/A

	Aug. 1899
	4
	140
	N/A
	25
	N/A

	Sept. 1933
	3
	125
	28.26
	21
	3

	Sept. 1944
	3
	110
	27.97
	1
	1.5

	Hazel, 1954
	4
	150
	27.70
	19
	136

	Ione, 1955
	3
	107
	28.00
	7
	88

	Donna, 1960
	3
	120
	28.45
	8
	25

	Diana, 1984
	3
	115
	28.02
	3
	85

	Gloria, 1985
	3
	100+
	27.82
	1
	8

	Hugo, 1989
	3
	100
	28.88
	7
	1,000

	Emily, 1993
	3
	111
	29.00
	0
	13

	Floyd, 1999
	4
	155
	27.2
	13
	4,500

	Ivan, 2004
	N/A
	<39
	26.9
	8
	13.4

	Irene, 2011
	1
	96
	27.82
	6
	275.2


Table 2-10 lists the hurricanes that impacted North Carolina between Sept. 31, 1993, and April 30, 2012 (NCDC, 2012)
. Each event is described in expanded detail following the table.

Table 2-10. Detailed Hurricane History of North Carolina (1993-2012)

	NORTH CAROLINA DETAILED HURRICANE HISTORY

	#
	Event
	Duration
	Location
	Severity
	Extent of Damages

	1
	Hurricane Emily
	08/31/1993
	Hyde, Carteret
	Injuries: 1
	Property: $50 million

	2
	Hurricane Gordon
	11/17/1994
	Carteret, Currituck, Dare, Hyde
	
	Property: $500,000

	3
	Hurricane Felix
	08/15/1995
	Carteret, Currituck, Dare, Hyde, Onslow, Pamlico
	Fatalities: 1
	Property: $500,000

Crops: $500,000

	4
	Hurricane Bertha
	07/12/1996
	Alamance, Anson, Bertie, Beaufort, Brunswick, Camden, Carteret, Chatham, Chowan, Craven, Cumberland, Currituck, Dare, Davidson, Duplin, Durham, Edgecombe, Forsyth, Franklin, Gates, Granville, Greene, Guilford, Halifax, Harnett, Hertford, Hoke, Hyde, Johnston, Jones, Lee, Lenoir, Martin, Montgomery, Moore, Nash, New Hanover, Northampton, Onslow, Orange, Pamlico, Pasquotank, Pender, Perquimans, Person, Pitt, Randolph, Richmond, Sampson, Scotland, Stanly, Tyrrell, Vance, Wake, Warren, Washington, Wayne, Wilson
	Fatalities: 1

Injuries: 10
	Property: $167.5 million

Crops: $144.5 million

	5
	Hurricane Eduoard
	08/29/1996
	Carteret, Dare
	
	

	6
	Hurricane Fran
	09/04/1996–09/05/1996
	Alamance, Anson, Beaufort, Bertie, Brunswick, Camden, Carteret, Chatham, Chowan,  Craven, Cumberland, Currituck, Dare, Davidson, Duplin, Durham, Edgecombe, Forsyth, Franklin, Gates, Granville, Greene, Guilford, Halifax, Harnett, Hertford, Hoke, Hyde, Johnston, Jones, Lee, Lenoir, Martin, Montgomery, Moore, Nash, New Hanover, Northampton, Onslow, Orange, Pamlico, Pasquotank, Pender, Perquimans, Person, Pitt, Randolph, Richmond, Sampson, Scotland, Stanly, Tyrrell, Vance, Wake, Warren, Washington, Wayne, Wilson
	Fatalities: 13 

Injuries: 6
	Property: $1.2 billion

Crops: $49 million

	7
	Hurricane Bonnie
	08/26/1998–08/28/1998
	Beaufort, Bertie, Brunswick, Camden, Carteret, Chowan, Craven, Cumberland, Currituck, Dare, Duplin, Edgecombe, Franklin, Greene, Harnett, Hoke, Hyde, Johnston, Jones, Lenoir, Martin, Nash, New Hanover, Onslow, Pamlico, Pasquotank, Pender,  Perquimans, Pitt, Sampson, Tyrrell, Wake, Washington, Wayne, Wilson
	Fatalities: 1
	Property: $92 million

Crops: $237.1 million

	8
	Hurricane Dennis
	08/30/1999–09/04/1999
	Alamance, Anson, Beaufort, Bertie, Brunswick, Camden, Carteret, Chatham, Chowan, Craven, Cumberland, Currituck, Dare, Davidson, Duplin, Durham, Edgecombe, Forsyth, Franklin, Granville, Greene, Guilford, Halifax, Harnett, Hoke, Hyde, Johnston, Jones, Lee, Lenoir, Martin, Montgomery, Moore, Nash, New Hanover, Onslow, Orange, Pamlico, Pasquotank, Pender, Perquimans, Person, Pitt, Randolph, Richmond, Sampson, Scotland, Stanly, Tyrrell, Vance, Wake, Warren, Washington, Wayne, Wilson
	
	Property: $110,000

Crops: $3 million

	9
	Hurricane Floyd
	09/14/1999–09/15/1999
	Alamance, Anson, Beaufort, Bertie, Brunswick, Camden, Carteret, Chatham, Chowan, Craven, Cumberland, Currituck, Dare, Davidson, Duplin, Durham, Edgecombe,  Franklin, Granville, Greene, Guilford, Halifax, Harnett, Hoke, Hyde, Johnston, Jones, Lee, Lenoir, Martin, Montgomery, Moore, Nash, New Hanover, Onslow, Orange, Pamlico, Pasquotank, Pender, Perquimans, Person, Pitt, Randolph, Richmond, Sampson, Scotland, Stanly, Tyrrell, Vance, Wake, Warren, Washington, Wayne, Wilson 
	Fatalities: 13
	Property: $3.5 billion

Crops: $981 million

	10
	Hurricane Irene
	10/16/1999–

10/17/1999
	Beaufort, Bertie, Camden, Carteret, Chowan, Craven, Currituck, Hyde, Onslow, Pamlico, Pasquotank, Perquimans
	Fatalities: 1
	Property: $31,000

	11
	Hurricane Isabel
	09/17/2003–09/18/2003
	Beaufort, Bertie, Camden, Carteret, Chowan, Craven, Cumberland, Currituck, Dare, Duplin, Durham, Edgecombe, Franklin, Gates, Granville, Greene, Halifax, Hertford, Hyde, Jones, Lenoir, Martin, Nash, Northampton, Onslow, Pamlico, Pasquotank, Perquimans, Person, Pitt, Tyrrell, Vance, Wake, Warren, Washington, Wayne, Wilson
	Fatalities: 2
	Property: $463.7 million

Crops: $14.3 million

	12
	Hurricane Alex
	08/03/2004
	Beaufort, Carteret, Craven, Dare, Hyde, Onslow, Pamlico, Tyrrell, Washington
	
	Property: $7.6 million

	13
	Hurricane Charley
	08/14/2004
	Beaufort, Bladen, Brunswick, Carteret, Columbus, Craven, Dare, Duplin, Greene, Hyde, Jones, Lenoir, Martin, New Hanover, Onslow, Pamlico, Pender, Pitt, Tyrrell, Washington
	Injuries: 3
	Property: $17 million

Crops: $5.4 million

	14
	Hurricane Ophelia
	09/13/2005–09/14/2005
	Beaufort, Brunswick, Carteret, Craven, Dare, Duplin, Greene, Hyde, Jones, Lenoir, Martin, New Hanover, Onslow, Pamlico, Pender, Pitt, Tyrrell, Washington
	Injuries: 5
	Property: $50.5 million

Crops: $11.5 million

	15
	Hurricane Ivan
	9/18/2004
	Alamance, Alleghany, Ashe, Avery, Buncombe, Burke, Caldwell, Caswell, Davidson, Forsyth, Graham, Guilford, Haywood, Henderson, Jackson, Macon, Madison, McDowell, Mitchell, Polk, Randolph, Rockingham, Rutherford, Stokes, Swain, Transylvania, Watauga, Wilkes, and Yancey .
	Fatalities: 8


	Property: $13.4 million



	16
	Hurricane Earl
	9/01/2010
	Beaufort, Bertie, Brunswick, Camden, Carteret, Chowan, Columbus, Craven, Currituck, Dare, Duplin, Edgecombe, Gates, Greene, Halifax, Hertford, Hyde, Jones, Lenoir, Martin, New Hanover, Northampton, Onslow, Pamlico, Pasquotank, Pender, Perquimans, Pitt, Tyrrell, and Washington .
	Fatalities: 0

Injuries: 0
	Property: $380,000

Crops: $2.58 million

	15
	Hurricane 

Irene
	8/27/2011 – 8/28/2011
	Beaufort , Bertie , Bladen , Brunswick , Camden , Carteret , Chowan , Columbus , Craven , Currituck , Dare , Duplin , Edgecombe , Gates , Greene , Halifax , Hertford , Hyde , Johnston , Jones , Lenoir , Martin , Nash , New Hanover , Northampton , Onslow , Pamlico , Pasquotank , Pender , Perquimans , Pitt , Sampson , Tyrrell , Vance , Warren , Washington , Wayne , and Wilson.


	Fatalities: 6

Injuries: 0
	Property: $237.2 million

Crops: $38.00 million


North Carolina Hurricane Event Overviews

Event # 1:  Hurricane Emily (08/31/1993)
Hurricane Emily formed on Aug. 22, 1993, about 600 miles east-northeast of the Leeward Islands. It followed a course that varied between west and northwest, eventually bringing the western part of the eye wall over the Outer Banks of North Carolina on the Aug. 31. The center of the broad eye of Emily made its closest approach to land on this day, moving to a point 25 miles east of Cape Hatteras. The highest sustained winds at Cape Hatteras with Emily were 60 mph with gusts up to 98 mph. Another anemometer in Buxton recorded gusts of 107 mph with highest sustained winds of about 75 mph. Nearly all of the estimated $12.6 million in damages caused by Emily occurred in Dare County (on Hatteras Island, south of Avon). Damages were caused mainly by straight-line winds and sound-side flooding resulted in 553 dwellings being deemed uninhabitable. No fatalities occurred during the storm, but one resident broke her collarbone while fleeing a flooded house. Severe flooding occurred from Avon south to Hatteras Village, a distance of 17 miles. Sound water levels rose to 10.5 feet above normal just north of Buxton, and to 8.5 feet above normal in the villages of Frisco and Hatteras. This exceeded the amount of sound-side flooding brought by any other storms to strike Frisco and Hatteras during the 20th Century. Some residents who had not evacuated the areas were forced to take refuge in their attics, in order to escape the rising waters. 

Event # 2:  Hurricane Gordon (11/17/1994)
Hurricane Gordon exerted a major impact on the weather experienced along the North Carolina coast. The storm remained offshore on Nov. 17, 1994, but caused significant flooding and strong winds all along the central and northern Carolina coast. The flooding began on Hatteras Island, with about 12 inches of overwash. Route 12 was closed between Kitty Hawk Road and Historic Street due to overwash and debris. Diamond Shoals lighthouse reported wind gusts of up to 75 mph. Water overflowed the sandbags being used on Pea Island. Significant beach erosion occurred because of the length of time Gordon remained in the area. Wrightsville Beach was hit particularly hard. Several beachfront cottages in Kitty Hawk sustained major damage or were completely destroyed. 

Event # 3:  Hurricane Felix (08/15/1995)
Hurricane Felix came within 200 miles of Cape Hatteras and stalled for several hours, before then drifting to the north and east, away from the coast. Highway 12 began experiencing flooding on the Aug. 16 and continued sporadically through Aug. 20.  Minor structural damage was reported on the Outer Banks, where a peak wind gust of 43 mph was reported. One drowning occurred near Emerald Isle because of strong rip currents. Officials in Carteret County reported a tourism loss of $1.2 million. 

Event # 4:  Hurricane Bertha (07/12/1996)
The eye of Hurricane Bertha moved inland near Surf City late in the afternoon of July 12, 1996. The barrier islands evacuated 30,000 residents and 700 were sheltered. Forty houses were undermined by beach erosion and four other houses were destroyed. Winds gusted near 105 mph, and 6 to 8 inches of rain caused widespread flooding and loss of crops inland. The affected area was declared a federal disaster area. 

Hurricane Bertha moved across northeast North Carolina on July 12 and 13. The center of Bertha moved ashore near Wrightsville Beach, N.C., shortly before 5 p.m. on Friday, July 12. Spiral bands around the northern and eastern side of the storm affected northeast North Carolina from early Friday evening until the early morning hours of Saturday. The highest sustained wind speed recorded at the Elizabeth City Coast Guard Station (ECG) was 45 mph, with gusts up to 55 mph. Numerous trees and power lines were blown down, which resulted in scattered property damage and widespread power outages.  Coastal Pasquotank and Camden counties experienced approximately a 4-foot storm surge in the Albemarle Sound, flooding coastal sections of these counties. A 5-foot storm surge extended up the Pasquotank River, inundating Elizabeth City. Chowan, Hertford, and Gates Counties experienced a 1- to 2-foot storm surge from the Albemarle Sound, causing minor flooding in Edenton. Currituck County reported only minor flooding from the Currituck Sound. Rainfall amounts generally ranged from 2.5 to 4.5 inches and caused some street flooding. The lowest sea level pressure recorded at the Elizabeth City Coast Guard Station (ECG) was 999 millibars (mb). 

Bertha moved along the edge of the National Weather Service Forecast Office’s (NWSFO’s) Raleigh warning area. Three counties sustained substantial crop damage: Wayne County ($12 million); Wilson County ($7 million); and Johnston County ($2 million). Structural damage was light and was primarily caused by trees falling on homes and cars. Wayne County was hit the hardest, with $500,000 of estimated property damage. Power outages were widespread in the eastern counties as trees damaged power lines. Two F0 tornadoes occurred:  one in Wake County and another in Wilson County.  No injuries or deaths were reported. The highest wind recorded was 60 mph at Seymour Johnson Air Force Base (AFB) near Goldsboro. The greatest rainfall was 4 inches, also recorded at Seymour Johnson AFB. 

Bertha slammed into the North Carolina coastline between Surf City and North Topsail Beach, causing severe damage to property, utilities, and roads. Agricultural crops were impacted most severely, with farmers suffering losses in excess of $126 million. The heaviest damage occurred in Topsail Beach and all of Onslow County, then up the coast to Emerald Isle in Carteret County. In Onslow County alone, 199 structures were destroyed (117 of which were mobile homes). An 8- to 10-foot storm surge struck Swansboro and Emerald Isle. Several businesses were flooded. Water flowed through the streets of Belhaven in Beaufort County, where the surge was around 7 feet. In New Bern, numerous boats were sunk or damaged at three private marinas. Fishing piers were demolished all along the coast. The New River Marine Corps Air Station in Jacksonville reported a peak wind gust of 108 mph. Rainfall across the region ranged from 8 inches in the Hoffman Forest (Onslow County) to 6.5 inches in Broad Creek, to over 5.5 inches in Snow Hill and Washington. 

The eye of Bertha passed 10 miles east of Bald Head Island on its northward track. Most measurements recorded winds less than 90 mph, but a gust of 101 mph was measured at the state pilot house at Southport. The Barrier islands were evacuated and 1,500 residents were sheltered. The six piers survived, and beach erosion was largely confined to the east end of Holden Beach, where 5 to 10 feet of erosion undermined an already condemned house. The structural and property damage that were observed were mostly minor in nature. The arrival of approximately 8 inches of rain brought widespread flooding and numerous power outages. The affected area was declared a federal disaster area. 

The eye of Bertha moved northward up the coast between 2 and 4 p.m. EST. Just prior to that time, the strongest winds were gusting from the northeast at 92 mph at Kure Beach (1:35 p.m.), and three roofs were blown off and all 3 structures were damaged. Four piers were seriously damaged, and 2 feet of water covered Carolina Beach. In contrast, Wrightsville Beach and Figure 8 Island sustained little damage. A mandatory evacuation of 40,000 persons was required from the beaches. Damage to New Hanover County Regional Medical Center was determined to be $2 million. Approximately 1,500 homes and 250 businesses were damaged. Raw sewage escaped to Burnt Mill Creek. The affected area was declared a federal disaster area. 

Event # 5:  Hurricane Eduoard (08/29/1996)
On Aug. 29, 1996, Hurricane Eduoard passed within 250 miles of Cape Hatteras on its journey northward through the Atlantic waters. High swells and heavy surf affected the coastline with some ocean overwash on Hatteras Island north of Buxton and Rodanthe. The event continued until Sept. 2. 

Event # 6:  Hurricane Fran (09/04/1996–09/05/1996)
Hurricane Fran moved onshore near Cape Fear on the evening of Sept. 6, 1996, and raced north toward Raleigh, cutting a swath of destruction as it traveled. The Category 3 hurricane destroyed or damaged 90 percent of the homes located in North Topsail Beach.  The town hall and police station were destroyed. A 15-foot storm surge cut a 100-foot-wide inlet through the middle of the island. A Camp Lejeune-based Marine lost his life when he and two others mistakenly drove onto the island at the height of the storm. State Route 1568 was washed out and NC 210 was covered with sand. Damages in North Topsail Beach and Onslow County alone exceeded $500 million, as 6,688 structures were either destroyed or damaged. In Carteret County, Emerald Isle reported 67 homes destroyed and 409 that had experienced major damage. Thirty-three mobile homes were destroyed. The Emerald Isle fishing pier was destroyed, and Bogue Sound Pier lost 150 feet. Dune elevation was reduced by 5 to 20 feet due to erosion. Winds gusted up to 100 mph at Atlantic Beach. Storm surge in Swansboro was measured at 10 feet. Several businesses along the waterfront were destroyed and water covered Main Street. Storm surges approaching 9 feet flooded portions of Washington and Belhaven. The storm surge in Washington was the highest recorded since the unnamed hurricane that occurred on Sept. 3, 1912. New Bern experienced a storm surge of 10 feet on the Neuse River. One bridge was closed when an approach road collapsed. Other bridges were washed out near Stella and Swansboro. One motorist was killed near Greenville when his car struck a tree. In Duplin County (near Rose Hill), a resident perished when the chimney in her home collapsed. Another resident died when a tree fell through her trailer, located in Catherine Lake in Onslow County. Measured wind gusts approached speeds of 94 mph at the New River Marine Corps Air Station in Jacksonville, and 92 mph at Duke Marine Labs in Beaufort. 

Hurricane Fran was the worst natural disaster in terms of economics in North Carolina history. In the RAH county warning area alone, the damage exceeded $2 billion. Damage to crops, livestock, and farm equipment/buildings was more than $400 million. The agricultural damage was the greatest in Sampson, Johnston, and Wayne counties. Several hundred thousand trees were uprooted or broken. Tens of thousands of homes were damaged by falling trees. Almost every neighborhood in the path of the storm’s center was affected. The copious rainfall produced many severe flash floods and river floods. The flooding experienced by the Haw River (at the town of Haw River), the Neuse River (at Smithfield and Goldsboro), and the Tar River (at Louisburg and Rocky Mount) approached or exceeded the highest floods on record. Many homes located in the floodplain had to be evacuated. The most massive evacuation occurred in Goldsboro, where residents of 550 homes had to be relocated to public shelters. Hundreds of cars in Goldsboro were damaged by water; many of these vehicles were so deeply submerged beneath floodwater that only the tops of their radio antenna were visible from the surface. Many homes and businesses incurred heavy losses. Along the Crabtree Creek in Raleigh, which crested at its highest peak since 1973, hundreds of new cars from local auto dealerships floated in 6 feet of water. Scores of businesses reported heavy damage at the area’s largest shopping center. Basic living necessities were unavailable for several days, including milk, bread, drinking water, power, and telephone service. It took more than 10 days for power to be restored to many areas. Schools were closed for a week in the hardest-hit counties. Automobile travel was hazardous for days after the storm, due to fallen and falling trees. A full 12 days after the event, 150 secondary roads remained closed. 

Spiral bands associated with Hurricane Fran affected northeast North Carolina from the evening of Sept. 5 through the morning of Sept. 6. The highest sustained wind speed recorded at the Elizabeth City Coast Guard Station (ECG) was 43 mph, with the highest gust recorded at 55 mph. There were no confirmed tornadoes, but numerous trees and power lines were blown down across northeast North Carolina, resulting in assorted structural damage and power outages. Coastal Pasquotank and Camden counties experienced approximately a 6-foot storm surge in the Albemarle Sound, flooding coastal sections of these counties, including the business district of downtown Elizabeth City. Chowan County experienced a 4-foot surge from the Albemarle Sound, causing some flooding in Edenton. Currituck County received only minor flooding from the Currituck Sound. The heaviest rain fell across the inland counties of northeast North Carolina, where amounts generally ranged from 1.5 to 3.5 inches. Some roads were flooded due to the rainfall. 

The eye of Hurricane Fran passed over eastern Brunswick County with winds measured as high as 109 mph at Long Beach. The storm surge was approximately 6 feet, with beach erosion around 15 feet on the eastern islands. Seven beach houses on the east end of Holden Beach were damaged or destroyed. Emergency shelters housed 1,750 residents and vacationers.

The center of Fran’s eye (which measured approximately 25 miles across), passed up the Cape Fear River during the evening, with winds gusting around 110 mph, storm surge recorded at 12 feet MSL, and 40-foot beach erosion, which destroyed most docks and piers. County infrastructure suffered $5 million in damage. Schools experienced $2 million in damage. Power outages lasted for more than a week in some areas. Pleasure Island was hit hard, as 25 homes were carried off their foundations and many others were badly damaged. Wrightsville Beach was not hit as hard, but 15 homes suffered at least 75 percent damage. In Wilmington, 14 homes were destroyed and 385 homes suffered major damage. The 197-foot tall steeple of the 130-year-old First Baptist Church fell. Shelters housed 880 evacuees. 

Fran’s eye then moved across Pender County. On Topsail Island, a 12-foot storm surge caused 40 feet of beach erosion and wiped out dunes as overwash destroyed most of the first row of beach houses and heavily damaged the rest. Damage to Surfside Beach and Topsail Beach was $112 million. The rest of the county experienced more than $50 million in structural damage, with 161 buildings destroyed and 585 more sustaining major damage (including the roof being blown off the county courthouse). Marketable timber loss was $37 million. Two people died: a woman found on a mattress in the marsh and a man floating in the Scotts Hill Marina Boat Basin. Shelters housed more than 600 evacuees. 

Event # 7:  Hurricane Bonnie (08/26/1998–08/28/1998) 

Hurricane Bonnie, a minimal Category 3 hurricane, approached the coast of North Carolina on Aug. 26, 1998. The slow-moving hurricane initially crossed Cape Fear during the late afternoon on the 26th, then pivoted northeast along the North Carolina coast during that evening. With part of the circulation center on land, the storm weakened to a Category 1 storm in the early morning hours of Aug. 27 before making landfall near the Onslow/Pender county line. The storm then continued to move slowly northeast at speeds of 10 mph or less. Bonnie was downgraded to a tropical storm during the afternoon of the 27th but later was reclassified as a hurricane as she moved off Kitty Hawk late in the evening. Bonnie was a unique storm in that the strongest winds were not located around the center of circulation like a typical hurricane but encompassed a large area in the eastern semi-circle. The most damaging winds were contained in the precursor rain bands where localized downbursts produced significant damage, especially along the coast of Carteret County, which appeared to sustain the most damage from the storm.  

Hurricane Bonnie made landfall at Bald Head Island during the mid-afternoon hours of Aug. 26, 1998, and took two hours to exit the county. Wind reports recorded wind speeds as high as 93 mph at Southport, where damage was most extensive, the 50-foot steeple was blown down from the Mt. Carmel Methodist Church, and many trees and homes suffered damaged. Rainfall ranged from approximately 7 inches in the east side of the county (where there was extensive ponding of water), to 2 inches in the west. Storm surge was 5 to 8 feet on the eastern barrier islands, with 2 feet overwash reported on Bald Head Island. Extensive beach erosion occurred on the eastern end of Holden Beach, where up to 20 feet of dune was lost and some homes were undermined. In Supply, the Brunswick Community Hospital suffered the loss of 3,000 square feet of roof and an air conditioner. Approximately 12,000 people were evacuated from the coast with 3,000 going to emergency shelters. Crops lost included cotton, soybeans, corn, and tobacco. The affected area was declared a federal disaster area. 

Bonnie then made landfall at Cape Fear during the late afternoon and moved up the coast, with the stronger east side of the storm remaining offshore. Wind gusts were generally around 100 mph along the coast, but were lighter inland. At the airport, gusts reached 74 mph. Rainfall amounts were approximately 10 inches, causing ponding of water and flooding across the north end of the county around Castle Hayne. Storm surge was 7 to 9 feet, with most barrier island overwash arriving from the sound side—not the ocean side. The affected area was declared a federal disaster area. 

Bonnie moved along the coast of northeast North Carolina on Aug. 27. Very strong winds and heavy rains associated with Bonnie’s spiral bands hammered northeast North Carolina from the afternoon of Aug. 26 into the early morning hours of Aug. 27. The highest sustained wind speed recorded at the Elizabeth City Coast Guard Station (ECG) was 59 mph, with gusts of up to 73 mph. The Currituck County EOC reported a gust of 93 mph. Numerous trees and power lines that were blown down resulted in scattered property damage and widespread power outages. A 12-year-old girl was killed when a large tree fell on her home. Coastal Pasquotank and Camden counties in North Carolina experienced approximately a 6-foot surge in the Albemarle Sound, flooding coastal sections of those counties (including the business district of downtown Elizabeth City). Chowan County experienced a 5 to 6 foot surge from the Albemarle Sound, causing some flooding in Edenton. Currituck County reported only minor flooding from the Currituck Sound. Rainfall amounts generally ranged from 1 to 3 inches and caused some street flooding. The lowest sea level pressure recorded at the Elizabeth City Coast Guard Station (ECG) was 995.7 mb. 

Bonnie moved slowly up the county coastline with the more powerful wind on the east side of the storm remaining offshore. The highest wind gust reported was 98 mph at Topsail Beach. Rainfall was approximately 10 inches, causing widespread flooding and the closing of many roads through mid-morning of Aug. 27. Storm surge was 5 to 7 feet, with minor barrier island overwash from the sound side, and little (if any) overwash from the ocean side. The affected area was declared a federal disaster area. 

The slow movement of the storm contributed to excessive rainfall amounts, with totals of 7 to 10 inches common across eastern North Carolina. Since much of the region had experienced below-normal rainfall during the summer months, the resulting flood was not as damaging as it could have been. The southeast Cape Fear River in Duplin County experienced the most significant flooding, with areas near Chinquapin reporting high water. Elsewhere, flooding of poor drainage and low-lying areas predominated.  Coastal/storm surge flooding was not as extensive as with Hurricanes Fran or Bertha, but several locations did report significant problems. The hardest hit area was Belhaven, where storm surge flooding along the Pungo River flooded two thirds of the homes in the area with water levels as high as 6 feet above normal. Other coastal flooding was reported at various locations: in Mann’s Harbor and Stumpy Point in Dare County; Washington in Beaufort County; near Hobucken in Pamlico County; Swansboro in Onslow County; and along the south shore of the Albemarle Sound in Washington and Tyrrell counties. Many docks, piers, and bulkheads were damaged or destroyed by the storm. Along the Outer Banks, sound-side flooding from the Pamlico Sound late on Aug. 27 and early on Aug. 28 produced water levels 4 to 6 feet above normal in Manteo on Roanoke Island and over portions of Hatteras Island, where Route 12 was closed briefly due to high water.  

Storm surge at the beaches of Onslow and Carteret counties was generally 3 to 5 feet above normal with moderate beach erosion. North Topsail Beach lost most of the protective dunes constructed after the hurricanes of 1996. Tens of thousands of tires, part of an artificial reef, washed up on the shore of Bogue Banks. Wind damage was greatest along Bogue Banks, where two hotels and one department store lost roofs. The Iron Steamer and Indian Beach piers sustained significant damage, losing large sections due to the combination of wind and rough surf. The hurricane also produced seven confirmed tornadoes during the afternoon and evening of Aug. 26. The heavy rains and strong winds also led to significant crop damage, with Onslow County reporting over $110 million in damages. Several minor injuries occurred. 

Bonnie made landfall along the southern coast of North Carolina. Only fringe effects were felt in the central sections of the state. Rain bands associated with Bonnie spread inland as far west as Louisburg, Raleigh, Raven Rock, Fort Bragg, and Fayetteville. Torrential rains and strong gusty winds accompanied the rain bands through the night on Aug. 27 and into the daylight hours on Aug. 28. The strongest winds were recorded over Sampson and Wayne counties, where gusts exceeding 50 mph occurred.  Elsewhere, gusts to 40 mph occurred with the rain bands. Damage was sporadic and confined to the southeast portions of central North Carolina. About 20 roads were blocked for several hours in Harnett County and there were numerous reports of trees being blown down across Sampson, Wayne, Johnston, Wilson, Harnett, and Cumberland counties. About 10,000 residents lost power in these areas at some point during the storm.  Tobacco losses were extensive. The estimated total value of the tobacco crop lost due to Bonnie ranged from $25 to $50 million. Rainfall amounts averaged 2 to 4 inches over the eastern Piedmont and Sandhills, with amounts dropping rapidly west of Raleigh and Fayetteville. For example, downtown Raleigh recorded around 2 inches of rain, while the Raleigh/Durham Airport (10 miles west of downtown) recorded only 1/3 of 1 inch. Elsewhere, some of the higher recorded amounts of rainfall included: Wilson (4.94 inches); Clinton (4.45 inches); Goldsboro (3.74 inches); Erwin (2.80 inches); Clayton (2.76 inches); Rocky Mount (2.74 inches); and Fayetteville (2.17 inches). 

Event # 8:  Hurricane Dennis (08/30/1999–09/04/1999) 

Hurricane Dennis, a minimal Category 2 hurricane, approached the coast of North Carolina on Aug. 30, 1999. By 5 a.m., the hurricane was positioned approximately 100 miles south-southwest of Cape Lookout. By 1 p.m., the hurricane quickly moved to 75 miles south of Cape Hatteras and was downgraded to a Category 1 hurricane. By 11 p.m. on Aug. 31, the hurricane was downgraded to a tropical storm and was positioned approximately 105 miles west of Cape Hatteras. Tropical Storm Dennis was drifting at 4 mph and would remain in this quasi-stationary position for the next few days, only to return to eastern North Carolina and make landfall on September 4 along the Core Banks (just north of Cape Lookout). 

For most counties, Hurricane Dennis left relatively little damage in its wake. However, the Outer Banks experienced extreme beach erosion and storm surge effects. Unfortunately, the hurricane approached eastern North Carolina during one of the highest astronomical tides of the month. The dune structure on Hatteras Island was breached in numerous locations. Just north of Buxton, a 3,000-foot-long section of Highway 12 was completely lost. Ocean storm surges were 3 to 4 feet above normal.  Along the Neuse River, tides were 8 to 10 feet above normal. Numerous homes were flooded in the Harlowe, Adams Creek, and Club Foot Creek area. Many local residents reported this was the highest water level they had ever seen. In the New Bern area near the Trent River, 6 feet of water was reported. Oriental (in Pamlico County) reported tides 6 to 8 feet above normal. Residents of Cedar Island in Carteret County, Ocracoke in Hyde County, and others in Pamlico County reported this was the highest water seen there since 1933. The most damaging winds occurred along the Outer Banks. The Cape Lookout C-Man station reported sustained winds of 70 mph, with gusts up to 91 mph. The greatest rainfall occurred over Carteret, southern Craven, Hyde, and Dare counties. Doppler radar estimates were near 6 to 8 inches with isolated areas of 8 to 10. A Cooperative observer in Morehead City reported 7.83 inches of rain. No tornadoes were reported and only minor freshwater flooding. No fatalities were reported in direct relationship to Hurricane Dennis.  

Dennis was designated as a Category 2 storm as it moved up the South Carolina coast late on Aug. 29 and during the early morning hours of Aug. 30, passing Cape Fear at 4 a.m. EST, with the center of the eye located 60 miles offshore. Winds gusted to 112 mph at Frying Pan Tower, 35 miles offshore from Bald Head Island (Cape Fear). Along the coast, gusts were mostly in the 65-to-90-mph range, although a gust at Wrightsville Beach hit 111 mph. Rainfall of 5 to 9 inches caused extensive ponding of water. Although relatively minor, beach erosion was worst on Holden Beach in Brunswick County, where a teetering house fell off its pilings and a septic tank was exposed. In Wrightsville Beach in New Hanover County, a pair of power poles was snapped. 

From Aug. 30 through Sept. 5, Hurricane and Tropical Storm Dennis produced one of the most prolonged periods of tropical cyclone-related conditions experienced across northeast North Carolina. The highest sustained wind speed recorded at the Elizabeth City Coast Guard Station (ECG) was 39 mph with gusts of up to 52 mph. A few trees and power lines were blown down across northeast North Carolina, resulting in scattered power outages. Pasquotank, Camden, and Chowan counties experienced approximately a 2- to 3-foot surge in the Albemarle Sound, with some flooding occurring in the coastal sections of those counties. Also, a number of roads were flooded in Camden County, and the fire department was temporarily inundated. Rainfall amounts generally ranged from 5 to 7 inches across northeast North Carolina and caused some street flooding. The lowest sea level pressure recorded at the ECG was 1003.8 mb. 

After meandering off the coast and ruining the Labor Day weekend for millions of residents and vacationers, the remnants of Dennis finally moved inland across the central portion of the state on Sept. 5. Its main impact was to end the drought in the eastern half of the state. The Triangle received from 6 to 8 inches of rain with Chapel Hill peaking at 12 inches. The Interstate 40 corridor of counties also received massive amounts of rain, with totals in the 6- to 10-inch range. This water caused considerable urban and lowland flooding. Several main stem rivers also experienced flooding. The remaining winds generated by the remnants of Dennis were generally not a significant problem. There were many old, larger trees uprooted and widespread limb damage was reported. However, the wind and rain combination caused considerable crop damage. 

Event # 9:  Hurricane Floyd (09/14/1999–09/15/1999) 

Hurricane Floyd caused the largest peacetime evacuation in the history of the United States up to that point in time. The storm also caused massive record flooding across inland sections of eastern North Carolina. At one time, Floyd was classified as a Category 4 hurricane on the Saffir-Simpson scale, and will likely be categorized as one of the most costly hurricanes to strike the United States during the 20th century. 

Tropical Depression 8 (Hurricane Floyd’s initial designation) was detected by the National Hurricane Center at 4 p.m. EST on Sept. 7. The broad center was located nearly 1,000 miles west of the Lesser Antilles. At that time, the depression was moving toward the west at 14 mph, with maximum sustained winds of 30 mph. Within 12 hours, the depression gained strength, became a tropical storm, and was named Floyd. As it neared the Virgin Islands on the afternoon of Sept. 10 (just 415 miles west of San Juan), Floyd was officially designated as a hurricane. Hurricane Floyd rapidly intensified and by the evening of Sept. 12 was classified as a Category 4 hurricane. The hurricane continued to intensify. At its peak on the morning of Sept. 13, the winds increased to 155 mph and the central pressure bottomed-out at 921 mb. The position was 525 miles east-southeast of Miami and moving west at 14 mph. Fortunately for Floridians, Hurricane Floyd soon made an expected turn to the north. By 5 p.m. EST on Sept. 14, the entire North Carolina coast was under a hurricane watch, which at midnight was upgraded to a hurricane warning.  

That same night, the first outer rain bands began affecting eastern North Carolina and, in turn, reports of flooding began filtering into the National Weather Service office in Morehead City/Newport (MHX). At least 40 official shelters were opened across the county warning area. Severe weather and rainfall preceded landfall. By the night of Sept. 16, 20 tornado warnings had been issued, with over half of the possible tornado occurrences being verified. The greatest rainfall estimates from the MHX Doppler radar were over Duplin, Jones, Lenoir, Greene, Pitt, Martin, Craven, and Onslow counties.  Estimates were near 6 to 10 inches of rain, with isolated areas receiving 12 to 15 inches.  The greatest amount of rainfall (15.48 inches) was reported by a Cooperative observer in Washington. Tyrrell, eastern Carteret, eastern Pamlico, Hyde, and Dare counties all reported estimates of less than 3 inches. 

Hurricane Floyd made landfall on the morning of Sept. 16 near North Topsail Beach, as a Category 2 hurricane. The eye moved northeast over Jacksonville, New Bern, Washington, Plymouth and continued over the eastern shores of Virginia. As the hurricane moved over the eastern coast of North Carolina, it accelerated and weakened. It lost its tropical characteristics early on Sept. 17.  The University of Oklahoma Doppler-On-Wheels (DOW) team was positioned at Topsail Beach. Around 2 a.m. EST, the DOW recorded a sustained wind of 81 mph with gusts of up to 105 mph. The peak inland report in the MHX 15-county warning area was 82 mph at Cherry Point Marine Corp Air Station (NKT). The peak offshore report was 96 mph at Duck Pier. Similar to rainfall, the strongest ocean storm surges occurred west and northwest of the eye. Ocean storm surges were about 4 to 6 feet above normal, generally affecting Onslow, Carteret, and Hyde counties. This caused extensive beach erosion on the south facing beaches. Ocracoke Island officials reported at least 10 new dune breaks along Highway 12. In Carteret County, Pine Knoll Shores lost some 50 feet of beach. Emerald Isle lost an average of 14 feet and 52 public beach access walkways. The Oceana Pier on Atlantic Beach lost a 200-foot section and the remaining 200-foot section of Iron Steamer Pier that Hurricane Bonnie spared was also wiped out. Along the Albemarle Sound, storm tides were about 5 to 6 feet above normal. The Pamlico River storm tides ranged between 6 to 8 feet above normal. Water levels were especially high in Hyde County, Sladesville, and Scranton. Along the Neuse River, storm tides were also near 6 to 8 feet above normal, especially in the Core Creek area. Extreme flooding was experienced across most counties. Inland flooding exceeded that generated by hurricanes Bertha, Fran, Bonnie, and Dennis combined. Most counties reported their worst flooding ever. The Tar River in Greenville and the Neuse River in Kinston were nearly 15 feet above their flood stages of 13 and 14 feet, respectively. The Tar River remained above flood stage for nearly two weeks, while the Neuse River remained above flood stage for more than a month. The Northeast Cape Fear River in Chinquapin was 8 to 10 feet above the flood stage of 13 feet. The Roanoke River in Williamston rose to nearly 3 feet above its flood stage. Unbelievable numbers of homes were covered with water and over half a million customers throughout the county warning area were left without power. In Greenville alone, a 100-acre parcel of land would be needed to store all the mobile homes that were destroyed due to flooding.  

Unofficially, the flooding from Hurricane Floyd has been compared to that of a 500-year flood. At least 13 fatalities have been reported during the event in the 15-county warning area. Unfortunately, a majority of the deaths could have been avoided had the victims not tried to drive on flooded roadways. As with most hurricanes, inland flooding is now responsible for the largest percentage of fatalities. 

Floyd also produced more human misery and environmental impact on North Carolina than any disaster in memory. The 15 to 20 inches of rain that fell across the eastern half of the state caused every river and stream to flood. Many rivers set new flooding records. Whole communities were submerged for days, and some areas remained underwater for weeks. Thousands of homes were lost. Crop damage was extensive. The infrastructure of the eastern counties (composed mainly of roads, bridges, water plants, etc.) was heavily damaged. By the end of 1999, $1.5 billion of emergency funding had already been spent, with estimates that the cost would ultimately reach $3 to $4 billion. The counties within the Raleigh county warning area probably sustained more than half of the state total. Even worse was the loss of life, which occurred mainly due to flooding. Many North Carolinians did not heed the call to evacuate and many more attempted to drive through flooded areas. In the central part of the state, 21 people lost their lives. Also, a significant loss of livestock occurred, mainly involving swine and poultry.

Floyd, with wind gusts around 90 mph caused the widespread occurrences of downed trees and power outages. In Brunswick County, power was lost by 95 percent of the county. The wind did major damage to the roof of Brunswick Community Hospital. Storm surge was 7 to 9 feet on the east side of the county and 3 to 6 feet further west. Ocean Crest Pier, Long Beach Pier, and Sunset Beach Pier were hit hard. Ocean over wash was worst at Oak Island, where 4 miles of beach containing 100 oceanfront homes sustained $23 million in damage. Holden Beach sustained $8.8 million in damage, and 46 homes were condemned—many due to exposed septic tanks. Ocean Isle Beach suffered $6 million in damage: two houses were knocked off their foundations; 500 feet of roadway was lost; and 28 homes were declared unsafe. Sunset Beach experienced $1.25 million in damage and lost half its dune and a road, thus isolating 75 homes. However, it was the heavy rains that accumulated around 20 inches which caused the worst flooding in history. High water closed most roads (including US 17), isolating many areas. A dam broke at Boiling Springs Lakes, inundating the area. In New Hanover County, housing losses approached $25 million: eight homes were destroyed and more than 200 sustained major damage. Ocean storm surge was 9 to 10 feet, inundating barrier islands and causing extensive dune erosion.  

Record rainfall distinguished Floyd—the most rain ever in 24 hours at ILM Airport (14.84 inches) and a storm total 19.06 inches, causing widespread flooding. In Pender County, a 7- to 9-foot storm surge at the beach damaged the barrier islands, eroding half the dune. However, it was record rainfall with ensuing ponding and flooding of rivers that caused the most serious damage. The Northeast Cape Fear had the worst flood of the 20th Century, while the Black River flood was the worst experienced since 1945. Largely due to flooding, more than 1,000 homes suffered major damage and 200 more were condemned. More than 3,000 hogs, 90,000 turkeys, and 200 cows were lost due to drowning. Animal waste and septic tanks added pollution to the flooding. Two human fatalities occurred as motorists drove into flooded parts of highways. In Columbus and Bladen counties, wind gusts approached 75 mph in the eastern parts of the counties, downing trees and power lines. More than 15 inches of rain caused widespread flooding. In Robeson County, Hurricane Floyd caused wind gusts near 70 mph in eastern portions of the county, downing trees and power lines. Rainfall around 10 inches caused widespread flooding. 

Floyd was a Category 1 hurricane as it crossed the Wakefield WFO county warning area. Sustained tropical-storm-force winds with gusts up to near hurricane force occurred over the northwest quadrant of the storm, over interior portions of northeast North Carolina and along the coastal waters of the Wakefield marina area. The center of the storm crossed the county warning area along Elizabeth City to Currituck County, to Sandbridge Virginia Beach axis. The highest sustained wind speed recorded at the Elizabeth City Coast Guard Station (ECG) was 39 mph, with gusts to 64 mph. Two confirmed tornadoes occurred in association with Floyd, both in northeast North Carolina. Several thousand persons were evacuated and housed in several shelters from coastal jurisdictions. Hundreds of trees and power lines were blown down across northeast North Carolina, resulting in widespread power outages. Coastal Pasquotank and Camden counties experienced approximately a 5- to 6-foot surge in the Albemarle Sound, flooding coastal sections of those counties, including the business district of downtown Elizabeth City. Chowan County experienced a 5- to 6-foot surge from the Albemarle Sound, causing some flooding in Edenton. The lowest sea level pressure recorded at the ECG was 968.5 mb. 

Event # 10:  Hurricane Irene (10/16/1999–10/17/1999) 

At 10 a.m. EST on Oct. 13, the ninth tropical storm of the season was named. Tropical Storm Irene was positioned approximately 330 miles south-southwest of Havana, Cuba. The storm was moving north-northwest at speeds near 8 mph, with maximum sustained winds of 40 mph. By 4 a.m. EST the next day, Irene was upgraded to a hurricane. On Oct. 15, the storm crossed the Florida Keys and continued to bear down on the southwest Florida coast. As the storm crossed the southern Florida Peninsula, its winds slightly weakened. By Saturday morning, Hurricane Irene had moved offshore over the warm Atlantic Gulf Stream water. At the same time, the hurricane watches were extended north to include Cape Hatteras south; Irene was undoubtedly going to threaten the Carolinas. By Saturday afternoon the watch was upgraded to a warning with tropical storm warnings for north of Cape Hatteras. Fortunately, the path of the Category 1 hurricane paralleled the coast of eastern North Carolina. Since the eye remained offshore, so did the hurricane-force winds. In turn, storm surges were insignificant. Very minor beach erosion was experienced along the beaches in Onslow County and along Bogue Banks in Carteret County. The highest offshore wind was 67 mph, observed at Diamond Shoals C-Man platform. The peak inland wind reported was 47 mph at Cape Hatteras/Frisco. One F0 tornado was reported in Onslow County near the intersection of Highway 24 and Highway 17, causing only minor damage.  

Rainfall again played the largest single role during the event. The greatest rainfall estimates from the Doppler radar were reported over Craven, Pitt, Beaufort, Martin, Dare, and Hyde counties. Estimates ranged from 4 to 6 inches, with isolated areas receiving 8 to 10 inches. A spotter reported 11 inches in Craven County on Oct. 17 and Oct. 18.  This excessive rainfall caused many road closures and some areas of Lenoir County reported the accumulation of one foot of water on secondary roads. No significant damage was reported from Hurricane Irene. One fatality was reported in western Beaufort County. A male was driving an automobile on Highway 264 when his vehicle hydroplaned. Craven and Lenoir counties were obviously the most affected. River levels remained above flood stage on the Neuse River since before Hurricane Floyd. Additionally, major flooding occurred along the Swift Creek near Vanceboro, back to levels similar to but not as bad as Hurricane Floyd. 

Hurricane Irene was an intensifying Category 1 hurricane at the time of its closest approach to the Wakefield County warning area during the overnight hours of Monday, Oct. 18. Irene was the third tropical system of the 1999 hurricane season to affect the Wakefield County warning area, and brought another round of very heavy rain into northeast North Carolina. The very heavy rainfall, locally up to 5 to 9 inches, resulted in widespread street flooding and small stream and tributary flooding in portions of northeast North Carolina. The highest sustained wind speed recorded at the Elizabeth City Coast Guard Station (ECG) was 30 mph, with gusts up to 38 mph. A storm surge of approximately 2 to 3 feet was observed in the Albemarle Sound, with minor flooding in coastal sections of those counties. The lowest sea level pressure recorded at the ECG was 995.1 mb. 

Event # 11:  Hurricane Isabel (09/17/2003–09/18/2003) 

Hurricane Isabel made landfall early in the afternoon of Sept. 18, 2003, as a Category 2 hurricane, across Core Banks, in extreme eastern Carteret County. Isabel moved north-northwest across eastern North Carolina during the afternoon, at speeds approaching 20 mph. Areas mainly near and east of the storm center experienced significant wind and storm surge effects. Major ocean overwash and beach erosion occurred along the Outer Banks, where waves of up to 20 feet accompanied a 6- to 8-foot storm surge. Almost 350 million dollars in damage occurred in Dare County alone, where several thousand homes and businesses, several piers, and sections of Highway 12 were either damaged or washed away altogether. Eastern Carteret, eastern Pamlico, southern Craven, Beaufort, and Hyde counties experienced significant storm surge damage, with hundreds of homes flooded in most of these counties. The highest storm surges were experienced in the lower reaches of the Neuse River, where water levels rose up to 10.5 feet at the mouth of Adams Creek. Storm surge values ranged from 6 to 10 feet across eastern Pamlico County, with the highest water levels recorded near Oriental. A 4- to 7-foot storm surge occurred across Core Sound in eastern Carteret County, except along the South River and Big Creek, where water levels rose between 8 and 10 feet. Storm surge values were around 7 feet in portions of Beaufort County, such as Washington and Belhaven. Virtually every business location on Main Street in Belhaven was flooded with 2 to 3 feet of water. Storm surges ranging from 2 to 6 feet occurred across Hyde County, with the highest water levels recorded in Swan Quarter in the southwest part of the county, where hundreds of homes and businesses flooded. Wind damage was more significant across Hyde, Washington, Tyrrell, Martin, and the counties composing the Outer Banks, where wind gusts approximately 100 mph occurred. Hurricane-force winds resulted in structural damage to homes. Numerous trees and power lines were downed across these areas, resulting in a loss of electricity for several weeks in some locations. Hurricane-force winds were also experienced in parts of the inland counties of Jones, Craven, and Pitt during the afternoon of Sept. 18, where inland hurricane wind warnings had been in effect for 11 hours. Other counties west of the center of the storm experienced wind gusts between 60 and 65 mph.  

Hurricane Isabel was a Category 1 hurricane as it crossed the Wakefield WFO county warning area. Sustained tropical-storm-force winds with frequent gusts of hurricane force occurred over coastal parts of northeast North Carolina. Isabel made landfall near Ocracoke Inlet in North Carolina, before tracking northwest into central Virginia (just west of Richmond) and continuing northward into western Pennsylvania. The highest sustained wind speed recorded was 73 mph at Duck. Other sustained wind speeds included 59 mph, recorded in Elizabeth City. The highest gusts recorded were 97 mph at Elizabeth City (as measured at the Clemson University observation site there), 92 mph at Duck, and 74 mph at Elizabeth City. Mandatory evacuations were ordered for parts of Currituck County, with approximately several thousand residents evacuated and housed in numerous shelters across coastal parts of northeast North Carolina. The unusually large wind field uprooted many thousands of trees, downed many power lines, damaged hundreds of residential structures, and snapped thousands of telephone poles and cross arms. Hundreds of roads, including major highways, were blocked by fallen trees. Local power companies reported many thousands of customers had lost power. Duck water levels peaked at 7.8 feet MLLW before data was lost. On the Albemarle Sound, storm surge values around 7 feet occurred at Edenton, with a surge around 5 feet observed on the Pasquotank River in Elizabeth City. The lowest sea level pressure recorded was 984 mb, at Duck. 

Isabel will be remembered for the greatest wind and storm surge to occur in the region since Hurricane Hazel in 1954, and the 1933 Chesapeake-Potomac Hurricane before that. Also, Isabel will be remembered for the extensive power outages it caused in northeast North Carolina, and the permanent change its storm surge and fallen trees left on the landscape. Rainfall amount ranged from 2 to 5 inches across coastal parts of northeast North Carolina. Inland flooding due to heavy rainfall occurred over coastal parts of northeast North Carolina. Significant beach erosion occurred across Currituck County, located in the Outer Banks. Eight deaths in the Wakefield area of responsibility were directly attributed to Isabel, with one of those fatalities occurring in North Carolina. There were more than 15 deaths indirectly attributed to the storm.  

Isabel made landfall along the Outer Banks (just north of Cape Lookout) around 1 p.m. on Sept. 18. The eye of the storm tracked northeast, passing over eastern Halifax County. Wind gusts of near hurricane-force were recorded over Halifax County. Many locations around the Coastal Plain and even back into the Triangle received wind gusts between 50 and 70 mph late in the afternoon until early evening. Many trees were uprooted, subsequently falling on vehicles and homes all across the area. One motorist was killed in Franklin County when their vehicle struck a downed tree. Up to 6 inches of rain fell across Edgecombe, Halifax, and Wilson counties, resulting in the flooding of several roads. 

Event # 12:  Hurricane Alex (08/03/2004) 

Hurricane Alex, a Category 2 storm with 100-mph sustained winds brushed the Outer Banks of North Carolina during the late morning to early afternoon hours of Aug. 3, 2004. The most significant impacts occurred along the Outer Banks, from Ocracoke to Buxton, where winds gusted to near 100-mph speeds and sound-side flooding was estimated at between 4 and 6 feet. Winds and storm surge resulted in damage to more than 100 homes and businesses. Nearly 500 cars were completely flooded on Ocracoke and in the Hatteras Village area, where damage was estimated at nearly $7.5 million. Storm surge along the coast, along the lower reaches of the Neuse and Pamlico Rivers, and across other counties adjacent to the Pamlico and Albemarle sounds was estimated at 1 to 3 feet where no significant damage had occurred. The first outer rainbands began impacting the area during the early morning hours and continued throughout the day. Four to eight inches of rainfall was estimated to have fallen across eastern Craven and Carteret counties, extending to the northeast and including Dare and Hyde counties. Freshwater flooding was reported across Craven and Carteret counties. There were no tornadoes reported.   

Event # 13:  Hurricane Charley (08/14/2004) 

Hurricane Charley initially made landfall as a Category 4 hurricane, on the west coast of Florida, between Fort Myers and Tampa. The storm crossed Florida and exited the coast as a Category 1 storm. It continued to the northeast and made landfall again near Cape Romain, now as a weakened Category 1 hurricane with sustained winds of 75 mph. It moved up the coast and then inland around Myrtle Beach. In Horry and Georgetown counties, insurance claims totaled $5 million, mostly along Myrtle Beach’s Grand Strand area. There were downed trees, roof damage, and flooding along the coast in this area. Some 65,000 residents lost power, the cleanup estimate for Georgetown county alone reached $1.5 million. As Charley moved to the northeast, Brunswick County was hit the hardest, with peak winds of approximately 85 mph. Damage was extensive, with 2,231 residential structures harmed (231 of them experiencing major damage), and 40 homes destroyed in the county, for a cumulative total of $6.3 million. Many beach homes were damaged, with 221 residences damaged at Sunset Beach alone. Crop damage in Brunswick County was also widespread, with 50 percent of the tobacco crop lost, and 30 percent of the corn and field vegetables destroyed. New Hanover County was the next hardest-hit, with many businesses damaged in Wilmington and surrounding cities. The majority of the county experienced power outages from downed tree limbs on power lines. Rainfall ranged from 2 inches near the coast to approximately 4 inches from eastern Bladen County, south through Columbus County. Vegetative debris was widespread, plugging storm drains and contributing to ponding and flooding the next day. Storm surge was minimal, with some minor overwash. Fortunately, only a few minor injuries were reported.  

Charley, now considered a tropical storm, moved to the northeast, across the Coastal Plains of eastern North Carolina, during the afternoon hours of Aug. 14. Onslow County received the most damage, with estimates topping $5 million, as winds gusted to near-hurricane force, toppling trees and power lines and causing structural damage to residential structures and businesses. Winds gusted as speeds ranging from 60 to 70 mph across inland areas, near the center of the storm, resulting in wind damage to structures and crop damage losses that ran in the millions. Winds gusted at speeds ranging from 40 to 50 mph through locations across eastern North Carolina, with minor wind damage reported. Storm surge values were highest along the Onslow County coastline, where a 2- to 3-foot surge was estimated, and 8-foot waves caused minor beach erosion along those beaches that faced south. Water levels rose up to 2 feet across the lower reaches of the Neuse and Pamlico rivers, and across the Outer Banks. The storm’s total rainfall, estimated between 4 and 6 inches, occurred across a large part of the area, resulting in freshwater flooding in seven counties located across the Coastal Plains. Five weak tornadoes were reported across the area associated with Charley, with subsequent damage reported. The most significant tornado damage occurred in Nags Head, along the Outer Banks. 

Event # 14:  Hurricane Ophelia (09/13/2005–09/14/2005) 

Category 1 Hurricane Ophelia, with maximum sustained winds of 85 mph, approached the North Carolina coast on Sept. 13, 2005. The hurricane remained offshore, brushing the southern coastal counties of Onslow and Carteret on Sept. 14 and Sept. 15. The highest winds and damages occurred across this area, where winds gusted to speeds near 100 mph, and storm surges of up to 6 feet resulted in structural damages approaching $35 million. The highest surge was reported along the lower reaches of the Neuse River in southern Craven County, where water levels rose to 8 feet during the night of Sept. 14. 

On Sept. 12, hurricane warnings had been issued from South Santee River to Cape Lookout, with Ophelia centered about 140 miles south-southeast of Myrtle Beach, South Carolina. At 11 a.m. on Sept. 14, Ophelia was centered about 25 miles southeast of Cape Fear. The large eye wall (which was 50 miles in diameter) was positioned over New Hanover, Pender, and Brunswick counties, with hurricane-strength wind gusts of 79 mph reported at Wrightsville Beach. There were unofficial reports of wind gusts of 84 mph at Bald Head Island and Kure Beach. No other stations reported a measured gust of hurricane strength, with most observing stations reporting wind gusts between 35 and 50 mph. Rainfall was heaviest in the eastern portion of Brunswick County, with more than 17 inches of rain reported. Five inches of rain was observed on Sept. 13 and twelve inches of rain was observed on Sept. 14, in advance of the hurricane. The average rainfall over Brunswick, New Hanover, and Pender counties ranged from 6 to 10 inches. Hurricane warnings for South Carolina were lowered to tropical storm warnings by 11 am on Sept. 14, with warnings dropped entirely for the state by 5 pm. The storm continued to track slowly to the northeast, with all warnings for the Cape Fear region dropped by around 5 am on Sept. 15. Damage over the area was mainly minor roof damage and flooding that occurred in flood-prone areas. In Topsail Beach, cosmetic damage was reported at 350 residences. Flooding closed major thoroughfares, especially from Shallotte River to Supply. There were a moderate amount of reports of downed trees and the utility company reported more than 51,000 customers had lost power by the storm’s peak. Beach erosion was also a problem. A longshore current gouged a 5-foot escarpment along the coast of New Hanover and Pender counties. Damage to the area and the cost of cleanup would reach $6 million for Pender and New Hanover counties, with $2.3 million needed for Brunswick County. Most of that money would be used to pay for the cleanup of storm debris. 

Ophelia brushed by the Outer Banks counties of Hyde and Dare on Sept. 16, with hurricane-force wind gusts, primarily across coastal Hyde County, where minor flooding and structural damage occurred. Minor wind damage occurred across the inland counties of Duplin, Jones, Lenoir, and Craven, where tropical-storm-force wind gusts blew shingles off roofs and downed trees and power lines. The combination of surge from Pamlico Sound and heavy storm total rainfall from 4 to 9 inches resulted in the flooding of streams, roads, and lower elevations in Beaufort, Carteret, Craven, Jones, Onslow, and Pamlico counties. 

Event # 15:  Hurricane Ivan (9/18/2004)
A classic Cape Verde storm that formed at unusually low latitude, Ivan rapidly developed into a Category Four Hurricane during the Labor Day Weekend of 2004 before briefly weakening to a Category Two for a period. However, as it moved through the extreme Southern Windward Islands of Barbados and Grenada, the storm strengthened back to major hurricane status, and destroyed 75 to 90 percent of all buildings on the island of Grenada. The storm then continued to re-energize, and reach Category Five status. It was the second Category Five storm in as many years after almost a five year drought following Mitch in October, 1998. It would eventually weaken somewhat, but it still made landfall near Gulf Shores, Alabama as a strong Category Three Hurricane with 130 mph winds. Moving farther inland, Ivan’s remains sparked torrential rains, flooding, and 123 tornadoes, which is second to Hurricane Beulah’s 150 in 1967. Ivan was responsible for some 124 deaths throughout the Caribbean and the Eastern United States. Final damage estimate from not only the U.S., but also the Caribbean totals $14.2 billion dollars.

Hurricane Ivan was the 9th named tropical cyclone of the 2004 Atlantic hurricane season. 6 of the 9 named tropical cyclones have impacted North Carolina. Rain bands associated with Ivan produced several tornadoes over the Piedmont of North Carolina. One tornado hit Stokesdale in northwestern Guilford County followed by several more touchdowns in Rockingham County, Moore County, and Chatham County.

A strong downburst, associated with a convective rain band, hit the Raleigh-Durham International Airport producing a wind gust of 79 MPH. This downburst produced significant damage to a Terminal and flipped several small planes. This was the strongest gust of wind to be recorded at the airport location. The previous record was 67 MPH which was recorded during Hurricane Fran in 1996.
A swath of 3 to 6 inches of rain fell across the North Carolina Mountains associated with Ivan. There were reports of 7 to 10 inches of rain along the higher terrain with isolated reports in excess of 11 inches. Severe flooding and damage resulted in many Mountain counties including a major land slide near Franklin in Macon County. Several fatalities in North Carolina were directly related to the storm.

Event #16:  Hurricane Earl (9/1/2010)

Hurricane Earl approached the North Carolina coast as a major category 3 hurricane on September 2nd, then moved offshore early on the 3rd as a category 2 hurricane on the Saffir/Simpson Hurricane Wind Scale. Even though Earl’s closest approach was around 100 miles, due to its large size, a glancing blow was felt across the Outer Banks. Strong winds, storm surge, and heavy storm total rainfall of 3 to 5 inches resulted in 2.58 million dollars in total damages to crops and infrastructure across the area. 

Diamond Shoals buoy recorded the lowest pressure, 984.5 mb, at 0600 GMT on the 3rd. Frisco Airport near Hatteras reported the lowest pressure, 990.1 mb, on the coast at 0300 GMT on the 3rd. The highest measured surge, 4.27 feet, occurred on the Pamlico Sound at Hatteras village at 0942 GMT on the 3rd. The storm tide was 4.7 feet. Oceanside surge of 1 to 3 feet occurred across coastal Carteret, Hyde, and Dare counties resulting in minor to moderate beach erosion. The highest ocean side surge, 2.65 feet, was recorded at Duck with a storm tide of 5.19 feet at 1030 GMT on the 3rd. Winds were sustained at tropical storm force with wind gusts in excess of hurricane force across eastern sections, mainly along Outer Banks Dare county, during the early morning hours on the 3rd. Highest official sustained winds, 49 knots or 57 mph with wind gusts to 71 knots or 82 mph was recorded at Oregon Inlet at 0942 GMT on the 3rd. Across eastern Dare county, 5.36k in total dollar damages was reported, with 380k attributed to storm surge effects. A 4 to 5 foot sound side surge occurred from Rodanthe to Hatteras. Dare County Emergency Management reported the highest storm tide may have reached 6 feet in Hatteras Village, Buxton, and Frisco with parts of Highway 12 inundated. Oceanside surge was 2 to 3 feet from Oregon Inlet northward with ocean overwash and structural damage. Six structures received major damage, and 79 structures were reported to have minor damage. Some trees and power lines were downed with scattered power outages. 

Winds gusted in excess of hurricane force exceeding 80 mph at Oregon Inlet Marina. An unofficial wind gust of 89 mph was measured by a Skywarn observer just southeast of Nags Head and east of Manteo atop a small sand dune on the beach. Three to five inches of storm total rainfall fell during the early morning hours on the 3rd resulting in minor flooding which enhanced storm surge effects. Mandatory evacuations were ordered for all residents and visitors on Hatteras Island on the 1st. Other mandatory evacuations were ordered for the south Nags Head area, and areas north of Oregon Inlet on the 2nd. Evacuation orders were lifted on the 3rd except re-entry was not allowed on Hatteras Island due to sand and debris clearing from the roads. Across western Dare county, a minor 2 foot sound side surge occurred in Manteo during the early morning hours on the 3rd. Winds gusted to near 70 mph with some trees and power lines down resulting in sporadic power outages. A tree fell on a mobile home causing major damage. 

Across eastern Hyde County, winds gusted to near hurricane force on Ocracoke Island during the early morning hours of the 3rd. There was an estimated sound side surge of 2 to 3 feet, and an ocean side surge of 1 to 2 feet with minor beach erosion. Some minor structural damage was reported with shingles taken off several structures in Ocracoke including the Ferry office and NCCAT buildings. Some trees and power lines were down with sporadic power outages. A mandatory evacuation of Ocracoke Island was ordered on the morning of the 1st and lifted on the 3rd. Across western Hyde county, Hyde county Emergency Management estimated around 2 million dollars in damages mainly to crops from strong winds and heavy rains. Across Carteret County, highest storm surge occurred across down east Carteret County with a 2 foot sound side surge. Oceanside surge of 1 to 2 feet resulted in minor beach erosion. Winds gusted as high as 66 mph at Sea Level in eastern Carteret County during the early morning hours on the 3rd. Only minor damage was reported with a few trees and power lines down along with isolated power outages. Rainfall was heaviest across eastern sections with as much as 2 inches reported. Mandatory evacuations were in effect for coastal Carteret County from the evening of the 1st through the morning of the 3rd. Across Craven county, A 2 to 3 foot sound side surge occurred during the early morning hours on the 3rd along the lower reaches of the Neuse River at Clubfoot Creek and the Cherry Branch Ferry terminal in the southern part of the county. Minimal tropical storm force wind gusts were recorded with no damage reported.

Event #17:  Hurricane Irene (08/27/2011–08/28/2011)
Hurricane Irene moving northward over the outer banks of North Carolina and just off the Virginia coast produced hurricane force wind gusts across portions of coastal northeast North Carolina from early Saturday morning, August 27th into Sunday morning, August 28th.

Announcing itself with howling winds and hammering rains, Hurricane Irene made landfall at Cape Lookout, on the Outer Banks of North Carolina, at about 7:30 a.m. on Saturday, August 27, 2011. However, tropical-storm-force winds began to affect the Outer Banks hours before landfall, producing waves of 6–9 ft (1.8–2.7 m). During Irene, some of the state’s worst flooding happened along the Pamlico and Albemarle sounds, in the state’s Inner Banks. Rescue crews fanned out late Saturday, August 27th and Sunday, August 28th in search of people trapped by the rising waters. Boats that were once docked in the Albemarle Sound were washed up on the side of N.C. 158 in Nags Head about a half mile down from the causeway bridge.

The large hurricane left extensive damage in its wake and there were reports that tornadoes may have leveled homes and overturned vehicles. Following the touch down of a potent tornado, at least four homes were demolished in Columbia, while up to three others sustained significant damage. Preliminary assessment indicated multiple flooded areas and uprooted trees along coastlines; in Nash County, a snatched tree limb struck and killed one person. Prior to the storm, a resident in Onslow County suffered a fatal heart attack while applying plywood to his house. Two people in Pitt and Sampson Counties were additionally killed by falling trees, as were two others in Goldsboro and Pitt County in traffic accidents. A man also drowned in the flooded Cape Fear River. In all, over 1,100 homes were destroyed. The estimated $71 million in damage did not include agricultural losses.

Hurricane Irene left downed and denuded trees, impassable roadways, damaged municipal buildings, and widespread flooding on its way. In Bay Drive in Kill Devil Hills, debris from the Albemarle Sound covered the street after overflowing with overnight rainfall. Storm surge from Hurricane Irene spilled over Kitty Hawk Bay in Albemarle Sound and Roanoke Island, Hatteras Island, Collington, Duck, and other parts of the islands were simply inundated by the Albemarle and Pamlico Sounds. In addition, heavy rains contributed to minor crop damage. Storm total rainfall generally ranged from ten to fourteen inches.

Hurricane Hazard Scores

Figure 2-5 was eliminated from this plan update. It represented the relative location of Hurricane hazard vulnerability across North Carolina, which is still 375 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 within the state. With a score of 375, North Carolina has high hazard vulnerability. 

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)
Location and Extent

All of the state’s 100 counties are at risk of hurricanes and a hurricane that affects North Carolina could be up to a Category 5 based on the Saffir-Simpson Hurricane Scale (Simpson and Reihl, 1981).
Hurricane–Storm Surge

Definition

Storm surge is defined as the difference between the maximum height of the water actually observed during the storm and the height that would be expected (or predicted) due to normal tidal fluctuations. These values represent the increase in the height of the water due to the storm alone. 

Because of improvements in forecasting, the spread of information and timely evacuations (all coupled with a little luck), the number of fatalities from hurricane storm surge has been drastically reduced over the past 30 years. However, the element of risk is always there. Therefore, with the enormous increase in coastal populations, it is more critical than ever to understand the risks from hurricane storm surge; and more importantly, heed the warnings and evacuation orders given by local emergency management officials. The rise in water, coupled with the battering waves on top of the elevated water level is the reason that sometimes millions of people are urged to evacuate their coastal homes.

Description

Storm surges can come ashore up to five hours before a storm and destroy low-elevation coastal areas. It is especially damaging when the storm surge occurs during high tide and consequently is often responsible for most hurricane-related deaths. Storm surge is a large dome of water often 50 to 100 miles wide that sweeps across the coastline near the point at which a hurricane makes landfall. It can range from 4 to 6 feet in height for a minimal hurricane (which is still significant), to more than 20 feet for stronger surges. The surge of high water topped by waves is devastating. The stronger the hurricane and the shallower the offshore water, the higher the surge will be. Along the immediate coast, storm surge is the greatest threat to life and property, even more so than high winds
. Figure 2-9 (below) demonstrates the power of a large storm surge event.

Figure 2-9. Large Storm Surge Event
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Wave and current action associated with the tide also causes extensive damage. Water weighs approximately 1,700 pounds per cubic yard; extended pounding by frequent waves can demolish any structure not specifically designed to withstand such forces. Often, currents combine with the action of the waves to severely erode beaches and coastal highways. Many buildings withstand hurricane-force winds until their foundations, undermined by erosion, are weakened and fail. Furthermore, in estuaries and bayous, intrusions of saltwater endanger the public health and send animals (such as snakes) fleeing from flooded areas.

The severity of a storm surge event hinges on several factors. One of these is the tide system. When storm surge coincides with the high tide on the day of the storm, maximum flooding elevation and damage will occur. Also, because the associated storm surges are more persistent and have a greater likelihood of occurring during a high tide, the potential storm tides are great if the hurricanes remain in the area for longer periods of time (up to several days)
.

The angle of attack is another very important aspect to consider when determining the potential damage from a hurricane storm surge. The Right-Front Quadrant (RFQ) is the stronger side of the storm and will deliver the highest storm surge. A hurricane striking the coast head on, or perpendicularly, will do the most damage, as far as storm surge is concerned. South-facing beaches that are struck by a north-moving hurricane would fit this profile
. 

Historical Occurrences

Storm surge events (including those related to ocean surf) that occurred between January 1950 and July 2012 caused two fatalities and over $1 billion in property damage, as reported by the National Climatic Data Center (NCDC)xvii. The details of the events reported by the NCDC Web site are included in Table 2-11. Selected detailed information about several of the listed events follows the table.        

Table 2-11. Detailed Hurricane–Storm Surge History
	STORM SURGE/OCEAN SURF EVENTS

	#
	Event
	Duration
	Location or County
	Severity
	Extent of Damages

	1
	Coastal Flood
	  01/15/1995
	Carteret, Dare, Hyde
	Fatalities: 0
	Property: $0

	
	
	
	
	Injuries: 0
	Crops: $0

	2
	Coastal Flood
	  09/08/1995– 
	Carteret, Hyde, Onslow
	Fatalities: 0
	Property: $500,000

	
	
	  09/10/1995
	
	Injuries: 0
	Crops: $0

	3
	Coastal Flood
	  09/08/1995
	Brunswick 
	Fatalities: 0
	Property: $200,000

	
	
	
	(Holden Beach)
	Injuries: 0
	Crops: $0

	4
	Coastal Flood
	  09/09/1995
	Brunswick 
	Fatalities: 0
	Property: $1.2 million

	
	
	
	(Holden Beach)
	Injuries: 0
	Crops: $0

	5
	Coastal Flood
	  09/09/1995
	New Hanover 
	Fatalities: 0
	Property: $0

	
	
	
	(Carolina Beach)
	Injuries: 0
	Crops: $0

	6
	Storm Surge
	  12/08/1996
	Brunswick 
	Fatalities: 0
	Property: $0

	
	
	
	(Calabash, Southport)
	Injuries: 0
	Crops: $0

	7
	Storm Surge
	  10/08/1996
	New Hanover 
	Fatalities: 0
	Property: $0

	
	
	
	(Wilmington)
	Injuries: 0
	Crops: $0

	8
	Storm Surge
	  02/03/1998 
	Brunswick 
	Fatalities: 0
	Property: $0

	
	
	
	(Caswell Beach, Calabash)
	Injuries: 0
	Crops: $0

	9
	Storm Surge
	  02/03/1998– 
	Pender 
	Fatalities: 0
	Property: $0

	
	
	  02/04/1998
	(Surf City, Topsail)
	Injuries: 0
	Crops: $0

	10
	Storm Surge
	  02/03/1998– 
	New Hanover (Wrightsville Beach, Kure Beach)
	Fatalities: 0
	Property: $0

	
	
	  02/04/1998
	
	Injuries: 0
	Crops: $0

	11
	Storm Surge
	  03/06/2000– 
	Dare 
	Fatalities: 0
	Property: $0

	
	
	  03/07/2000
	(Manteo)
	Injuries: 0
	Crops: $0

	12
	Storm Surge
	  03/21/2001
	Beaufort 
	Fatalities: 0
	Property: $0

	
	
	
	(Whichards Beach)
	Injuries: 0
	Crops: $0

	13
	Storm Surge
	  02/27/2004 
	Carteret, Craven, Pamlico 
	Fatalities: 0
	Property: $0

	
	
	
	
	Injuries: 0
	Crops: $0

	14
	Storm Surge
	  03/10/2004–      

  03/11/2004 
	Eastern Dare
	Fatalities: 0
	Property: $10,000

	
	
	
	
	Injuries: 0
	Crops: $0

	15
	Heavy Surf/High Surf
	  09/25/2004
	Brunswick 
	Fatalities:1
	Property: $0

	
	
	
	
	Injuries: 0
	Crops: $0

	16
	Heavy Surf/High Surf
	  02/27/2005 
	Brunswick, New Hanover 
	Fatalities: 0
	Property: $0

	
	
	
	
	Injuries: 0
	Crops: $0

	17
	Storm Surge
	  04/03/2005
	Eastern Dare
	Fatalities: 0
	Property: $0

	
	
	
	
	Injuries: 0
	Crops: $0

	18
	Storm Surge
	  04/15/2005 
	Carteret, Craven, Eastern Dare, Pamlico 
	Fatalities: 0
	Property: $90,000

	
	
	
	
	Injuries: 0
	Crops: $0

	19
	Storm Surge
	  05/06/2005 
	Carteret, Craven, Eastern Dare, Eastern Hyde, Pamlico 
	Fatalities: 0
	Property: $0

	
	
	
	
	Injuries: 0
	Crops: $0

	20
	Coastal Flood
	11/21/2006
	Beaufort, Carteret, Craven, Pamlico
	Fatalities: 0
	Property: $

	
	
	
	
	Injuries: 0
	Crops: $0

	21
	Coastal Flood
	11/22/2006
	Eastern Currituck, Eastern Dare
	Fatalities: 0
	Property: $2,115,000

	
	
	
	
	Injuries: 0
	Crops: $0

	22
	Coastal Flood
	4/16/2007
	Eastern Dare
	Fatalities: 0
	Property: $0

	
	
	
	
	Injuries: 0
	Crops: $0

	23
	High Surf
	5/6/2007
	New Hanover
	Fatalities: 0
	Property: $0

	
	
	
	
	Injuries: 0
	Crops: $0

	24
	Coastal Flood
	5/7/2007
	Carteret, Craven, Eastern Dare, Eastern Hyde, Pamlico
	Fatalities: 0
	Property: $30,000

	
	
	
	
	Injuries: 0
	Crops: $0

	25
	Storm Surge/Tide
	9/9/2007
	Eastern Dare
	Fatalities: 0
	Property: $0

	
	
	
	
	Injuries: 0
	Crops: $0

	26
	Storm Surge/Tide
	10/28/2007
	New Hanover
	Fatalities: 0
	Property: $0

	
	
	
	
	Injuries: 0
	Crops: $0

	27
	Coastal Flood
	11/2/2007
	Carteret
	Fatalities: 0
	Property: $0

	
	
	
	
	Injuries: 0
	Crops: $0

	28
	Coastal Flood
	11/3/2007
	Eastern Dare
	Fatalities: 0
	Property: $72,000

	
	
	
	
	Injuries: 0
	Crops: $0

	29
	Coastal Flood
	3/8/2008
	Eastern Dare
	Fatalities: 0
	Property: $0

	
	
	
	
	Injuries: 0
	Crops: $0

	30
	High Surf
	4/8/2008
	Eastern Dare
	Fatalities: 0
	Property: $0

	
	
	
	
	Injuries: 0
	Crops: $0

	31
	Storm Surge/Tide
	7/20/2008
	Carteret, Eastern Dare, Eastern Hyde
	Fatalities: 0
	Property: $0

	
	
	
	
	Injuries: 0
	Crops: $0

	32
	Storm Surge/Tide
	9/6/2008
	Brunswick
	Fatalities: 0
	Property: $490,000

	
	
	
	
	Injuries: 0
	Crops: $0

	33
	Coastal Flood
	9/24/2008
	Carteret, Craven, Eastern Dare
	Fatalities: 0
	Property: $6,000

	
	
	
	
	Injuries: 0
	Crops: $0

	34
	Coastal Flood
	9/25/2008
	Carteret, Eastern Dare, 
	Fatalities: 0
	Property: $3,000

	
	
	
	
	Injuries: 0
	Crops: $0

	35
	Storm Surge/Tide
	9/25/2008
	Pender
	Fatalities: 0
	Property: $0

	
	
	
	
	Injuries: 0
	Crops: $0

	36
	Storm Surge/Tide
	10/19/2008
	Eastern Dare
	Fatalities: 0
	Property: $10,000

	
	
	
	
	Injuries: 0
	Crops: $0

	37
	Coastal Flood
	11/5/2008
	Eastern Dare
	Fatalities: 0
	Property: $0

	
	
	
	
	Injuries: 0
	Crops: $0

	38
	High Surf
	10/17/2009
	Eastern Dare
	Fatalities: 0
	Property: $0

	
	
	
	
	Injuries: 0
	Crops: $0

	39
	High Surf
	11/12/2009
	Eastern Hyde
	Fatalities: 0
	Property: $0

	
	
	
	
	Injuries: 0
	Crops: $0

	40
	High Surf
	11/15/2009
	Eastern Dare
	Fatalities: 1
	Property: $0

	
	
	
	
	Injuries: 0
	Crops: $0

	41
	Coastal Flood
	6/22/2009
	New Hanover
	Fatalities: 0
	Property: $0

	
	
	
	
	Injuries: 0
	Crops: $0

	42
	Coastal Flood
	6/23/2009
	New Hanover
	Fatalities: 0
	Property: $0

	
	
	
	
	Injuries: 0
	Crops: $0

	43
	Coastal Flood
	8/22/2009
	Eastern Dare, Eastern Hyde
	Fatalities: 0
	Property: $0

	
	
	
	
	Injuries: 0
	Crops: $0

	44
	Coastal Flood
	11/12/2009
	Carteret, Eastern Currituck, Eastern Dare, Western Currituck
	Fatalities: 0
	Property: $11,500,000

	
	
	
	
	Injuries: 0
	Crops: $0

	45
	Coastal Flood
	11/14/2009
	Carteret
	Fatalities: 0
	Property: $0

	
	
	
	
	Injuries: 0
	Crops: $0

	46
	Coastal Flood
	11/15/2009
	New Hanover
	Fatalities: 0
	Property: $0

	
	
	
	
	Injuries: 0
	Crops: $0

	47
	Coastal Flood
	11/27/2009
	Eastern Dare, Eastern Hyde
	Fatalities: 0
	Property: $0

	
	
	
	
	Injuries: 0
	Crops: $0

	48
	Coastal Flood
	12/19/2009
	Eastern Currituck, Eastern Dare, Western Currituck
	Fatalities: 0
	Property: $10,000

	
	
	
	
	Injuries: 0
	Crops: $0

	49
	Coastal Flood
	2/10/2010
	Eastern Dare, Eastern Hyde
	Fatalities: 0
	Property: $0

	
	
	
	
	Injuries: 0
	Crops: $0

	50
	Storm Surge/Tide
	9/2/2010
	Eastern Dare
	Fatalities: 0
	Property: $380,000

	
	
	
	
	Injuries: 0
	Crops: $0

	51
	High Surf
	11/11/2010
	Eastern Dare
	Fatalities: 0
	Property: $0

	
	
	
	
	Injuries: 0
	Crops: $0

	52
	Storm Surge/Tide
	8/26/2011
	Beaufort, Carteret, Craven, Eastern Dare, Eastern Hyde, Onslow, Pamlico, Tyrell, Washington, Western Dare, Western Hyde
	Fatalities: 0
	Property: $156,200,000

	
	
	
	
	Injuries: 0
	Crops: $0


Selected Storm Surge Event Details 
(primarily events not described in Hurricane section)
Event # 2: Sept. 8, 1995
Huge swells generated by Hurricane Luis pounded coastal sections with 8- to 10-foot seas. Frying Pan Shoals light tower reported 17-foot seas. Thirty-five feet of the Triple S Pier in Atlantic Beach was destroyed. Severe erosion of 6 to 12 feet of the frontal dune line occurred on Bogue Banks. N.C. Highway 12 on Hatteras Island was closed near Rodanthe and the sand bags on Pea Island.

Event # 6: Oct. 8, 1996 

Remnants of Tropical Storm Josephine, moving up the South Carolina coast, circulated south winds gusting near 70 mph, causing high tides 3 feet higher and seawater flooding around 1 foot deep on sections of roads on barrier islands and Southport. Beach erosion of 6 to 9 feet removed sand placed there earlier in season by Hurricanes Bertha and Fran.

Event # 8: Feb. 3, 1998
A nor’easter caused heavy surf and high tides 2 feet above normal, eroding 4 feet of dune and undermining homes along Caswell Beach. Approximately 400 Christmas trees used for erosion control were lost there. At Sunset Beach, the high tide forced closure of the swing bridge.

Event # 14: March 10-11, 2004
Significant overwash was reported north of Rodanthe during the late evening hours on March 10, continuing into the early morning hours of March 11, resulting in the closure of N.C. Highway 12. Several homes located near Kill Devil Hills received minor damage from flooding. 
Event # 17: Apr. 3, 2005
A nor’easter affected eastern North Carolina, resulting in persistent strong wind gusts, measured at nearly 40 mph to slightly more than 60 mph. This, in combination with large ocean swells, resulted in coastal flooding and high surf from north of Hatteras on the ocean side in Dare County, and sound-side flooding along western portions of the Pamlico Sound, including the Neuse and Trent Rivers, affecting Craven, Pamlico, and eastern Carteret counties. Water level rises between 3 and 5 feet resulted in many road closures and some property damage.

Event # 21: Nov. 22, 2006
An intense low pressure system off the North Carolina coast combined with an upper level cutoff low to provide very strong winds, heavy rains, and moderate coastal flooding across portions of northeast North Carolina from late Tuesday November 21st into early Thursday morning November 23rd. Strong onshore winds resulted in moderate to severe coastal flooding during times of high tide. Tidal departures were 4 to 5 feet above normal during the event. Route 12 was flooded with overwash in many areas.

Event # 44: Nov. 12, 2009
An intense Nor’easter produced moderate to severe coastal flooding across much of the Currituck Outer Banks. The peak tide height at Duck was 7.20 feet above MLLW, which was 3.22 feet above the astronomical tide. Numerous streets, homes and businesses were flooded in low lying areas of the county close or directly exposed to the Atlantic Ocean, especially in the Corolla and Carova Beach areas. There was also severe beach erosion and loss of protective dunes.

Event # 50: Sept. 2, 2010
Hurricane Earl moved about 100 miles east of Outer Banks Dare county early on the morning of the 3rd producing significant sound side and ocean side surge effects. Highest storm surge, 4.3 feet, was measured at Hatteras Village at 0942 GMT. Ocean side surge of 2.65 feet was measured at Duck at 1030 GMT. Storm tide values were between 4 to 6 feet. Dare County Emergency Management estimated that storm tide along Pamlico Sound may have reached 6 feet in the Hatteras Village, Frisco, and the Buxton areas. Damage from storm surge amounted to 380k dollars across Outer Banks Dare County. The pier and pier house at Frisco sustained 118k dollars in damages alone.

Event # 52: Aug. 26, 2011
Hurricane Irene made landfall as a large category 1 hurricane on the Saffir/Simpson Hurricane Wind Scale during the morning of the 27th. Due to the large size of the hurricane strong damaging winds, major storm surge, and flooding rains were experienced across much of eastern North Carolina. Winds gusted to hurricane force resulting in a 4 to 11 foot sound-side surge across several counties in eastern North Carolina. Winds gusting above hurricane force with the highest reading at Cedar Island at 115 mph resulted in Surge values of 4 to 7 Feet, highest at South River, flooding numerous homes and Businesses with major structural damage. Highest ocean side surge of 9.5 feet was recorded at Hatteras Village. Surge resulted in extensive damage and flooding of structures along the coast with many dune breaches and damage to highways. 

Specific storm surge historical accounts describing the height of the surge in feet are provided in Table 2-12
.
Table 2-12. Storm Surge Historical Accounts

	STORM SURGE HISTORICAL ACCOUNTS

	Date
	Storm Name
	Approximate Location of Landfall
	Storm Surge (Feet)

	8/26/2011
	Irene
	Cape Lookout
	4-11

	11/12/2009
	Unnamed Storm
	Currituck
	7+

	09/16/1999
	Floyd
	Cape Fear
	10

	08/26/1998
	Bonnie
	Cape Fear
	6–8

	09/06/1996
	Fran
	Cape Fear
	8–12

	07/13/1996
	Bertha
	Topsail
	5

	09/26/1985
	Gloria
	Hatteras
	6–8

	09/09/1984
	Diana
	Long Beach
	5–6

	09/30/1971
	Ginger
	Atlantic Beach
	4

	09/11/1960
	Donna
	East of Wilmington
	6–8

	09/19/1955
	Ione
	Salter Path
	3–10

	08/17/1955
	Diane
	Carolina Beach
	5–9

	08/12/1955
	Connie
	Cape Lookout
	7

	10/15/1954
	Hazel
	N.C./S.C. Border
	10–20

	09/03/1913
	Unnamed Storm
	Hatteras
	10

	10/31/1899
	Unnamed Storm
	Wrightsville Beach
	8

	08/16/1899
	Unnamed Storm
	Hatteras
	4–10

	06/03/1825
	Unnamed Storm
	Morehead/New Bern
	6–8

	09/03/1815
	Unnamed Storm
	Wilmington/New Bern
	10


[image: image11.png]STORM SURGE SImULATIONS




 The following is an example of possible water heights for different hurricane categories at the Police Department in Wrightsville Beach, NC. These images are an approximation of how high the water could rise from various intensity hurricanes. *Courtesy of the U.S. Army Corps of Engineers, Wilmington District. 

THE "VIRTUAL SURGE" PHOTO BELOW ILLUSTRATES HOW HIGH THE WATER LEVEL MAY BE DURING THE RESPECTIVE CATEGORIES OF HURRICANES


Wrightsville Beach Police Department
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Category 1 Hurricane Storm Surge Simulation
Wrightsville Beach, North Carolina
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Category 3 Hurricane Storm Surge Simulation
Wrightsville Beach, North Carolina
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Category 5 Hurricane Storm Surge Simulation
Wrightsville Beach, North Carolina
Hurricane–Storm Surge Hazard Scores

Figure 2-10 represents the relative location of Hurricane–Storm Surge 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 other individual hazard maps.)

Figure 2-10. Hurricane–Storm Surge Hazard Scores by County
[image: image16.jpg]North Carolina Risk Assessment:
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Location and Extent

The yellow counties in the above map represent the relative location of Hurricane–Storm Surge hazard vulnerability across the state of North Carolina. Based on past events, future events affecting North Carolina could have a storm surge or flood depth of up to 20 feet.
Hurricane–High Wind

For related information concerning the definition, description and historical occurrences of hurricane–high wind hazards, refer to the High Wind hazard section contained in the Lesser Hazards portion of this risk assessment.

Hurricane–High Wind Hazard Scores

Figure 2-11 represents the relative location of Hurricane–High Wind hazard vulnerability across 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 within the state. 
Figure 2-11. Hurricane–High Wind Hazard Scores by County
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Location and Extent

The relative location of Hurricane–High Wind hazard is represented in the above map. Based on past events, future events affecting North Carolina could have a maximum sustained wind speed of 156+ MPH or 136+ knots. 

Hurricane–Torrential Rain
Definition

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

Description

When accompanied by a hurricane, heavy rains and ocean waters brought ashore by strong winds can cause flooding in excess of 50 centimeters (20 inches) over a 24-hour period. The runoff systems in many cities are unable to handle such an increase in water because of the gentle topography in many of the coastal areas where hurricanes occur. Hurricanes are capable of producing copious amounts of flash-flooding rainfall. During landfall, a hurricane rainfall of 10 to 15 inches or more is common. If the storm is large and moving slowly—i.e., less than 10 mph—the rainfall amounts from a well-organized storm are likely to be even more excessive. 

During a hurricane, the heaviest rain usually occurs along the coastline, but sometimes there is a secondary maximum further inland. This heavy rain usually occurs slightly to the right of the cyclone track, typically somewhere between six hours before and six hours after landfall. The amount of rain depends on the size of the cyclone, the forward speed of the cyclone, and whether it interacts with a cold front. Interaction with a cold front will not only produce more tornadoes, but more rainfall as well
.

Hurricane–Torrential Rain

For related information concerning the definition, description, and historical occurrences of hurricane-torrential rain hazards, refer to the Hurricane–Torrential Rain hazard section contained in the Lesser Hazards portion of this risk assessment.

Hurricane–Torrential Rain Hazard Scores

Figure 2-9 was eliminated from this plan update. It represented the relative location of Hurricane–Torrential Rain hazard vulnerability across 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 within the state. The score for the entire state of North Carolina is 300, which represents a higher hazard vulnerability score. 

The total hazard scores are a composite of individual hazard vulnerability assessment scores 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)

Location and Extent

The entire state of North Carolina is susceptible to experiencing Hurricane-Torrential rain. Based on past events, future events affecting North Carolina could have a hurricane rainfall of 15 to 20 inches. 

Hurricane–Tornado

For related information concerning the definition, description and historical occurrences of hurricane–tornado hazards, refer to the Tornado hazard section contained in the Lesser Hazards portion of this risk assessment.

Hurricane–Tornado Hazard Scores

Figure 2-12 represents the relative location of Hurricane–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 other individual hazard maps.)

Figure 2-12. Hurricane–Tornado Hazard Scores by County
[image: image18.jpg]North Carolina Risk Assessment:
Hurricane-Tornado Hazard Scores by County

Hazard Vulnerability Scoring Summary
Legend

Hurricane - Tomato Scores

o

The tosl hazard score displayed heresve s cemmposit ofindividusl hazard
alnsrabiltyasseesment scares fo the Lesce hazarde of Nenth Carclin.
assigneden s dimata divisicn Leval (Guttman and Quayle, 1996). Each

e 0 imdso o bed v s v e hard s »
6 | @ N
Indihdual HaardSeres ware ileatd with heallowing eqatin
Fhuzrd Secr = Sope x Frquancy x ntenaty e Destructiva Potental A
Missmum Hrd Sia=0 s map o et by, Kalhaine Eshlbach
Fhnd Vi Planing cle
o e e et i the g gt Degurtment fCoy and o Paseing —
Total Hazard S cdoalated wih the fellowing equati Univarsity of North Car dlina at Chap ol Fill o 5 00 a0

“Total Hazard Seore = I {ndividusl Hizard Secrss) A

Kilometers





Extent
For extent information, please see Appendix A-3, Pages 33-74, Tornado.
Nor’easter
Definition

Nor’easters, named for the strong northeasterly winds that blow in advance of the storm, are also referred to as extratropical cyclones, mid-latitude storms, or Great Lakes storms. Extratropical cyclones are characterized by having a low-pressure system with associated warm, cold, and occluded fronts. Nor’easters represent a type of mid-latitude storm that occurs off the East Coast of the United States. They can occur at any time of the year, but the ones that occur during the fall and winter months are usually the most active because of the temperature differences of converging air masses: the cold air is colder, and the warm air drawn up from the south and from the ocean is still quite warm. Nor’easters usually develop between 30 and 35 Degrees north latitude, because that is where the Gulf Stream comes closest to the continent. 

Description

The presence of the Gulf Stream off the eastern seaboard during the winter season acts to dramatically enhance surface horizontal temperature gradients within the coastal zone. This is particularly true off the North Carolina coastline where, on average, the Gulf Stream is closest to land north of 32 Degrees latitude (Cione et al., 1996
).

It is the temperature structure of the continental air mass and the position of the temperature gradient along the Gulf Stream that drives this cyclonic development (Cione et al., 1996
). As a low-pressure system deepens, winds and waves can increase uninhibitedly and cause serious damage to coastal areas as the storm generally moves to the northeast. Davis and Dolan (1993) have proposed an intensity scale (shown in Table 2-13) that is based upon levels of coastal degradation.  

Table 2-13. Dolan-Davis Nor’easter Intensity Scale

(Davis and Dolan, 1993
)

	DOLAN-DAVIS NOR’EASTER INTENSITY SCALE

	Storm Class
	Beach Erosion
	Dune Erosion
	Overwash
	Property Damage

	1 (Weak)
	Minor changes
	None
	No
	No

	2 (Moderate)
	Modest; mostly to lower beach
	Minor
	No
	Modest

	3 (Significant)
	Erosion extends across beach
	Can be significant
	No
	Loss of many structures at local level

	4 (Severe)
	Severe beach erosion and recession
	Severe dune erosion or destruction
	On low beaches
	Loss of structures at community level

	5 (Extreme)
	Extreme beach erosion
	Dunes destroyed over extensive areas
	Massive in sheets and channels
	Extensive at regional level; millions of dollars


Historical Occurrences

A number of notable nor’easters have impacted North Carolina in recent decades, including the Ash Wednesday Storm of March 1962, but those events were typically only of local concern. One exception to this was the nor’easter that occurred in late October and early November 1990, which loosened a dredge barge that struck and destroyed approximately five roadway segments of the Bonner Bridge in Dare County. Another nor’easter struck the Outer Banks on Oct. 31, 1991, causing substantial beach erosion. Table 2-14 lists the historical occurrences of nor’easters experienced in North Carolina. No additional nor’easter events affected the state significantly after November 2010
Table 2-14. History of Nor’easters in North Carolina

	NORTH CAROLINA NOR’EASTER EVENTS

	#
	Event
	Duration
	Location
	Extent of Damages

	1
	Nor’easter 
	11/18/1935
	Dare Co
	$2.0 million

	2
	Ash Wednesday Storm
	03/1962
	Dare
	$1.9 million

	3
	Nor’easter
	04/14/1988
	Dare Co
	

	4
	Halloween Storm “Perfect Storm”
	10/1991
	Outer Banks
	$6.7 million

	5
	Nor’Easter
	03/1993
	Southeast
	

	6
	Labor Day Nor’easter
	09/05/1994
	New Hanover
	

	7
	Nor’Easter
	04/2007
	Dare Co
	

	8
	Nor’Easter
	11/10-15/2009
	Dare Co
	$2.0 million

	9
	Nor’Easter
	11/11-11/13/2010
	Dare Co
	


Nor’easter Hazard Scores

Figure 2-13 represents the relative location of Nor’easter 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 other individual hazard maps.)
Location and Extent
The map below portrays the location of Nor’easters in North Carolina. Based on historical occurrences, the magnitude of future events could be as extensive as a Class 5 (Extreme), based on the Dolan-Davis Nor’easter Intensity Scale, which would cause extreme beach erosion, for dunes to be destroyed over extensive areas, with a massive overwash in sheets and channels, and extensive property damage at regional level.
Figure 2-13. Nor’easter (Northeaster) Hazard Scores by County
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Nor’easter–Storm Surge
For related information concerning the definition, description and historical occurrences of nor’easter–storm surge hazards, refer to the Hurricane–Storm Surge hazard section contained in the Greater Hazards portion of this risk assessment.

Nor’easter–Storm Surge Hazard Scores

Figure 2-14 represents the relative location of Nor’easter–Storm Surge 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 other individual hazard maps.)

Location and Extent

The yellow counties in the below map represent where the worst case scenario for Nor-easters-Storm Surge in North Carolina could be experienced. Based on past events, future events could have a storm surge or flood depth of up to 20 feet. 

Figure 2-14. Northeaster (Nor’easter)–Storm Surge Hazard Scores by County
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Nor’easter–High Wind 
For related information concerning the definition, description and historical occurrences of nor’easter–high wind hazards (including location and extent), refer to the High Wind hazard section contained in the Lesser Hazards portion of this risk assessment.

Nor’easter–High Wind Hazard Scores

Figure 2-15 represents the relative location of Nor’easter–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 other individual hazard maps.) 
Figure 2-15. Northeaster (Nor’easter)–High Wind Hazard Scores by County
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Nor’easter–Severe Winter Weather
For related information concerning the definition, description and historical occurrences of nor’easter–severe winter weather hazards (including location and extent), refer to the Severe Winter Weather hazard section contained in the Lesser Hazards portion of this risk assessment.

Nor’easter–Severe Winter Weather Hazard Scores

Figure 2-16 represents the relative location of Nor’easter–Severe Winter Weather 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 other individual hazard maps.)

Figure 2-16. Northeaster (Nor’easter)–Severe Winter Weather Hazard Scores by County
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Tsunami
Definition

A tsunami is a series of waves of extremely long wavelength and long period, which are generated in a body of water by an impulsive disturbance that displaces the water. Tsunamis are primarily associated with earthquakes that occur in oceanic and coastal regions. Landslides, volcanic eruptions, nuclear explosions, and the impacts of objects from outer space (such as meteorites, asteroids, and comets) can also generate tsunamis.
Description 

As a tsunami crosses the deepest parts of an ocean, its length from crest to crest may be a hundred miles or more, yet its height from crest to trough will only be a few feet or less. Tsunamis cannot be felt aboard ships nor can they be seen from the air in the open ocean. In the deepest oceans, the waves will reach speeds exceeding 600 mph (970 km/hr). When the tsunami enters the shoaling water of coastlines in its path, the velocity of its waves diminishes and the wave height increases. It is in these shallow waters that a large tsunami can crest to heights exceeding 100 feet (30 m) and strike with devastating force (West Coast and Alaska Tsunami Warning Center, NOAA).  

Historical Occurrences

Tsunamis are very rare along the Atlantic Coast of the United States. There is evidence that one tsunami occurred along these cracks some 16,000 to 18,000 years ago (Associated Press, 2000). The tsunami referred to as the 1929 Grand Banks Canada event (precipitated by an earthquake that possessed a Richter Scale magnitude of 7.2) impacted the Maine shoreline. However, North Carolina will be vulnerable to large-scale tsunamis in the future, due to its relative proximity to the Canary Island of LaPalma in Africa
.  La Palma has the potential to experience a volcanic eruption which would trigger a landslide capable of causing a large-scale tsunami event for the entire Atlantic seaboard of the United States. High levels of gas hydrates located along the continental shelf could also cause tsunamis in North Carolina
.

Tsunami Hazard Scores

Figure 2-17 represents the relative location of Tsunami 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 other individual hazard maps.)
Location and Extent
For the eastern counties identified in the below map as being vulnerable to tsunamis, the waves in a future event should not exceed a speed of 100 mph and a height of 20 feet.
Figure 2-17. Tsunami Hazard Scores by County
[image: image23.jpg]North Carolina Risk Assessment:

Tsunami Hazard Scores by County

@
e -

Thie suap ws crested by: Kathering Eschelbach
Clini

Flzard Vit ation Planing Cliic
Departzsent of ity and Regional Planing [ 1
Total Hazard Seoreewere cal ulated with the fllowing squaticn:
“Total Hazard Seore = I {ndividusl Hizard Secrss) Universty of lerth Carcitaa it CBap el Fill 0 s 1m0 E

LastUp dated: February 11, 204
® i Kilometers





Coastal Erosion
Definition

Coastal erosion is the wearing away of the land surface by detachment and movement of soil and rock fragments, during a flood or storm or over a period of years, through the action of wind, water, or other geologic processes. Wind, waves, and longshore currents are the driving forces behind coastal erosion. This removal and deposit of sand permanently changes beach shape and structure. Sand may be transported to land-side dunes, deep ocean trenches, other beaches, and deep ocean bottoms. Additional factors involved in coastal erosion include human activity, sea-level rise, seasonal fluctuations, and climate change.  

Description 

Generally speaking, in an ideal world, a beach system is in dynamic equilibrium. This means that sand is moved from one location to another, but it does not leave the system. For example, winter storms may remove significant amounts of sand, creating steep and narrow beaches. During the summer, gentle waves return the sand, widening beaches and creating gentle slopes. Sand movement will not be consistent from year to year in the same location, however, because so many factors are actively involved in coastal erosion.  

Episodic erosion is induced by a single storm event. Episodic erosion considers the vertical component of two factors: general beach profile lowering and localized conical scour around foundation supports. Episodic erosion is relevant to foundation embedment depth and potential undermining. The term Erosion Hazard Area (EHA) is defined as an anticipated area being lost to shoreline retreat over a given period of time. The projected inland extent of the area is measured by multiplying the number of years by the average annual long-term recession rate.

Historical Occurrences

North Carolina first evaluated long-term average erosion rates for the state’s 300-mile ocean coastline in 1979. The Division of Coastal Management evaluates these erosion rates about every five years. The most recent erosion figures for North Carolina were generated in 1998. Of the 312 miles of shoreline mapped, the 1998 update showed long-term average annual erosion rates of 2 feet per year along 193 miles of shoreline. Of this figure, 99 miles of shoreline had accreted (or gained) sand. The amount of severely eroding shoreline—areas with erosion rates greater than 5 feet per year—decreased from 21 percent of the coast in 1992 to 18 percent of it in 1998.

The erosion hazard was dramatized recently by the predicament of the Cape Hatteras lighthouse in Dare County. When the lighthouse was constructed in 1870, it was situated 1,500 feet from shore. By late 1987, the lighthouse stood only 160 feet from the sea and was in danger of collapsing, despite temporary protective measures to reduce the rate of beach erosion. In 1999, the National Park Service successfully moved the lighthouse back 2,900 feet, at a cost of $9.8 million.
Significant North Carolina Coastal Erosion Events (By Decade)

The following overview provides a synopsis of notable coastal erosion events that have impacted North Carolina during the past 40 years:

1960s:  The Ash Wednesday Storm of 1962 caused coastal erosion. In 1964, wind-driven water from Hurricane Gladys caused severe erosion of the dunes for half of the coastline of North Carolina. 

1970s:  In Feb. 1979, Wrightsville and Carolina Beaches experienced high tides, which in turn caused a berm to cut back 5 to 12 feet. Bulkhead damage was experienced on Shell Island and a fishing pier there was damaged. In April 1979, a house on Shell Island experienced the effects of severe erosion. In Sept. 1979, Hurricane David caused severe coastal erosion. 

1980s:  In June 1982, minor beach erosion was caused by a sub-tropical storm hitting North Carolina. In March 1983, a nor’easter caused significant damage to sand dunes, piers, and sea walls. Overwash was significant, causing a major highway to be closed. In Sept. 1984, Hurricane Diana caused 10 to 20 feet of berm at Wrightsville Beach to erode, but this was a normal and expected adjustment of the beach nourishment project for that area. Carolina Beach and parts of Brunswick County experienced some erosion effects from the storm.

1990s:  In Nov. 1994, Hurricane Gordon caused severe erosion to coastal areas. In Dec. 1994, a pressure gradient caused the tide to cut an 8-foot ledge in the sand on Wrightsville Beach. Carolina Beach’s sand dunes were breached by the surf and caused some roads to be closed. In Sept. 1995, Hurricane Luis caused 6 to 12 feet of the frontal dune line to be eroded in the Bogue Banks. In 1996, hurricanes Bertha and Fran caused coastal erosion. Bertha generated significant erosion but the erosion caused by Fran was more severe, because the beaches did not have sufficient time to recover from Hurricane Bertha. In Feb. 1998, a nor’easter caused heavy surf and high tides 2 feet above normal at Wrightsville and Kure Beaches. Four feet of dunes were eroded and minor overwash occurred. In Aug. 1998, Hurricane Bonnie prompted storm surges of 5 to 7 feet and caused overwash of the barrier islands. 

2000s:  On Sept. 18, 2003, Hurricane Isabel caused major ocean overwash and beach erosion along the Outer Banks, where waves up to 20 feet accompanied a 6- to 8-foot storm surge. Significant beach erosion occurred across the Outer Banks at Currituck County. On Aug. 14, 2004, Tropical Storm Charley moved to the northeast across the Coastal Plains of eastern North Carolina. Storm surge values were highest along the Onslow County coastline, where a 2- to 3-foot surge was estimated, and 8-foot waves caused minor beach erosion along south-facing beaches. On Sept. 12, 2006, Tropical Storm Ophelia caused beach erosion, whereby a longshore current gouged a 5-foot escarpment along the coasts of New Hanover and Pender counties. 

2010s:  A NOAA-USGS airborne lidar survey of post-storm topography was completed on August 28, 2011 along the North Carolina coast to detect coastal change resulting from Hurricane Irene. Comparisons of the post-storm elevation data to lidar data collected in 2009 are used to characterize the nature, magnitude, and spatial variability of hurricane-induced coastal changes, such as beach erosion, overwash deposition, and island breaching. Lidar topography from August 11-15, 2009 (Pre-Storm) and August 28, 2011 (Post-Storm) and topographic change (Difference) for portions of Core Banks, Ocracoke Island, Hatteras Village, Outer Banks near Rodanthe, and Outer Banks in the Pea Island National Wildlife Refuge NC, demonstrated a relatively low beach section on the pre-storm images that likely indicated where breaches had been cut through at previous times. The Irene breach was clearly seen in the post-storm lidar data. The difference images demonstrated over 1 meter of vertical erosion in the beaches that were breached, deposition landward of roads, signs of overwash when waves overtop the beaches and dunes and drive sand inland. (http://coastal.er.usgs.gov/hurricanes/irene/lidar/). In addition, Hurricane Sandy caused significant erosion in many areas of the Outer Banks. This was especially notable in Currituck County.
Location and Extent

Figure 2-18 illustrates areas of hazard concern with regard to long-term average erosion rates.  These data represent the data results of the 2002-2003 Erosion Rate Update Study performed by the North Carolina Division of Coastal Management.  They illustrate average annual rates of shoreline change over approximately 50 years.  The information presented here is not predictive, nor does it reflect the short-term or episodic erosion that occurs during coastal storm events.  These data are however used as factors in determining setback distances for oceanfront construction. Based on previous occurrences and on NOAA-USGS’ study, a future event in the beaches of North Carolina could have a magnitude of over 1 meter of vertical erosion over a period of one year.
Figure 2-18. North Carolina Coastal Erosion Hazard Areas 

[image: image24]
Coastal Erosion Hazard Scores
Figure 2-19 represents the relative location of Coastal Erosion 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 other individual hazard maps.)
Figure 2-19. Coastal Erosion Hazard Scores by County
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Rip Current
Definition

A rip current is a narrow channel of water flowing seaward from the beach though areas of breaking waves, occurring over the waters and bays of an ocean. Rip currents often form when the gradient wind is strong and directly onshore or when the swell from a distant extratropical or tropical cyclone impinge on the coast.
 

Description

Rip currents are shallow water processes that do not necessarily pull swimmers underwater immediately as they are typically defined by their motion outward toward the sea. Rip currents form when water that has been piled against the shore begins to return to deeper water. Typically, strong wind and swell waves push water over a sandbar, allowing excess water to collect. Eventually, the excess water starts to return seaward through low areas in the sandbar, “ripping” an opening.

Near the beach, rip currents are narrow (30–60 feet wide) with increasing width as they extend up to 1,000 feet offshore. The velocity of the water can be as high as 5 mph, which is faster than the velocity typically demonstrated by Olympic swimmers
. Rip currents form when wind and swell waves are pushed over sandbars. The weight of the excess water near the shore can rip an opening in the sandbar, thus allowing water to rush seaward
.  Figure 2-20 illustrates the mechanics of rip currents.

Figure 2-20. Mechanics of Rip Currents 
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Historical Occurrences

Rip current events that occurred between Aug. 1995 and December 2012 caused 35 fatalities and 17 injuries, as reported by the National Climatic Data Center (NCDC)xxvi. The details of the events reported by the NCDC Web site are found in Table 2-15. 
Table 2-15. Detailed History of Rip Currents in North Carolina

	STORM SURGE/OCEAN SURF EVENTS

	#
	Event
	Duration
	Location or County
	Severity
	Extent of Damages

	1
	Rip Currents
	   08/13/1995
	Dare 
	Fatalities:2
	Property: $0

	
	
	
	(Rodanthe)
	Injuries: 3
	Crop: $0

	2
	Rip Currents
	   07/01/1997
	New Hanover
	Fatalities: 0
	Property: $0

	
	
	
	(Carolina Beach)
	Injuries: 1
	Crop: $0

	3
	Rip Currents
	   07/14/1997
	New Hanover
	Fatalities: 0
	Property: $0

	
	
	
	
	Injuries: 0
	Crop: $0

	4
	Rip Currents
	   07/14/1997
	Pender 
	Fatalities: 0
	Property: $0

	
	
	
	(Surf City, Topsail)
	Injuries: 1
	Crop: $0

	5
	Rip Currents
	   08/11/2000
	New Hanover (Wrightsville Beach and SW)
	Fatalities: 0
	Property: $0

	
	
	
	
	Injuries: 0
	Crop: $0

	6
	Rip Currents
	   08/20/2000
	New Hanover 
	Fatalities: 1
	Property: $0

	
	
	
	(Kure Beach)
	Injuries: 0
	Crop: $0

	7
	Rip Currents
	   09/13/2000
	New Hanover 
	Fatalities: 3
	Property: $0

	
	
	
	(Kure Beach)
	Injuries: 0
	Crop: $0

	8
	Rip Currents
	   05/31/2002
	Carteret 
	Fatalities: 1
	Property: $0

	
	
	
	(Atlantic)
	Injuries: 0
	Crop: $0

	9
	Rip Currents
	   06/22/2002
	Dare 
	Fatalities: 1
	Property: $0

	
	
	
	(Rodanthe)
	Injuries: 0
	Crop: $0

	10
	Rip Currents
	   06/23/2002
	Carteret (15 miles west of Atlantic Beach)
	Fatalities: 1
	Property: $0

	
	
	
	
	Injuries: 0
	Crop: $0

	11
	Rip Current
	   09/09/2004
	Cape Hatteras 
	Fatalities: 1
	Property: $0

	
	
	
	
	Injuries: 0
	Crop: $0

	12
	Rip Current
	   07/18/2004
	Atlantic Beach 
	Fatalities: 1
	Property: $0

	
	
	
	
	Injuries: 0
	Crop: $0

	13
	Rip Current
	   07/28/2004
	Ocracoke
	Fatalities: 1
	Property: $0

	
	
	
	
	Injuries: 0
	Crop: $0

	14
	Rip Current
	   08/05/2004
	Nags Head
	Fatalities: 1
	Property: $0

	
	
	
	
	Injuries: 0
	Crop: $0

	15
	Rip Current
	   09/22/2004
	Corolla
	Fatalities: 1
	Property: $0

	
	
	
	
	Injuries: 0
	Crop: $0

	16
	Rip Current
	   09/23/2004
	Corolla
	Fatalities: 1
	Property: $0

	
	
	
	
	Injuries: 0
	Crop: $0

	17
	Rip Current
	   05/27/2005
	Kill Devil Hills
	Fatalities: 1
	Property: $0

	
	
	
	
	Injuries: 0
	Crop: $0

	18
	Rip Current
	   06/22/2005
	Nags Head
	Fatalities: 1
	Property: $0

	
	
	
	
	Injuries: 0
	Crop: $0

	19
	Rip Current
	   07/27/2005
	Carolina Beach 
	Fatalities: 1
	Property: $0

	
	
	
	
	Injuries: 0
	Crop: $0

	20
	Rip Current
	   07/24/2006
	Carteret 
	Fatalities: 1
	Property: $0

	
	
	
	
	Injuries: 0
	Crop: $0

	21
	Rip Current
	05/05/2007
	Carteret
	Fatalities: 1
	Property: $0

	
	
	
	
	Injuries: 0
	Crop: $0

	22
	Rip Current
	05/12/2007
	Onslow
	Fatalities: 1
	Property: $0

	
	
	
	
	Injuries: 0
	Crop: $0

	23
	Rip Current
	05/27/2007
	Eastern Hyde
	Fatalities: 1
	Property: $0

	
	
	
	
	Injuries: 0
	Crop: $0

	26
	Rip Current
	06/16/2007
	New Hanover
	Fatalities: 1
	Property: $0

	
	
	
	
	Injuries: 0
	Crop: $0

	27
	Rip Current
	07/01/2007
	Eastern Dare
	Fatalities: 1
	Property: $0

	
	
	
	
	Injuries: 0
	Crop: $0

	28
	Rip Current
	07/04/2007
	Eastern Hyde
	Fatalities: 1
	Property: $0

	
	
	
	
	Injuries: 0
	Crop: $0

	29
	Rip Current
	08/20/2007
	New Hanover
	Fatalities: 1
	Property: $0

	
	
	
	
	Injuries: 0
	Crop: $0

	30
	Rip Current
	07/12/2008
	New Hanover
	Fatalities: 0
	Property: $0

	
	
	
	
	Injuries: 0
	Crop: $0

	31
	Rip Current
	08/18/2008
	New Hanover
	Fatalities: 0
	Property: $0

	
	
	
	
	Injuries: 0
	Crop: $0

	32
	Rip Current
	08/31/2008
	New Hanover
	Fatalities: 0
	Property: $0

	
	
	
	
	Injuries: 0
	Crop: $0

	33
	Rip Current
	08/31/2008
	New Hanover
	Fatalities: 1
	Property: $0

	
	
	
	
	Injuries: 0
	Crop: $0

	34
	Rip Current
	09/06/2008
	New Hanover
	Fatalities: 0
	Property: $0

	
	
	
	
	Injuries: 0
	Crop: $0

	35
	Rip Current
	06/06/2009
	New Hanover
	Fatalities: 1
	Property: $0

	
	
	
	
	Injuries: 0
	Crop: $0

	36
	Rip Current
	06/27/2009
	New Hanover
	Fatalities: 1
	Property: $0

	
	
	
	
	Injuries: 0
	Crop: $0

	37
	Rip Current
	07/24/2009
	Eastern Dare
	Fatalities: 1
	Property: $0

	
	
	
	
	Injuries: 0
	Crop: $0

	38
	Rip Current
	08/08/2009
	New Hanover
	Fatalities: 1
	Property: $0

	
	
	
	
	Injuries: 0
	Crop: $0

	39
	Rip Current
	08/22/2009
	New Hanover
	Fatalities: 0
	Property: $0

	
	
	
	
	Injuries: 0
	Crop: $0

	40
	Rip Current
	09/18/2009
	Eastern Dare
	Fatalities: 1
	Property: $0

	
	
	
	
	Injuries: 0
	Crop: $0

	41
	Rip Current
	08/07/2010
	New Hanover
	Fatalities: 0
	Property: $0

	
	
	
	
	Injuries: 0
	Crop: $0

	42
	Rip Current
	08/07/2010
	New Hanover
	Fatalities: 1
	Property: $0

	
	
	
	
	Injuries: 0
	Crop: $0

	43
	Rip Current
	08/24/2010
	Carteret
	Fatalities: 1
	Property: $0

	
	
	
	
	Injuries: 0
	Crop: $0

	44 
	Rip Current
	06/24/2012
	Coastal Brunswick
	Fatalities: 1

Injuries: 0
	Property: $0

Crop: $0

	45
	Rip Current
	06/20/2012
	Eastern Dare
	Fatalities: 1

Injuries: 0
	Property: $0

Crop: $0

	46
	Rip Current
	07/16/2012
	Coastal New Hanover
	Fatalities: 0

Injuries: 3
	Property: $0

Crop: $0

	47
	Rip Current
	07/17/2012
	Coastal New Hanover
	Fatalities: 0

Injuries: 0
	Property: $0

Crop: $0


Rip Current Hazard Scores

Figure 2-21 represents the relative location of Rip Current 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 other individual hazard maps.)
Figure 2-21. Rip Current Hazard Scores by County 
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Location and Extent

The above map portrays the counties that are at risk of experiencing rip currents. Future events in these counties, near the beach, rip currents could be 30–60 feet wide, with increasing width as they extend up to 1,000 feet offshore. The velocity of the water can be as high as 5 mph.
Severe Winter Weather Hazards

Severe Winter Weather

Definition

Severe winter storms are extra-tropical cyclones fueled by strong temperature gradients and an active upper-level jet stream. These storms produce an array of hazardous weather conditions, including freezing rain, ice storms, snowstorms, blizzards, and wind chill.

Description

The winter storms that typically impact North Carolina generally form in the Gulf of Mexico or off the southeast Atlantic Coast. The entire state has a likelihood of experiencing severe winter weather. The threat varies by location and by type of storm. Coastal areas typically face their greatest weather threat from nor’easters and other severe winter coastal storms. These storms can contain strong waves and result in extensive beach erosion and flooding. Freezing rain and ice storms typically occur once every several years at coastal locations and severe snowstorms have been recorded occasionally in coastal areas.

Historical Occurrences

In recent years, presidential disasters have been declared in North Carolina for severe winter weather in Jan./Feb.1996, Jan. 2000, Dec. 2002, and March 2003. Since Feb.1993, 16 deaths and 192 injuries have been attributed to snow and ice events that have occurred in the state. Total property damage for those events is estimated at $346.616 million
. Table 2-16 lists severe winter storms and the impacted counties. FEMA Public Assistance data is listed when available. Detailed information about two of these severe winter weather events follows the table.

Table 2-16. Detailed Severe Winter Weather History of North Carolina

	NORTH CAROLINA SEVERE WINTER STORM EVENTS

	#
	Event
	Duration
	Location
	Severity
	FEMA Assistance Available

	1
	Blizzard
	01/05/1996–
	 
	 
	 

	
	
	1/6/1996
	
	
	

	2
	Blizzard
	01/24/2000–
	Alamance, Anson, Cabarrus, Caswell, Chatham, Davidson, Durham, Edgecombe, Franklin, Granville, Guilford, Halifax, Harnett, Hoke, Johnston, Lee, Mecklenburg, Montgomery, Moore, Nash, Northampton, Orange, Person, Randolph, Richmond, Rockingham, Scotland, Stanly, Union, Vance, Wake, Warren, Wilson  (See Figure 2–17.)
	 
	Public Assistance for listed counties. All counties in the state eligible for HMGP Assistance.

	3
	Ice Storm
	12/4/2002
	Alamance, Alexander, Anson, Burke, Cabarrus, Catawba, Chatham, Cleveland, Davidson, Durham, Franklin, Gaston, Granville, Guilford, Halifax, Harnett, Iredell, Lee, Lincoln, McDowell, Mecklenburg, Montgomery, Moore, Nash, Orange, Person, Randolph, Richmond, Rowan, Rutherford, Stanly, Union, Vance, Wake  (See Figure 2–18.)
	 
	Public Assistance

	
	
	
	Alamance, Alexander, Anson, Burke, Cabarrus, Caldwell, Catawba, Chatham, Cleveland, Davidson, Durham, Edgecombe, Forsyth, Franklin, Gaston, Granville, Guilford, Halifax, Harnett, Iredell, Lee, Lincoln, McDowell, Mecklenburg, Montgomery, Moore, Nash, Orange, Person, Randolph, Rowan, Rutherford, Stanly, Union, Vance, Wake
	 
	HMGP 

	4
	Ice Storm
	2/17/2003
	Bladen, Robeson
	 
	 

	5
	Ice Storm
	2/27/2003
	Alexander, Davie, Rowan
	 
	 

	6
	Ice Storm
	3/27/2003
	 
	 
	 

	7
	Ice Storm
	12/14/2003
	Catawba, Cleveland, Henderson, Iredell
	$3,000 property damage
	 

	8
	Ice Storm
	1/25/2004
	Bladen, Robeson
	$2.5 million property damage
	 

	9
	Ice Storm
	1/26/2004
	Southeastern Coastal Plain
	$13 million property damage
	 

	10
	Ice Storm
	2/2/2004
	Foothills  
	 
	 

	11
	Ice Storm
	2/5/2004
	Alleghany, Watauga
	 
	 

	12
	Ice Storm
	1/29/2005
	Cherokee, Clay 
	 
	 

	13
	Ice Storm
	1/30/2005
	Rockingham, Stokes, Yadkin
	 
	 

	14
	Ice Storm
	2/3/2005
	Mountains
	 
	 

	15
	Ice Storm
	12/9/2005
	Henderson 
	$50,000 property damages
	 

	16
	Ice Storm
	12/9/2005
	Alexander, McDowell
	 
	 

	17
	Ice Storm
	12/15/2005
	Foothills, Mountains, Piedmont
	$1,164,000 property damage
	

	
	
	
	
	
	

	18
	Severe Winter Weather
	12/14/2005
	Alleghany, Ashe, Avery, Buncombe, Burke, Caldwell, Haywood, Jackson, Madison, McDowell, Mitchell, Watauga, and Yancey Counties.
	$10,000,000 in property damage and loss of function
	Public Assistance and HMGP

	
	
	
	
	
	

	19
	Winter Weather
	11/19/2006
	Avery, Graham, Haywood, Madison, Mitchell, Swain, Yancey
	 
	 

	20
	Winter Weather
	12/7/2006
	Avery, Buncombe, Graham, Haywood, Jackson, Madison, Mitchell, Swain, Yancey
	 
	 

	21
	Winter Weather
	12/26/2006
	Avery, Haywood, Mitchell, Swain, Yancey
	 
	 

	22
	Winter Weather
	1/9/2007
	Ashe, Buncombe, Burke, Caldwell, Henderson, Jackson, Macon, McDowell, Transylvania, Watauga
	 
	 

	23
	Winter Weather
	1/18/2007
	Alamance, Alexander, Avery, Buncombe, Burke, Cabarrus, Caldwell, Catawba, Chatham, Cleveland, Davidson, Davie, Durham, Forsyth, Franklin, Gaston, Granville, 
Guilford, Harnett, Henderson, Iredell, Jackson, Johnston, Lee, Lincoln, McDowell, 
Mecklenburg, Mitchell, Montgomery, Moore, Orange, Person, Polk, Randolph, Rowan, Rutherford, Stanly, Transylvania, Union, Vance, Wake, Warren, Wayne, Yancey
	 
	 

	24
	Winter Weather
	1/21/2007
	Alamance, Avery, Buncombe, Burke, Caldwell, Davidson, Davie, Durham, Forsyth, Graham, Granville, Guilford, Haywood, Henderson, Iredell, Jackson, Macon, Madison, McDowell, Mitchell, Orange, Polk, Randolph, Rowan, Rutherford, Swain, Transylvania, Vance, Warren, Yancey
	 
	 

	25
	Winter Weather
	1/25/2007
	Avery, Madison, Mitchell, Yancey
	 
	 

	26
	Winter Weather
	1/28/2007
	Avery, Buncombe, Burke, Caldwell, Camden, Currituck, Graham, Haywood, Madison, McDowell, Mitchell, Pasquotank, Perquimans, Swain, Transylvania, Yancey
	 
	 

	27
	Winter Weather
	2/1/2007
	Anson, Avery, Buncombe, Burke, Cabarrus, Caldwell, Catawba, Cherokee, Clay, Cumberland, Duplin, Edgecombe, Franklin, Greene, Halifax, Harnett, Haywood, Hoke, Iredell, Johnston, Lee, Lenoir, Lincoln, Madison, Martin, McDowell, Mitchell, Moore, Nash, Pitt, Richmond, Rowan, Rutherford, Sampson, Scotland, Wake, Washington, Wilson, Yancey
	 
	 

	28
	Winter Storm
	2/1/2007
	Chatham, Cleveland, Davidson, Polk, Gaston, Rutherford, Mecklenburg, Montgomery, Randolph, Stanly, Union
	 
	 

	29
	Winter Weather
	2/17/2007
	Buncombe, Burke, Caldwell, Jackson, Macon, McDowell
	 
	 

	30
	Winter Weather
	4/6/2007
	Buncombe, Burke, Jackson, McDowell, Swain
	 
	 

	31
	Winter Weather
	12/7/2007
	Alamance, Chatham, Davidson, Durham, Edgecombe, Forsyth, Franklin, Granville, Guilford, Halifax, Harnett, Johnston, Nash, Orange, Person, Randolph, Vance, Wake, Warren, Wilson
	 Property Damage: $415,000
	

	32
	Winter Weather
	1/1/2008
	Buncombe, Caldwell, Graham, Jackson, Jackson, Macon, Polk, Swain, Transylvania
	 
	 

	33
	Winter Weather
	1/16/2008
	Cabarrus, Cleveland, Davie, Gaston, Iredell, Lincoln, Mecklenburg, Rowan, Union
	 
	 

	34
	Winter Weather
	1/17/2008
	Alamance, Anson, Chatham, Cumberland, Davidson, Durham, Forsyth, Guilford, Harnett, Hoke, Johnston, Lee, Montgomery, Moore, Orange, Person, Randolph, Richmond, Scotland, Stanly, Wake
	 
	 

	35
	Winter Storm
	1/17/2008
	Ashe, Watauga
	 
	 

	36
	Winter Weather
	1/19/2008
	Alamance, Alexander, Anson, Avery, Buncombe, Burke, Caldwell, Catawba, Chatham, Cleveland, Cumberland, Davidson, Forsyth, Franklin, Gates, Harnett, Haywood, Henderson, Hoke, Iredell, Jackson, Jackson, Johnston, Lee, Macon, Madison, McDowell, Mitchell, Montgomery, Moore, Polk, Randolph, Richmond, Rutherford, Stanly, Transylvania, Vance, Warren, Yancey
	 
	 

	37
	Winter Weather
	1/22/2008
	Cabarrus, Davie, Graham, Iredell, Jackson, Macon, Mecklenburg, Rowan, Swain, Union
	 
	 

	38
	Winter Weather
	1/31/2008
	Avery, Buncombe, Burke, Caldwell, Haywood, Henderson, Jackson, Macon, McDowell, Mitchell, Polk, Rutherford, Transylvania, Yancey
	 
	 

	39
	Winter Storm
	1/19/2008
	Durham, Orange, Person, Scotland
	 
	 

	40
	Winter Weather
	2/1/2008
	Haywood, Jackson, Jackson, Macon
	 
	 

	41
	Winter Storm
	2/13/2008
	Alamance, Alexander, Burke, Caldwell, Catawba, Davidson, Davie, Durham, Forsyth, Guilford, Iredell, Rowan, Vance
	 
	 

	42
	Winter Storm
	2/13/2008
	Granville, Orange, Person
	 
	 

	43
	Winter Weather
	2/26/2008
	Buncombe, Jackson
	 
	 

	44
	Winter Weather
	10/27/2008
	Avery, Buncombe, Burke, Caldwell, Graham, Haywood, Jackson, Macon, Madison, McDowell, Mitchell, Swain, Transylvania, Yancey
	 
	 

	45
	Winter Weather
	11/16/2008
	Avery, Haywood, Madison, Mitchell, Swain, Yancey
	 
	 

	46
	Winter Weather
	11/18/2008
	Avery, Burke, Caldwell, Haywood, Madison, McDowell, Mitchell, Yancey
	 
	 

	47
	Winter Weather
	11/21/2008
	Bertie, Buncombe, Burke, Caldwell, Camden, Chowan, Currituck, Gates, Graham, Haywood, Hertford, Jackson, Macon, Madison, McDowell, Northampton, Pasquotank, Perquimans, Swain
	 
	 

	48
	Winter Weather
	11/25/2008
	Avery, Mitchell, Yancey
	 
	 

	49
	Winter Weather
	12/1/2008
	Buncombe, Burke, Caldwell, Jackson, Macon, McDowell, Transylvania
	 
	 

	50
	Winter Weather
	12/23/2008
	Avery, Madison, Mitchell, Yancey
	 
	 

	51
	Winter Weather
	1/2/2009
	Catawba
	 
	 

	52
	Winter Weather
	1/8/2009
	Graham, Haywood, Swain
	 
	 

	53
	Winter Weather
	1/10/2009
	Avery, Mitchell, Yancey
	 
	 

	54
	Winter Weather
	1/13/2009
	Avery, Buncombe, Graham, Haywood, Jackson, Madison, Mitchell, Swain, Yancey
	 
	 

	55
	Winter Weather
	1/17/2009
	Graham, Jackson, Macon, Swain
	 
	 

	56
	Winter Weather
	1/19/2009
	Buncombe, Burke, Caldwell, Henderson, Jackson, Macon, McDowell, Transylvania
	 
	 

	57
	Winter Weather
	1/20/2009
	Alexander, Bertie, Burke, Caldwell, Catawba, Chowan, Cleveland, Currituck, Davie, Gaston, Iredell, Lincoln, McDowell, Mecklenburg, Northampton, Perquimans, Polk, Rowan, Rutherford
	 
	 

	58
	Winter Storm
	1/20/2009
	Alamance, Anson, Chatham, Cumberland, Durham, Edgecombe, Franklin, Granville, Halifax, Harnett, Hoke, Johnston, Lee, Montgomery, Moore, Nash, Orange, Randolph, Richmond, Sampson, Scotland, Stanly, Vance, Wake, Warren, Wayne, Wilson
	 
	 

	59
	Winter Weather
	1/22/2009
	Alamance, Davidson, Durham, Forsyth, Guilford, Orange, Person
	 
	 

	60
	Winter Weather
	2/2/2009
	Buncombe, Graham, Jackson, Macon, Swain
	 
	 

	61
	Winter Storm
	2/2/2009
	Avery, Haywood, Madison, Mitchell, Yancey
	 
	 

	62
	Winter Weather
	2/3/2009
	Cabarrus, Davie, Forsyth, Guilford, Iredell, Mecklenburg, Rowan, Union
	 
	 

	63
	Winter Weather
	2/4/2009
	Anson, Bladen, Cumberland, Davidson, Edgecombe, Harnett, Johnston, Lee, Montgomery, Moore, Richmond, Scotland, Stanly, Wayne
	 
	 

	64
	Winter Storm
	2/4/2009
	Wilson
	 
	 

	65
	Winter Weather
	2/22/2009
	Avery, Buncombe, Haywood, Jackson, Madison, Mitchell, Swain, Yancey
	 
	 

	66
	Winter Weather
	3/1/2009
	Caldwell, Graham, Jackson, Jackson, Macon, McDowell, Northampton, Swain
	 
	 

	67
	Winter Storm
	3/1/2009
	Avery, Buncombe, Burke, Caldwell, Chatham, Davidson, Durham, Forsyth, Guilford, Haywood, Henderson, McDowell, Mitchell, Orange, Polk, Randolph, Rutherford, Stanly, Transylvania, Yancey
	 
	 

	68
	Winter Storm
	3/2/2009
	Alamance, Franklin, Granville, Montgomery, Moore, Person, Vance, Wake, Warren
	 
	 

	69
	Winter Weather
	3/2/2009
	Edgecombe, Halifax, Harnett, Johnston, Nash, Wilson
	 
	 

	70
	Winter Weather
	4/7/2009
	Buncombe, Jackson
	 
	 

	71
	Winter Weather
	10/17/2009
	Avery, Buncombe, Graham, Haywood, Jackson, Macon, Madison, Mitchell, Swain, Transylvania, Yancey
	 
	 

	72
	Winter Weather
	12/8/2009
	Avery, Caldwell
	 
	 

	73
	Winter Weather
	12/12/2009
	Alexander, Avery, Buncombe, Burke, Caldwell, Catawba, Davie, Henderson, Iredell, Jackson, Macon, McDowell, Mitchell, Polk, Rutherford, Transylvania, Yancey
	 
	 

	74
	Winter Weather
	12/18/2009
	Cabarrus, Chatham, Franklin, Gaston, Halifax, Mecklenburg, Wake, Warren
	 
	 

	75
	Winter Weather
	12/25/2009
	Alexander, Burke, Caldwell, Catawba, Henderson, McDowell, Polk, Rutherford, Transylvania
	 
	 

	76
	Winter Weather
	12/30/2009
	Alamance, Buncombe, Burke, Chatham, Cleveland, Davidson, Durham, Forsyth, Granville, Guilford, Haywood, Henderson, Jackson, Macon, Madison, McDowell, 
Mitchell, Orange, Person, Polk, Randolph, Rutherford, Transylvania, Vance, Yancey
	 
	 

	77
	Winter Storm
	12/18/2009
	Alamance, Alexander, Avery, Buncombe, Burke, Caldwell, Catawba, Cleveland, Davidson, Davie, Durham, Forsyth, Graham, Granville, Guilford, Haywood, Henderson, Iredell, Jackson, Lincoln, Macon, Madison, McDowell, Mitchell, Orange, Person, Polk, Rowan, Rutherford, Swain, Transylvania, Vance, Yancey
	 
	 

	78
	Winter Weather
	1/2/2010
	Buncombe, Graham, Haywood, Jackson, Madison, Mitchell, Swain, Yancey
	 
	 

	79
	Winter Weather
	1/4/2010
	Buncombe, Graham, Haywood, Madison, Mitchell, Swain, Yancey
	 
	 

	80
	Winter Weather
	1/7/2010
	Buncombe, Graham, Haywood, Swain
	 
	 

	81
	Winter Weather
	1/9/2010
	Avery, Buncombe, Graham, Haywood, Madison, Mitchell, Swain, Yancey
	 
	 

	82
	Winter Weather
	1/12/2010
	Avery, Buncombe, Haywood, Madison, Mitchell, Swain, Yancey
	 
	 

	83
	Winter Weather
	1/18/2010
	Alexander, Avery, Buncombe, Burke, Burke, Caldwell, Henderson, Jackson, Macon, McDowell, Mitchell, Polk, Rutherford, Transylvania, Yancey
	 
	 

	84
	Winter Weather
	1/21/2010
	Avery, Buncombe, Burke, Caldwell, Henderson, McDowell, Mitchell, Rutherford, 
Yancey
	 
	 

	85
	Winter Weather
	1/29/2010
	Union
	 
	 

	86
	Winter Storm
	1/29/2010
	Alamance, Anson, Cabarrus, Chatham, Cumberland, Davidson, Durham, Forsyth, Guilford, Johnston, Lee, Mecklenburg, Montgomery, Moore, Nash, Northampton, Orange, Person, Randolph, Stanly, Vance, Wake, Warren, Wayne, Wilson
	 
	 

	87
	Winter Storm
	1/30/2010
	Beaufort, Bertie, Camden, Chowan, Currituck, Currituck, Edgecombe, Franklin, Gates, Granville, Halifax, Harnett, Hertford, Hoke, Lenoir, Pasquotank, Perquimans, Richmond, Robeson, Sampson, Scotland
	 
	 

	88
	Winter Weather
	2/2/2010
	Avery, Burke, Caldwell, Davie, McDowell, Mitchell, Yancey
	 
	 

	89
	Winter Weather
	2/4/2010
	Catawba, Cleveland, Davie, Graham, Haywood, Iredell, Jackson, Lincoln, Macon, Madison, Polk, Rowan, Rutherford, Swain
	 
	 

	90
	Winter Storm
	2/4/2010
	Alexander, Alleghany, Ashe, Avery, Buncombe, Burke, Caldwell, 
Henderson, Jackson, McDowell, Mitchell, Polk, Rockingham, Rutherford, 
Stokes, Surry, Transylvania, Watauga, Wilkes, Yadkin, Yancey
	Property Damage: $754,000
	

	91
	Winter Storm
	2/5/2010
	Forsyth, Guilford, Person
	Property Damage: $100,000
	

	92
	Winter Weather
	2/5/2010
	Alamance, Davidson, Granville, Orange, Vance, Warren
	 
	 

	93
	Winter Storm
	2/9/2010
	Ashe, Watauga
	 
	 

	94
	Winter Weather
	2/10/2010
	Buncombe, Burke, Caldwell, Graham, Haywood, Jackson, Macon, McDowell, 
Swain
	 
	 

	95
	Winter Storm
	2/12/2010
	Anson, Cabarrus, Catawba, Cleveland, Cumberland, Franklin, Gaston, Harnett, Hoke, Johnston, Lee, Lincoln, Mecklenburg, Montgomery, Moore, Nash, Richmond, Rowan, Rutherford, Sampson, Scotland, Stanly, Union, Wake, Wayne, Wilson
	 
	 

	96
	Winter Weather
	2/12/2010
	Alamance, Alexander, Avery, Buncombe, Burke, Caldwell, Chatham, Davidson, Davie, Durham, Forsyth, Graham, Granville, Guilford, Halifax, Haywood, Iredell, Jackson, Madison, McDowell, Mitchell, Orange, Person, Randolph, Swain, Vance, Warren, Yancey
	 
	 

	97
	Winter Weather
	2/13/2010
	Bertie, Camden, Chowan, Gates, Hertford, Northampton, Pasquotank, Perquimans
	 
	 

	98
	Winter Weather
	2/15/2010
	Avery, Buncombe, Burke, Caldwell, Graham, Haywood, Jackson, Macon, Madison, McDowell, Mitchell, Swain, Yancey
	 
	 

	99
	Winter Storm
	2/15/2010
	Ashe, Watauga
	 
	 

	100
	Winter Storm
	2/24/2010
	Ashe, Watauga
	 
	 

	101
	Winter Storm
	3/2/2010
	Alamance, Chatham, Davidson, Edgecombe, Forsyth, Guilford, Harnett, Johnston, Lee, Nash, Randolph, Sampson, Wake, Wayne, Wilson
	 
	 

	102
	Winter Weather
	3/2/2010
	Alexander, Bertie, Burke, Cabarrus, Caldwell, Catawba, Cleveland, Cumberland, Davie, Durham, Franklin, Gaston, Granville, Halifax, Hertford, Iredell, Lincoln, McDowell, Mecklenburg, Montgomery, Moore, Orange, Person, Polk, Rowan, Rutherford, Stanly, Union
	 
	 

	103
	Winter Weather
	3/3/2010
	Avery, Graham, Haywood, Madison, Mitchell, Swain, Yancey
	 
	 

	104
	Winter Weather
	3/22/2010
	Avery, Buncombe, Graham, Haywood, Henderson, Jackson, Macon, Madison, Mitchell, Swain, Transylvania, Yancey
	 
	 

	105
	Winter Weather
	12/4/2010
	Alamance, Avery, Buncombe, Burke, Caldwell, Chatham, Davidson, Durham, Edgecombe, Forsyth, Franklin, Graham, Granville, Guilford, Halifax, Haywood, Jackson, Johnston, Madison, McDowell, Mitchell, Nash, Orange, Person, Randolph, 
Swain, Vance, Wake, Warren, Yancey
	 
	 

	106
	Winter Weather
	12/12/2010
	Burke, Caldwell, Henderson, Jackson, Macon, McDowell, Polk, Rutherford
	 
	 

	107
	Winter Storm
	12/12/2010
	Ashe, Watauga
	 
	 

	108
	Winter Storm
	12/15/2010
	Avery, Mitchell
	 
	 

	109
	Winter Weather
	12/15/2010
	Buncombe, Burke, Caldwell, Graham, Haywood, Henderson, Jackson, Macon, Madison, McDowell, Polk, Rutherford, Swain, Transylvania, Yancey
	 
	 

	110
	Winter Weather
	12/16/2010
	Alamance, Alexander, Anson, Bertie, Burke, Cabarrus, Caldwell, Camden, Catawba, 
Chatham, Chowan, Cleveland, Cumberland, Currituck, Currituck, Davidson, Davie, Duplin, Durham, Edgecombe, Forsyth, Franklin, Gaston, Gates, Granville, Guilford, Halifax, Harnett, Hertford, Hoke, Iredell, Johnston, Lee, Lincoln, McDowell, Mecklenburg, Montgomery, Moore, Nash, Northampton, Orange, Pasquotank, Perquimans, Person, Polk, Randolph, Richmond, Rowan, Rutherford, Sampson, Scotland, Stanly, Vance, Wake, Warren, Wayne, Wilson
	 
	 

	111
	Winter Storm
	12/16/2010
	Ashe, Surry, Watauga
	 
	 

	112
	Winter Weather
	12/18/2010
	Alamance, Orange, Randolph, Vance
	 
	 

	113
	Winter Storm
	12/25/2010
	Alamance, Anson, Bertie, Chatham, Chowan, Cumberland, Currituck, Davidson, Durham, Edgecombe, Forsyth, Franklin, Gates, Granville, Guilford, Halifax, Harnett, Hertford, Hoke, Johnston, Lee, Montgomery, Moore, Nash, Northampton, Orange, Perquimans, Person, Randolph, Richmond, Sampson, Scotland, Vance, Wake, Warren, Wayne, Wilson
	 Property Damage: $100,000
	

	114
	Winter Storm
	12/26/2010
	Camden, Currituck, Pasquotank
	 
	 

	115
	Winter Weather
	1/5/2011
	Avery, Graham, Haywood, Madison, Mitchell, Swain, Yancey
	 
	 

	116
	Winter Weather
	1/6/2011
	Alexander, Burke, Caldwell, Caswell, Catawba, Forsyth, McDowell, Polk, Rutherford
	 
	 

	117
	Winter Weather
	1/7/2011
	Buncombe, Burke, Caldwell, Granville, Halifax, Jackson, Macon, McDowell, Person, Vance, Warren
	 
	 

	118
	Winter Storm
	1/10/2011
	Anson, Chatham, Cumberland, Davidson, Forsyth, Harnett, Hoke, Lee, Montgomery, Moore, Randolph, Richmond, Sampson, Scotland, Stanly, Wayne
	 
	 

	119
	Winter Weather
	1/10/2011
	Alamance, Alexander, Avery, Caldwell, Davie, Durham, Edgecombe, Franklin, Granville, Guilford, Halifax, Iredell, Johnston, Nash, Orange, Person, Rowan, Vance, Wake, Warren, Wilson
	 
	 

	120
	Winter Weather
	1/11/2011
	Avery, Buncombe, Haywood, Jackson, Macon, Madison, Mitchell, Swain, Yancey
	 
	 

	121
	Winter Weather
	1/17/2011
	Avery, Buncombe, Burke, Caldwell, Henderson, McDowell, Mitchell, Rutherford, 
Yancey
	 
	 

	122
	Winter Weather
	1/18/2011
	Alexander, Davie, Iredell, McDowell
	 
	 

	123
	Winter Weather
	1/24/2011
	Avery, Buncombe, Burke, Caldwell, Graham, Haywood, Henderson, Jackson, Jackson, Macon, Madison, McDowell, Mitchell, Polk, Rutherford, Swain, Transylvania, Yancey
	 
	 

	124
	Winter Weather
	1/26/2011
	Buncombe, Graham, Haywood, Jackson, Madison, Swain, Yancey
	 
	 

	125
	Winter Storm
	1/26/2011
	Ashe, Watauga
	 
	 

	126
	Winter Storm
	2/9/2011
	Bertie, Camden, Chowan, Currituck, Pasquotank, Perquimans
	 
	 

	127
	Winter Weather
	2/9/2011
	Gates, Graham, Haywood, Hertford, Jackson, Macon, Northampton, Swain, Transylvania
	 
	 

	128
	Winter Weather
	3/6/2011
	Avery, Buncombe, Graham, Haywood, Jackson, Madison, Mitchell, Swain, Yancey
	 
	 

	129
	Winter Weather
	3/11/2011
	Avery, Buncombe, Graham, Haywood, Jackson, Madison, Mitchell, Swain, Yancey
	 
	 

	130
	Winter Weather
	10/1/2011
	Avery, Mitchell, Yancey
	 
	 

	131
	Winter Weather
	11/29/2011
	Avery, Buncombe, Graham, Haywood, Jackson, Macon, Madison, Mitchell, Swain, Transylvania, Yancey
	 
	 


Significant North Carolina Severe Winter Weather Events

The following overview provides a synopsis of two notable severe winter weather events that have impacted North Carolina during this decade:

Event # 5:  Ice Storm (02/27/2003)

Another round of frozen precipitation moved into the area on the heels of a previous storm, bringing more freezing rain and sleet to areas that already had more than a quarter inch of ice frozen on trees. The total ice accumulations ranged from a trace near the coast to as much as three quarters of an inch of ice over interior sections. The weight of the ice caused major power outages from falling tree limbs, as well as significant structural damage to many residential structures. Some ice accumulations occurred on the roads, especially on bridges and overpasses, with numerous traffic accidents reported. Many residences were left without power for more than a week. Monetary damages totaled more than a million dollars per county in some parts of the state, due to the costs of debris cleanup, utility expenses, and home repair. 

Event # 5:  Ice Storm (02/03/2005)

Ice accretion began to cause damage across the southern mountains and foothills of North Carolina just prior to sunrise. By late morning, the ice storm had become severe, as thousands of trees fell across the area, and power outages became widespread. Numerous trees and large limbs fell on and damaged homes and vehicles. It was estimated that three-quarters of Henderson County’s residents lost power. Most who lost power went without it for at least 24 hours. In some areas, it took as much as five days to restore electricity. Despite the devastation, road problems occurred only rarely, as temperatures hovered right around the freezing mark for most of the event. Duke Power estimated costs for labor overtime and line repair at $72 million for the event, thought these costs are not reflected in the property damage values for the event. In Henderson County, two deaths occurred as an indirect result of the ice storm. One resident died of carbon monoxide poisoning after running an unventilated generator inside a garage. Another resident died of carbon monoxide poisoning due to a malfunctioning gas stove. Ice accumulation ranged from more than a half-inch along the Blue Ridge to one-eighth-of-an-inch or less along the Tennessee border. Several trees and large limbs fell on and damaged homes and vehicles. Numerous slick spots also developed on roadways, primarily in the North Carolina mountains, where a number of accidents occurred.

In addition to these profiled events, Figure 2-22 displays a map of declared disaster counties impacted by a blizzard that occurred in Jan. 2000. Likewise, Figure 2-23 shows a map of declared disaster counties impacted by an ice storm that occurred in Dec. 2002.
Figure 2-22. Severe Winter Weather Event #2:

Map of Declared Disaster Counties
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Figure 2-23. Severe Winter Weather Event #3:  

Map of Declared Disaster Counties
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Severe Winter Weather Hazard Scores

Figure 2-24 represents the relative location of Severe Winter Weather 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 other individual hazard maps.)
Figure 2-24. Severe Winter Weather Hazard Scores by County
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Severe Winter Weather–Freezing Rain
Definition

Freezing rain or freezing drizzle is rain or drizzle occurring when surface temperatures are below freezing. The moisture falls in liquid form but freezes upon impact, resulting in a coating of ice or glaze on all exposed surfaces
. 

Freezing rain is caused when there is a warm mass of air in the middle altitudes between the ground and the cloud deck, followed by a mass of freezing air near the surface. When the precipitation falls from the cloud, it will generally be snow. As it encounters the warm air, it will melt into the usual rain. But, right before it reaches the ground it enters the below-freezing air and quickly turns to ice. On impact, it usually freezes
. 

Figure 2-25 helps illustrate how freezing rain occurs. The red line represents a temperature profile through a portion of the atmosphere. In this example, the snowflakes completely melt and fall through a shallow freezing layer, not allowing them to refreeze into sleet before reaching the ground. As a result, when the liquid droplets encounter exposed objects the droplets freeze upon contact
.

Figure 2-25. Freezing Rain Sounding
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Severe Winter Weather Hazard Scores by County
Description

The geographical orientation of the mountains and Piedmont contribute to a regular occurrence of freezing precipitation events (i.e., ice pellets and freezing rain) in the Piedmont. Such ice events (up to and including ice storms) are often the result of cold air damming (CAD). According to Hartfield et al. (1996), CAD is a shallow, surface-based layer of relatively cold, stably-stratified air which is entrenched against the eastern slopes of the Appalachian Mountains. With warmer air located above, falling precipitation (in the form of snow) melts and then becomes either super-cooled (i.e., liquid below the melting point of water) or re-freezes. In the former case, super-cooled droplets can freeze on impact (freezing rain). In the latter case, the re-frozen water particles are ice pellets (or sleet).

Historical Occurrences

See Table 2-17 for a list of historical occurrences. No freezing-rain events have been recorded by NCDC after 2002.

Table 2-17. History of Freezing Rain Events in North Carolina

	NORTH CAROLINA FREEZING RAIN EVENTS

	#
	Event
	Duration
	Location
	Severity
	Extent of Damages

	1
	Freezing Rain
	   12/09/1995
	Mountains, Foothills
	
	$20,000

	2
	Freezing Rain
	   02/01/1996
	Southern Mountains
	
	

	3
	Freezing Rain
	   01/15/1998
	Western Mountains
	
	

	4
	Freezing Rain
	   02/06/1998
	Western Mountains
	
	

	5
	Snow/sleet
	   02/16/1998
	Western Mountains
	
	

	6
	Ice Pellets
	   03/02/1998
	Southern Coastal
	
	

	7
	Snow/sleet
	   11/08/1998
	Northwestern Mountains
	
	

	8
	Freezing Rain/sleet
	   12/23/1998
	Mountains, Foothills
	
	

	9
	Snow And Sleet
	   01/31/1999
	Mountains
	
	

	10
	Freezing Rain
	   02/01/1999
	Mountains, Foothills
	
	

	11
	Snow And Sleet
	   03/09/1999
	Mountains
	
	

	12
	Freezing Rain/sleet
	   01/16/2000
	Mountains
	
	

	13
	Freezing Rain
	   01/22/2000
	Southern Piedmont
	
	

	14
	Freezing Rain
	   01/29/2000
	Mountains, Foothills
	
	

	15
	Freezing Rain
	   12/10/2000
	Northern Piedmont
	Injuries: 2
	

	16
	Freezing Rain
	   12/13/2000
	Mountains
	
	

	17
	Freezing Rain
	   12/16/2000
	Mountains
	
	

	18
	Black Ice
	   02/05/2001
	Northern Piedmont
	
	

	19
	Snow/sleet
	   02/22/2001
	Mountains
	
	

	20
	Black Ice
	   01/20/2002
	Northern Piedmont
	
	

	21
	Freezing Rain
	   01/21/2002–     

   01/22/2002
	Mountains
	
	

	22
	Freezing Rain
	   12/04/2002
	Statewide
	
	


Severe Winter Weather–Freezing Rain Hazard Scores

Figure 2-26 represents the relative location of Severe Winter Weather–Freezing 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 other individual hazard maps.)

Figure 2-26. Severe Winter Weather–Freezing Rain Hazard Scores by County
[image: image32.jpg]North Carolina Risk Assessment:
Severe Winter Weather - Freezing Rain
Hazard Scores by County

Hazard Vulnerability Scoring Surnary
The total hazard scores displayed here are a composite of individual hazard Legend
bty sessmen sore o he s hagardsof Nenth Carclia Sovere Winter Weather - Freezing Rain Scores
signedon dimatediviion Lovl (Gafman and Quesle, 199). Exch o
oty riorsd 0 ndividua bgard scres ad ome ol hezard sere .
b4 N
ndividus Hazaed Secee s clelatd vith e fellowing equstion: Om
Hugard Scne - Smp e Frequency xIien sty Destracivn Peental. Sm
e S This map ras aeted by Katharne Eschlbach @
Fsard Diigation Planning Clric
Departmnt of City and Regonal lnning 1 —
Total Hagard Scnes e alulted i the fllwing aquaton:
Total Hazard Score= T (individual Hazard Scwes) Univarsity of North Cardina at Chap ol Fill 0 50 100 00
LactUp ated: Fbraary 11, 204 o





Severe Winter Weather–Snowstorms 

Definition

Snow is frozen precipitation in the form of a six-sided ice crystal. Snowstorms include any storm with heavy snow. 

Snow requires temperatures to be below freezing in all or most of the atmosphere from the surface up to cloud level. Snow can fall when surface temperatures are above freezing and form a relatively shallow layer on the ground. In situations like this, the snow will not have enough time to melt before reaching the ground; it will be quite wet and contain large flakes, the result of wet snowflakes sticking to one another. Generally, 10 inches of snow will melt into one inch of water. Sometimes the snow-liquid ratio may be much higher—on the order of 20:1 or 30:1. This commonly happens when snow falls into a very cold air mass, with temperatures of 20 degrees F or less at ground-level
. 

Description

The mountains of North Carolina usually receive several snowfalls of 4 to 6 inches in a typical winter weather season. At least one severe winter storm occurred at some location in the mountains each year between 1984 and 2011. The western area of the state is more likely to experience greater and more frequent snowfalls and blizzards than other locations in the state. Figure 2-27 shows average seasonal snowfall in North Carolina.

Figure 2-27. Average Seasonal Snowfall in North Carolina

Source:  National Weather Service, Raleigh, NC

FEMA commissioned the National Climatic Data Center (NCDC) in 1997 to compile extreme snowfall statistics for the contiguous United States. Single-day observed maximum total snowfall amounts (in inches) were compiled for selected stations (many for the period 1948–1996). The average single-day extreme snowfall for each climate division, based on available county data, is shown in Table 2-18. 

Table 2-18. Average Single-Day Snowfall by Climate Division

	AVERAGE ONE-DAY EXTREME SNOWFALL BY CLIMATE DIVISION

	Climate Division
	Average
	
	Climate Division
	Average

	1
	14.39
	
	5
	11.62

	2
	15.06
	
	6
	10.69

	3
	11.62
	
	7
	12.38

	4
	11.56
	
	8
	12.24


Figure 2-28 shows the annual probability of the occurrence of heavy snowfall.

Figure 2-28. Average Probability of Heavy Snowfall in North Carolina

Source:  National Weather Service, Raleigh, NC
Historical Occurrences

Between January, 1993 and February, 2011, North Carolina reported 202 snowstorm events
. Table 2-19 lists these events in chronological order. Selected detailed information about several of these events follows the table. 

Table 2-19. Detailed Severe Winter Weather-Snowstorms History

	NORTH CAROLINA SNOWSTORM—EVENTS

	#
	Event
	Duration
	Location
	Severity
	Extent of Damages

	1
	Winter Storm
	  02/25/1993
	Mountains
	 
	 

	2
	Winter Storm
	  03/12/1993
	Statewide
	Fatalities: 2  Injuries: 10
	$50,000,000

	3
	Heavy Snow
	  12/20/1993
	Mountains, NW Piedmont
	 
	 

	4
	Heavy Snow
	  01/03/1994
	Mountains
	 
	 

	5
	Heavy Snow/ Snow And Ice
	  02/03/1995–    

  02/04/1995
	NW, Mountains
	 
	 

	6
	Heavy Snow
	  02/08/1995
	NE, Outer Banks
	Fatalities: 1
	 

	7
	Snow
	  11/11/1995–   

  11/14/1995
	Mountains
	 
	 

	8
	Heavy Snow
	  12/06/1995–   

  12/07/1995
	Mountains
	 
	 

	9
	Snow
	  12/12/1995
	NW, Mountains
	 
	 

	10
	Snow
	  12/23/1995–    

  12/27/1995
	NW, Mountains
	 
	 

	11
	Winter Storm
	  01/05/1996–  

  01/07/1996
	Mountains, N Piedmont
	 
	 

	12
	Winter Storm
	  01/11/1996–   

  01/12/1996
	Mountains, Piedmont
	 
	 

	13
	Winter Storm
	  01/26/1996
	Mountains
	 
	 

	14
	Winter Storm
	  02/02/1996–    

  02/03/1996
	Coast
	 
	 

	15
	Heavy Snow
	  02/06/1996–    

  02/07/1996
	Mountains
	 
	 

	16
	Winter Storm
	  02/12/1996
	NW, Mountains
	 
	 

	17
	Heavy Snow
	  02/16/1996
	Mountains, Piedmont
	 
	 

	18
	Heavy Snow
	  03/08/1996
	NW, Mountains
	 
	 

	19
	Heavy Snow
	  03/19/1996–  

  03/20/1996
	Mountains
	 
	 

	20
	Snow
	  04/01/1996
	Mountains
	 
	 

	21
	Snow
	  04/08/1996
	Mountains
	 
	 

	22
	Heavy Snow
	 12/05/1996
	Mountains
	 
	 

	23
	Heavy Snow
	 12/08/1996
	Mountains
	 
	 

	24
	Heavy Snow
	 12/18/1996
	NW, Mountains
	 
	 

	25
	Winter Storm
	 01/08/1997–    

 01/10/1997
	Piedmont 
	Fatalities: 2
	 

	26
	Winter Storm
	 02/10/1997
	Coast
	 
	 

	27
	Heavy Snow
	 02/13/1997
	Mountains, Piedmont
	 
	 

	28
	Snow
	 04/18/1997
	Mountains
	 
	 

	29
	Heavy Snow
	 12/05/1997
	Mountains
	 
	 

	30
	Snow
	 12/08/1997
	Mountains, NW Piedmont
	 
	 

	31
	Heavy Snow
	 12/27/1997
	Mountains
	 
	 

	32
	Heavy Snow
	 12/29/1997–    

 12/30/1997
	Mountains, Piedmont
	Fatalities: 1
	 

	33
	Winter Storm
	 01/18/1998–              

  01/19/1998
	Statewide
	Fatalities: 2 Injuries: 14
	 

	34
	Snow
	  01/24/1998
	Mountains
	 
	 

	35
	Heavy Snow
	  01/27/1998
	Mountains
	 
	$1,050,000

	36
	Winter Storm
	  02/03/1998
	Mountains
	 
	$22,200,000

	37
	Snow/sleet
	  02/16/1998
	Mountains
	 
	 

	38
	Winter Storm
	  02/17/1998
	Coast
	Fatalities: 4
	$25,000 

	39
	Heavy Snow
	  02/23/1998
	Mountains
	 
	 

	40
	Snow
	  03/02/998–   

  03/03/1998
	Mountains
	 
	 

	41
	Snow
	  03/10/1998–   

  03/11/1998
	Mountains
	 
	 

	42
	Snow
	  04/10/1998
	Mountains
	 
	 

	43
	Snow
	  11/06/1998
	Mountains
	 
	 

	44
	Snow/sleet
	  11/08/1998
	Mountains
	 
	 

	45
	Snow
	  12/17/1998
	Mountains
	 
	 

	46
	Snow
	  12/24/1998
	Mountains
	 
	 

	47
	Winter Storm
	  01/02/1999
	Mountains
	 
	 

	48
	Heavy Snow
	  01/31/1999
	Mountains
	 
	 

	49
	Winter Storm
	  02/01/1999
	Mountains
	 
	 

	50
	Heavy Snow
	  02/13/1999
	Mountains
	 
	 

	51
	Heavy Snow
	  02/19/1999
	Mountains
	 
	 

	52
	Snow
	  02/23/1999–     

  02/24/1999
	Mountains
	 
	 

	53
	Snow
	  02/28/1999
	Mountains
	 
	 

	54
	Snow
	  03/01/1999–   

  03/03/1999
	Mountains
	 
	 

	55
	Heavy Snow
	  03/09/1999
	Mountains
	 
	 

	56
	Heavy Snow
	  03/13/1999
	Mountains
	 
	 

	57
	Heavy Snow
	  03/26/1999
	Mountains
	 
	 

	58
	Snow
	  04/29/1999
	Mountains
	 
	 

	59
	Snow
	  11/02/1999
	Mountains
	 
	 

	60
	Heavy Snow
	  12/24/1999
	Mountains
	 
	 

	61
	Snow
	  01/04/2000
	Mountains
	 
	 

	62
	Heavy Snow
	  01/17/2000–     

  01/20/2000
	Mountains, NW Piedmont
	 
	 

	63
	Winter Storm
	  01/22/2000–     

  01/26/2000
	Statewide
	 
	$800,000,000

	64
	Winter Storm
	  01/28/2000
	Piedmont 
	 
	 

	65
	Snow
	  01/31/2000
	Mountains
	 
	 

	66
	Heavy Snow
	  02/04/2000
	Mountains
	 
	 

	67
	Snow
	  03/20/2000
	Mountains
	 
	 

	68
	Snow
	  04/08/2000
	Mountains
	 
	 

	69
	Heavy Snow
	  11/19/2000
	Mountains, N Piedmont
	 
	 

	70
	Winter Storm
	  12/03/2000
	Coast
	 
	$45,000 

	71
	Snow
	 12/17/2000–   

 12/19/2000
	Mountains
	 
	 

	72
	Heavy Snow
	 12/30/2000
	Mountains
	 
	 

	73
	Winter Storm
	  01/01/2001–    

  01/02/2001
	Mountains
	 
	 

	74
	Snow
	  01/08/2001
	Mountains
	 
	 

	75
	Snow
	  01/20/2001
	Mountains
	 
	 

	76
	Snow
	  01/25/2001
	Mountains
	 
	 

	77
	Winter Storm
	  02/12/2001
	Mountains
	 
	 

	78
	Heavy Snow
	  02/22/2001
	Mountains
	 
	 

	79
	Heavy Snow
	  03/04/2001–   

  03/06/2001
	Mountains
	 
	 

	80
	Snow
	  03/15/2001
	Mountains
	 
	 

	81
	Winter Storm
	  03/20/2001
	Mountains
	 
	 

	82
	Snow
	  04/01/2001
	Mountains
	 
	 

	83
	Snow Showers
	  04/17/2001
	Mountains
	 
	 

	84
	Winter Storm
	  01/02/2002–   

  01/03/2002
	Coast, Piedmont
	Injuries: 2
	 

	85
	Winter Storm
	  01/05/2003
	Mountains
	 
	 

	86
	Winter Storm
	  01/06/2006
	Piedmont 
	 
	 

	87
	Winter Storm
	  01/19/2002
	Mountains
	 
	 

	88
	Snow
	  02/03/2002
	Mountains
	 
	 

	89
	Winter Weather
	  02/06/2002
	Mountains
	 
	 

	90
	Snow
	  02/17/2002
	Mountains
	 
	 

	91
	Snow
	  02/26/ 2002
	Mountains
	 
	 

	92
	Snow
	  11/17/2002
	Mountains
	 
	 

	93
	Snow
	  11/22/2002
	Mountains
	 
	 

	94
	Winter Storm
	  12/04/2002
	Statewide
	 
	 

	95
	Winter Weather/ mix
	  12/22/2002
	Mountains
	 
	 

	96
	Winter Weather/ mix
	  12/25/2002
	Mountains
	 
	 

	97
	Winter Weather/ mix
	  01/03/2003–   

  01/06/2003
	Mountains
	 
	 

	98
	Winter Storm
	  01/16/2003
	Mountains
	 
	 

	99
	Winter Weather/ mix
	  01/19/2003
	Mountains
	 
	 

	100
	Heavy Snow/ Winter Storm
	  01/22/2003–   

  01/23/2003
	NW, Mountains, W Piedmont
	 
	$150,000 

	101
	Winter Weather/ mix
	  01/23/2003
	Mountains
	 
	 

	102
	Winter Weather/mix
	  02/01/2003
	Mountains
	 
	 

	103
	Heavy Snow/ Wintry mix
	  02/06/2003
	Foothills, Mountains, Piedmont
	 
	 

	104
	Winter Weather/mix
	  02/09/2003
	Mountains
	 
	 

	105
	Winter Storm/ Wintry mix
	  02/14/2003–  

  02/16/2003
	Foothills, Mountains, Piedmont
	 
	 

	106
	Winter Weather/mix
	  02/18/2003
	Mountains
	 
	 

	107
	Winter Weather/mix
	  02/23/2003
	Mountains
	 
	 

	108
	Winter Storm/ Wintry mix
	  02/26/2003–   

  02/27/2003
	Foothills, Mountains, Piedmont
	 
	 

	109
	Heavy Snow/ Wintry mix
	  03/30/2003
	Foothills, Mountains
	 
	 

	110
	Heavy Snow/ Wintry mix
	  04/10/2003
	Foothills, Mountains
	 
	 

	111
	Winter Weather/ mix
	  11/28/2003
	Mountains
	 
	 

	112
	Winter Storm/ Wintry mix
	  12/03/2003–    

  12/05/2003
	Foothills, Mountains
	 
	 

	113
	Winter Weather/ mix
	  12/10/2003
	Mountains
	 
	 

	114
	Winter Storm/ Wintry mix
	  12/13/2003–  

  12/14/2003
	Mountains, Piedmont
	 
	 

	115
	Winter Weather/ mix
	  01/09/2004
	Statewide
	 
	 

	116
	Heavy Snow/ Winter Storm
	  01/25/2004–  

  01/27/2004
	Statewide
	 
	 

	117
	Winter Weather/ mix
	  02/02/2004
	Foothills, Mountains
	 
	 

	118
	Winter Weather/ mix
	  02/05/2004
	Foothills, Mountains
	 
	$1,000

	119
	Heavy Snow/ Wintry mix
	  02/07/2004
	Mountains
	 
	 

	120
	Heavy Snow/ Wintry mix
	  02/12/2004
	Statewide
	 
	 

	121
	Heavy Snow/ Wintry mix
	  02/15/2004–    

  02/17/2004
	Statewide
	 
	 

	122
	Heavy Snow/ Wintry mix
	  02/26/2004–      

  02/27/2004
	Statewide
	 
	$3,100,000

	123
	Winter Weather/ mix
	  03/18/2004
	Mountains
	 
	 

	124
	Winter Weather/ mix
	  03/30/2004–   

  03/31/2004
	Foothills, Mountains
	 
	 

	125
	Winter Weather/ mix
	  04/13/2004
	Mountains
	 
	 

	126
	Heavy Snow
	  12/11/2004
	Mountains
	 
	 

	127
	Winter Weather/ mix
	  12/14/2004
	Mountains
	 
	 

	128
	Winter Storm/ Wintry mix
	  12/19/2004–    

  12/20/2004
	Statewide
	 
	 

	129
	Winter Weather/ mix
	  12/21/2004
	Madison Co
	 
	 

	130
	Winter Storm/ Wintry mix
	  12/26/2004
	Coastal Plain
	 
	$30,000

	131
	Winter Weather/ mix
	  01/16/2005
	Mountains
	 
	 

	132
	Winter Weather/ mix
	  01/19/2005–   

  01/21/2005
	NE Coastal Plain
	 
	 

	133
	Heavy Snow/ Wintry mix
	  01/21/2005–   

  01/22/2005
	Foothills, Mountains 
	 
	 

	134
	Winter Storm
	  01/29/2005–   

  01/30/2005
	Foothills, Mountains, Piedmont
	 
	 

	135
	Winter Weather/mix
	  02/02/2005
	Foothills, Mountains
	 
	 

	136
	Heavy Snow/ Wintry mix
	  02/10/2005
	Mountains
	 
	 

	137
	Heavy Snow/ Wintry mix
	  02/27/2005–     

  02/28/2005
	Mountains
	 
	 

	138
	Heavy Snow/ Winter Weather/ mix
	  03/01/2005
	Mountains
	 
	 

	139
	Winter Weather/ mix
	  03/08/2005
	Mountains
	 
	 

	140
	Winter Weather/ mix
	  03/17/2005
	Foothills, Mountains
	 
	 

	141
	Heavy Snow/ Wintry mix
	  04/02/2005
	Mountains
	 
	 

	142
	Winter Weather /mix
	  04/23/2005
	Mountains
	 
	 

	143
	Winter Weather/ mix
	  10/25/2005
	Mountains
	 
	 

	144
	Winter Weather/ mix
	  11/21/2005–    

  11/22/2005
	Foothills, Mountains
	 
	 

	145
	Winter Weather
	  12/03/2005
	Mountains
	 
	 

	146
	Winter Weather
	  12/08/2005
	Foothills, Mountains
	 
	 

	147
	Winter Weather
	  12/11/2005
	Mountains
	 
	 

	148
	Winter Storm/ Wintry mix
	  12/15/2005
	Foothills, Mountains, Piedmont
	Fatalities: 1 Injuries: 3
	 

	149
	Winter Weather
	  12/26/2005
	Mountains
	 
	 

	150
	Winter Weather/ Heavy Snow
	  01/14/2006
	Mountains
	 
	 

	151
	Winter Weather
	  01/30/2006
	Mountains
	 
	 

	152
	Winter Weather
	  02/04/2006–   

  02/05/2006
	Mountains
	 
	 

	153
	Winter Weather
	  02/08/2006
	Mountains
	 
	 

	154
	Winter Weather/ Heavy Snow
	  02/11/2006
	Foothills, Mountains
	 
	 

	155
	Winter Weather
	  02/18/2006
	Mountains
	 
	 

	156
	Winter Weather
	  02/20/2006
	Eastern Dare and Hyde
	 
	 

	157
	Winter Weather
	  03/03/2006
	Mountains
	 
	 

	158
	Winter Weather
	  03/20/2006
	Foothills, Mountains
	 
	 

	159
	Winter Weather
	  03/22/2006
	Mountains
	 
	 

	160
	Heavy Snow
	  03/25/2006
	Mountains
	 
	 

	161
	Heavy Snow/winter mix
	12/14/2006-12/24/2006
	Mounains
	
	$10,000,000

	162
	Heavy Snow
	12/26/2006
	Graham, Madison
	 
	 

	163
	Heavy Snow
	1/9/2007
	Avery, Graham, Haywood, Jackson, Madison, Mitchell, Swain, Yancey
	 
	 

	164
	Heavy Snow
	2/1/2007
	Graham, Henderson, Jackson, Macon, Polk, Swain, Transylvania
	 
	 

	165
	Heavy Snow
	2/17/2007
	Ashe, Avery, Graham, Haywood, Madison, Mitchell, Swain,  Watauga, Yancey
	 
	 

	166
	Heavy Snow
	4/6/2007
	Avery, Haywood, Madison, Mitchell, Yancey
	 
	 

	167
	Heavy Snow
	4/15/2007
	Avery, Madison, Mitchell, Yancey
	 
	 

	168
	Heavy Snow
	1/1/2008
	Ashe, Avery, Haywood, Madison, Mitchell, Watauga, Yancey
	 
	 

	169
	Heavy Snow
	1/16/2008
	Alexander, Avery, Buncombe, Burke, Caldwell, Catawba, Haywood, Henderson, Jackson, Macon, McDowell, 
Mitchell, Polk, Rutherford, Transylvania, Yancey
	 
	 

	170
	Heavy Snow
	2/26/2008
	Avery, Graham, Haywood, Madison, Mitchell, Swain, Yancey
	 
	 

	171
	Heavy Snow
	2/27/2008
	Ashe, Watauga
	 
	 

	172
	Heavy Snow
	11/21/2008
	Avery, Mitchell, Yancey
	 
	 

	173
	Heavy Snow
	12/1/2008
	Avery, Graham, Haywood, Madison, Mitchell, Swain, Yancey
	 
	 

	174
	Heavy Snow
	1/8/2009
	Avery, Madison, Mitchell, Yancey
	 
	 

	175
	Heavy Snow
	1/18/2009
	Avery, Graham, Haywood, Jackson, Madison, Mitchell, Swain, Yancey
	 
	 

	176
	Heavy Snow
	1/20/2009
	Beaufort, Bladen, Cabarrus, Craven, Dare, Duplin, Greene, Hyde, Jones, Lenoir, Martin, Onslow, Pamlico, Pender, Pitt, Robeson, 
Tyrrell, Union, Washington
	 
	 

	177
	Heavy Snow
	2/3/2009
	Ashe, Watauga
	 
	 

	178
	Heavy Snow
	3/1/2009
	Alexander, Alleghany, Ashe, Burke, Cabarrus, Caswell, Catawba, Cleveland, Davie, Gaston, Iredell, Lincoln, Madison, Mecklenburg, Polk, Rockingham, Rowan, Rutherford, Stokes, Surry, Union, Watauga, Wilkes, Yadkin
	 
	 

	179
	Heavy Snow
	4/7/2009
	Avery, Graham, Haywood, Madison, Mitchell, Swain, Yancey
	 
	 

	180
	Heavy Snow
	12/18/2009
	Alleghany, Ashe, Caswell, Rockingham, Stokes, Surry, Watauga, Wilkes, Yadkin
	 
	 

	181
	Heavy Snow
	1/2/2010
	Avery
	 
	 

	182
	Heavy Snow
	1/4/2010
	Avery
	 
	 

	183
	Heavy Snow
	1/7/2010
	Avery, Madison, Mitchell, Yancey
	 
	 

	184
	Heavy Snow
	1/29/2010
	Alexander, Alleghany, Ashe, Avery, Buncombe, Burke, 
Caldwell, Caswell, Catawba, Cherokee, Clay, Cleveland, Davie, Gaston, Graham, Haywood, Henderson, Iredell, Jackson, Lincoln, Macon, Madison, McDowell, Mitchell, Polk, Rockingham, Rowan, Rutherford, Stokes, Surry, Swain, Transylvania, Watauga, Wilkes, Yadkin, Yancey
	 
	 

	185
	Heavy Snow
	1/30/2010
	Greene, Martin, Pitt, Tyrrell, Washington
	 
	 

	186
	Heavy Snow
	2/12/2010
	Beaufort, Bladen, Brunswick, Carteret, Columbus, Craven, Duplin, Greene, Henderson, Hyde, Jackson, Jones, Lenoir, Macon, Martin, New Hanover, Onslow, Pamlico, Pender, Pitt, Polk, Robeson, Rutherford, Transylvania, Tyrrell, Washington
	 
	 

	187
	Heavy Snow
	2/15/2010
	Avery, Madison, Mitchell, Yancey
	 
	 

	188
	Heavy Snow
	2/24/2010
	Avery, Graham, Haywood, Madison, Mitchell, Swain, Yancey
	 
	 

	189
	Heavy Snow
	3/2/2010
	Avery, Buncombe, Burke, Caldwell, Graham, Haywood, Henderson, Jackson, Macon, Madison, McDowell, Mitchell, Polk, Rockingham, Rutherford, Surry, Swain, Transylvania, Wilkes, Yancey
	 
	Property: $1,800

	190
	Heavy Snow
	3/3/2010
	Duplin, Greene, Lenoir
	 
	 

	191
	Heavy Snow
	11/5/2010
	Madison, Swain
	 
	 

	192
	Heavy Snow
	12/4/2010
	Ashe, Watauga
	 
	 

	193
	Heavy Snow
	12/12/2010
	Avery, Buncombe, Graham, Haywood, Jackson, Madison, Mitchell, Swain, Transylvania, Yancey
	 
	 

	194
	Heavy Snow
	12/25/2010
	Alexander, Ashe, Avery, Buncombe, Burke, Cabarrus, Caldwell, Caswell, Catawba, Cherokee, Clay, Cleveland, Davie, Gaston, Graham, Haywood, Henderson, Iredell, Jackson, Lincoln, Macon, Madison, McDowell, Mecklenburg, Mitchell, Polk, Rockingham, Rowan, Rutherford, Stokes, Surry, Swain, Transylvania, Union, Watauga, Wilkes, Yadkin, Yancey
	 
	 

	195
	Heavy Snow
	12/26/2010
	Beaufort, Bladen, Columbus, Craven, Dare, Duplin, Greene, Hyde, Jones, Lenoir, Martin, Onslow, Pamlico, Pender, Pitt, Robeson, Tyrrell, Washington
	Fatality: 1    Injuries: 1
	Property: $5,000

	196
	Heavy Snow
	1/6/2011
	Ashe, Watauga
	 
	 

	197
	Heavy Snow
	1/7/2011
	Avery, Graham, Haywood, Madison, Mitchell, Swain, Yancey
	 
	 

	198
	Heavy Snow
	1/10/2011
	Bladen, Buncombe, Burke, Cabarrus, Carteret, Catawba, Cherokee, Cleveland, Columbus, Craven, Duplin, Gaston, Graham, Haywood, Henderson, Jackson, Jones, Lenoir, Lincoln, Macon, Madison, McDowell, Mecklenburg, Mitchell, New Hanover, Onslow, Pender, Polk, Robeson, Rutherford, Swain, Transylvania, Union, Yancey
	 
	 

	199
	Heavy Snow
	1/11/2011
	Ashe, Watauga
	 
	 

	200
	Heavy Snow
	1/22/2011
	Carteret, Craven, Dare, Hyde, Pamlico
	 
	 

	201
	Heavy Snow
	1/26/2011
	Avery, Mitchell
	 
	 

	202
	Heavy Snow
	2/10/2011
	Dare, Hyde, Tyrrell, Washington
	 
	 


Significant North Carolina Snowstorm Events
Event # 109:  March 30, 2003

Heavy snow began to fall across the foothills, Piedmont, and northern mountains of North Carolina during the late morning. Although snowfall intensity decreased dramatically during the early-to-middle portion of the afternoon, heavy snow redeveloped during the late afternoon and continued into the evening and overnight hours. Scattered thunderstorms contributed to intense snowfall rates of 2 to 3 inches per hour at times, especially in the Piedmont, where total snowfall of 12 to 22 inches occurred. The heaviest amounts occurred in the southwest Piedmont, particularly in southern portions of the Charlotte metro area. Thousands of motorists were stranded on Interstate 77 during the early afternoon and some required rescue. The weight of the snowfall caused damage to numerous roofs, while other roofs completely collapsed. Across the foothills and northern mountains, accumulations were considerably lighter, generally ranging between 4 inches and 8 inches, although 10 to 16 inches of snow fell along the Blue Ridge, north of Interstate 40.  

Event # 116:  Jan. 25, 2004–Jan. 27, 2004

A mixture of sleet, freezing rain, and snow fell over most of Robeson and Bladen counties, and parts of Columbus County. The northern portion of Robeson County received nearly 2 inches of sleet and snow, with mainly sleet and freezing rain occurring in Bladen and Columbus counties. The accumulation of ice (up to one-half inch) caused numerous reports of power outages due to the fallen trees and power lines. 

Event # 136:  Feb. 10, 2005

A mix of freezing rain and sleet fell across the area, from 4 a.m. until approximately 10 a.m. on Dec. 15. Precipitation changed over to rain by noon. Clearing skies with temperatures dropping to around 30 degrees F the next morning resulted in areas of black ice. A 12-year old girl was killed in an automobile accident near Stovall in Granville when the car her grandfather was driving flipped as combined result of excessive speed and ice.  

Event # 195:  Dec. 26, 2010
Strong low pressure moved northeast just offshore of the North Carolina coast on Dec 26th 2010. As the low approached the region areas of rain developed during the evening of Dec 25th. As cold air spread in during the early morning hours of Dec 26th the rain gradually turned to snow over the inland areas with the snow lasting into the afternoon. Closer to the coast the rain did not change to snow until later in the morning. This storm produced snow amounts ranging from 7 to 10 inches over the northern Coastal Plain to less than 1 inch over the southern Outer Banks. One fatality occurred in Onslow County in an automobile accident due to slippery roads during the morning. One motorist was injured in Robeson County when their car skidded off the road on Hwy 211.
Severe Winter Weather–Snowstorms Hazard Scores

Figure 2-29 represents the relative location of Severe Winter Weather–Snowstorms 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 other individual hazard maps.)
Figure 2-29. Severe Winter Weather–Snowstorm Hazard Scores by County
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Severe Winter Weather–Blizzard 

Definition

A blizzard is a snowstorm characterized by low temperatures (usually below 20 degrees F) and accompanied by winds 35 mph or greater. In addition, to qualify as a blizzard, there must also be sufficient falling and/or blowing snow in the air that frequently reduces visibility to one-quarter mile or less for a duration of at least three hours.

Description

A severe blizzard is considered to have temperatures near or below 10 degrees F, winds exceeding 45 mph, and visibility reduced by snow to near zero. Blizzard conditions often develop on the northwest side of an intense storm system. The difference between the lower pressure in the storm and the higher pressure to the west creates a tight pressure gradient, which in turn results in very strong winds. These winds combine with snow and blowing snow to produce extreme conditions. Storm systems powerful enough to cause blizzards usually form when the jet stream dips far to the south, allowing cold air from the north to clash with warm air from the south. With the colder and drier polar air comes an atmospheric temperature cold enough for the development of snow, sleet, or freezing rain.

Historical Occurrences

Overall, few winter storms in North Carolina result in blizzard conditions. The winter storms that impact North Carolina generally form in the Gulf of Mexico, or off the southeast Atlantic Coast. Blizzards that hit North Carolina often come from nor’easters. The classic blizzards that hit North Carolina include the Blizzard of 1888, the Super Storm of 1993, and the Blizzard of 1996.
. No blizzards have occurred in North Carolina since Feb. 2010. Table 2-20 highlights information for blizzard events. Selected event details follow the table.

Table 2-20. Detailed Severe Winter Weather-Blizzard Events in North Carolina

	NORTH CAROLINA BLIZZARD EVENTS

	#
	Event
	Duration
	Location
	Severity
	Extent of Damages

	1
	Super Storm
	  03/13/19-93
	Foothills and Mountains
	 Fatalities: 7  

 Injuries: 1
	

	2
	Blizzard
	  01/05/1996–  

  01/06/1996
	Alamance, Alexander, Alleghany, Ashe, Avery, Bertie, Buncombe, Burke, Cabarrus, Caldwell, Caswell, Catawba, Chatham, Chowan, Davidson, Davie, Durham, Forsyth, Franklin, Gaston, Gates, Graham, Granville, Guilford, Halifax, Haywood, Henderson, Hertford, Iredell, Lincoln, Madison, McDowell, Mecklenburg, Mitchell, Northampton, Orange, Perquimans, Person, Polk, Randolph, Rockingham, Rowan, Stokes, Surry, Swain, Union, Vance, Wake, Warren, Watauga, Wilkes, Yadkin, Yancey
	 Fatalities: 2 

 Injuries: 1
	 Property Damage:  

 $180,000

	3
	Blizzard 
	  01/24//2000– 

  01/25/2000
	Alamance, Anson, Chatham, Cumberland, Davidson, Durham, Edgecombe, Forsyth, Franklin, Granville, Guilford, Halifax, Harnett, Hoke, Johnston, Lee, Montgomery, Moore, Nash, Orange, Person, Randolph, Richmond, Sampson, Scotland, Stanly, Vance, Wake, Warren, Wayne, Wilson 
	
	

	4
	Blizzard
	2/10/2010
	Avery, Madison, Mitchell, Watauga, Yancey
	
	

	5
	Blizzard
	2/26/2010
	Ashe, Watauga
	
	


Significant North Carolina Blizzard Events
Event # 1:  March 13, 1993  

What many have dubbed “The Storm of the Century” began forming over the southern plains and western Gulf of Mexico around March 10, 1993. The low-pressure system intensified as it moved to the northeast on March 12 and passed rapidly across North Carolina on March 13. This brought a variety of extreme weather conditions to the state, punctuated by record-breaking cold air on the morning of March 15. 

Several weather records were broken because of this storm, including the lowest sea level pressure recorded: 28.61 inches at Raleigh-Durham; 28.68 at Charlotte; 28.89 at Asheville; peak wind gusts of 90 mph at Bald Head Island; and the greatest snowfall in recorded in 24 hours (16 inches, at Asheville). 

Blizzard conditions prevailed in the western half of the state. Snowfall totals ranged from 2 to 13 inches in the western Piedmont, 15 to 19 inches in the Foothills and 18 to 24 inches in the valleys, to as much as 50 inches atop Mount Mitchell in the mountains. Mountain winds reached 101 mph at Flattop Mountain, east of Asheville. Snow drifts of 8 to 21 feet were reported. At the Asheville Airport, winds peaked from the northwest at 48 mph, with gusts of up to 64 mph at 12 noon on March 13. The eastern part of the state experienced extremely strong winds that blew off roofs, deposited sand on roadways, and felled many trees. 

In Carteret County, a nine-year old child died when a tree fell on his family's mobile home near Newport. In Duplin County, an 84-year old Chinquapin resident was killed by a falling tree. Two other mobile home residents were injured by falling trees, one in Manteo of Dare County and the other in Trinity of Randolph County. Other wind-related injuries were also reported, including three in Carteret County, two in Craven County, and one each in Beaufort, Brunswick, and Pender Counties. 

Southwest winds caused considerable and widespread sound-side flooding along the Outer Banks and on Roanoke Island. The storm produced more than 7 feet of flooding at Salvo, closing the main route on Hatteras Island (Highway 12). In addition 2 to 3 feet of flooding occurred in Manteo and Wanchese. Ocean overwash occurred in five locations on Ocracoke Island. Earlier in the storm, sound-side flooding on the mainland side of Pamlico Sound was estimated to be 5 feet deep. 

The major impact to the western part of the state came from heavy snow accumulation resulting in extensive road blockages, stranded motorists, and (in the mountains) lost hikers and campers. 

Strong winds and heavy snow brought down trees, limbs and power lines, leaving many residents without heat or electricity or telephone service. Statewide, an estimated 300,000 homes were left without power and more than 160,000 people were reported to have been left snowbound by the storm. More than 2,700 traffic accidents were reported during the storm by State Highway Patrol, some of which resulted in fatalities. 

The backlash of the storm brought extremely cold air into North Carolina late on March 13, which lasted through daybreak on March 15. Wind chill values colder than minus-20 degrees F were felt in western North Carolina on March 13 and 14. Early on March 15, temperatures bottomed out at record-setting levels for March with 2 degrees F reported at Asheville, 8 degrees F at Greensboro, and minus-4 degrees F at Waynesville. The loss of home heating, coupled with the extreme cold, resulted in seven deaths and one injury from exposure. All of the victims were elderly; 70-years or older. Three of the dead were from Buncombe County, two from Madison County, and two from Clay County. A 93-year old woman in Swain County survived injury from exposure. Elements of the storm contributed to the deaths of seven who had medical problems. These included snow-shoveling heart-attack victims. Freezing temperatures caused water pipes to burst and resulted in the death of livestock. The heavy wet snow caved in the roofs of several chicken houses, killing the birds. 

The Governor declared 25 western counties and 15 eastern counties disaster areas. The Red Cross reported that 55 homes were destroyed and more than 3,300 others were damaged by the storm. The counties suffering the greatest amount of property damage to homes and businesses were: Brunswick, $6.6 million; Dare, $4.7 million; Buncombe, $1.5 million; and between $500,000 and $1 million dollars in descending order: Transylvania, Columbus, New Hanover, Onslow, McDowell, Pender, Henderson, and Alexander counties. Other counties, which experienced less than $500,000 property damage, were also named in the state declaration. In the east, these included: Beaufort, Bladen, Carteret, Craven, Currituck, Duplin, Greene, Hyde, Sampson, and Wayne counties. In the west, those counties included: Alleghany, Ashe, Burke, Caldwell, Catawba, Cherokee, Graham, Guilford, Haywood, Iredell, Jackson, Macon, Madison, Mitchell, Polk, Stokes, Surry, Swain, Watauga, Wilkes, and Yadkin counties. It was also estimated that nearly $17 million in public assistance funds would be needed to cover emergency services and cleanup after the storm.

Event # 3:  Jan. 24, 2000–Jan. 25, 2000

The Blizzard of 2000 was one of the most powerful winter storms to hit the state in 72 years. Of all the states the blizzard impacted, North Carolina was hit hardest.  

The FEMA Major Winter Storm Update (issued on Jan. 27, 2000) stated the following:

· “More than 25 inches of snow and icy conditions were reported across western and central portions of the state, prompting the governor to declare a state of emergency. 

· One state meteorologist considered the storm to be a one hundred-year event. 

· Heavy snow downed trees and power lines. 

· At the height of the storm, more than 399,000 North Carolina customers were without power. As of yesterday, there were still 163,000 customers without power; most of these are located in the Sandhills region in towns such as Southern Pines, Aberdeen, Rockingham and Troy. 

· Power crews continue working to restore the power. 

· The American Red Cross (ARC) opened 13 shelters to house residents without power and stranded motorists. Five of the shelters have closed and the ARC is currently operating eight shelters, housing approximately 160 people. Two non-ARC shelters are open, housing about 200 people. 

· Schools are closed across affected areas. Numerous travelers have been stranded on highways and about 350 National Guard personnel have been assisting in rescue operations, as well as providing power generation at critical facilities. 

· The Raleigh-Durham International Airport was closed yesterday and crews were trying to clear runways in anticipation of opening the airport this morning. 

· The State Emergency Operations Center (EOC) was activated on Monday and continues to operate 24 hours/day. State officials are reporting all state counties have been affected. 

· FEMA’s regional office (Region IV) and its Thomasville Emergency Operations Cell remain in contact with the state and prepared to deploy personnel if requested.”

Severe Winter Weather–Blizzard Hazard Scores

Figure 2-30 represents the relative location of Severe Winter Weather–Blizzard 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 other individual hazard maps.)

Figure 2-30. Severe Winter Weather–Blizzard Hazard Scores by County
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Severe Winter Weather–Wind Chill

Definition

The wind chill factor describes what happens to the human body when outside conditions are cold and windy. As wind increases, heat is carried away from the body at a faster rate, driving down both skin temperature (which can cause frostbite) and eventually the internal body temperature (which can kill, through hypothermia). Wind chill temperature, on the other hand, is a unit of measurement used for describing the wind chill factor. Wind chill temperature is a measure of the combined cooling effect of wind and temperature
.

Description

The following wind chill chart (Figure 2-31) shows the amount of time necessary for humans to develop frostbite, given different wind chill temperatures
.

Figure 2-31. Wind Chill Chart
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Historical Occurrences

Table 2-21 lists known wind chill events recorded by the NCDC.  

Table 2-21. Detailed Severe Winter Weather–Wind Chill History

	NORTH CAROLINA WIND CHILL EVENTS

	#
	Event
	Duration
	Location (County)
	Severity
	Extent of Damages

	1
	Extreme Cold–Wind Chill
	01/23/2003
	Avery, Buncombe, Madison, Mitchell, Yancey 
	
	

	2
	Cold/Wind Chill
	1/20/2008
	Mecklenburg
	Fatalities: 1

 Injuries: 0
	


Significant North Carolina Wind Chill Events
Event # 2:  January 20, 2008
Cold weather was blamed for the death of a homeless man in northwest Charlotte. The low temperature on the 20th was 23 degrees, while the high the previous day was only 36.
Severe Winter Weather–Wind Chill Hazard Scores

Figure 2-32 represents the relative location of Severe Winter Weather–Wind Chill 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 other individual hazard maps.)
Figure 2-32. Severe Winter Weather–Wind Chill Hazard Scores by County
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Extreme Cold

Definition

A cold wave is an unusual fall in temperature, to or below the freezing point, and exceeding 16 degrees in a 24-hour period or 20 degrees within a 36-hour period. What constitutes extreme cold and its effect varies across different areas of the United States. In areas unaccustomed to winter weather, near-freezing temperatures are considered “extreme cold”
. 
Description

The most important influence contributing to the variability of North Carolina climate is altitude. In all seasons of the year, the average temperature varies more than 20 degrees F from the lower portions of the coast to the highest elevations. The average annual temperature at Southport on the lower coast is nearly as high as that of interior northern Florida, while the average annual temperature experienced on the summit of Mt. Mitchell is lower than that of Buffalo, N.Y.

In winter, mountain ranges partially protect the majority of North Carolina from the frequent outbreaks of cold air which move southeastwardly across the central states. Such outbreaks often move southward all the way to the Gulf of Mexico without attaining sufficient strength and depth to traverse the heights of the Appalachian mountain range. When cold waves are able to break across, they are usually modified by the crossing and the descent on the eastern slopes. Extreme cold also often accompanies a winter storm or is left in its wake.
 

During an average winter in North Carolina, the temperature drops to 10 to 12 degrees F about once in the central part of the state. Temperatures range some 10 degrees warmer at the coast and 10 degrees colder in the upper mountains. Temperatures as low as 0 degrees F occur rarely outside the mountains, but have been recorded throughout the western part of the state. The lowest temperature on record is minus-34 degrees F, which was recorded on Jan. 21, 1985, at Mount Mitchell. Winter temperatures in the eastern sections of the state are modified by the Atlantic Ocean, which raises the average winter temperature and decreases the average day-to-night range. 

In spring, the storm systems that bring cold weather southward reach North Carolina less often and less forcefully, and temperatures begin to modify. The rise in average temperatures is greater in May than in any other month. Occasional invasions of cool dry air from the north continue during the summer, but their effect on temperatures is slight and of short duration
. 

Historical Occurrences

Between March, 1993 and December, 2011, North Carolina reported 25 cold temperature extremes. Table 2-22 lists these events arranged in chronological order, with event details following the table
. No extreme cold events have been recorded by NCDC after 2007.
Table 2-22. Detailed Severe Winter Weather–Wind Chill History

	NORTH CAROLINA EXTREME COLD EVENTS

	#
	Event
	Duration
	Location (County)
	Severity
	Extent of Damages

	1
	Extreme Cold “Super storm”
	03/13/1993
	Foothills and Mountains
	Fatalities: 7 Injuries: 1
	

	2
	Extreme Cold
	01/15/1994
	Statewide
	Fatalities: 3 
	Property Damage: $500,000

	3
	Extreme Cold
	01/19/1994
	Statewide
	Fatalities: 6
	

	4
	Extreme Cold
	02/03/1996
	Northwest and North Central
	
	Property Damage: $275,000

	5
	Extreme Cold
	02/04/1996
	Mecklenburg, Rowan
	Fatalities: 2
	

	6
	Extreme Cold
	02/05/1996
	Bertie, Camden, Chowan,  Currituck, Gates, Hertford, Northampton, Pasquotank, Perquimans 
	
	

	7
	Extreme Cold
	01/12/1996
	Avery
	Fatalities: 1
	

	8
	Extreme Cold
	03/08/1996
	Alleghany, Ashe, Caswell,  Henderson, Rockingham, Stokes, Surry, Transylvania, Watauga, Wilkes, Yadkin 
	Fatalities: 2
	Crop Damage: $204,000

	9
	Extreme Cold
	03/20/1996
	Avery, Madison, Mitchell, Yancey 
	
	

	10
	Extreme Cold
	01/11/1997
	Rowan 
	Fatalities: 1
	

	11
	Cold
	04/01/1997
	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 
	
	

	12
	Extreme Cold
	04/09/1997
	Wilkes
	
	Crop Damage: $100,000

	14
	Extreme Cold
	03/11/1998
	Beaufort, Carteret, Craven, Dare, Duplin, Greene, Hyde, Jones, Lenoir, Martin, Onslow, Pamlico, Pitt, Tyrrell, Washington
	
	Crop Damage: $350,000

	15
	Extreme Cold
	12/01/2000
	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 
	
	

	16
	Cold
	12/19/2000
	Rowan
	Fatalities: 1
	

	17
	Extreme Cold
	04/17/2001
	Pender
	
	

	18
	Extreme Cold
	01/04/2002
	Rowan
	Fatalities: 1
	

	19
	Extreme Cold– Wind Chill
	01/23/2003
	Avery, Buncombe, Madison, Mitchell, Yancey 
	
	

	20
	Extreme Cold–Wind Chill
	12/20/2004
	Avery, Mitchell, Yancey
	 
	 

	21
	Frost/Freeze
	10/12/2006
	Alleghany, Ashe, Watauga
	
	

	22
	Frost/Freeze
	4/6/2007
	Caswell, Rockingham, Stokes, Surry, Yadkin
	
	

	23
	Frost/Freeze
	4/7/2007
	Alleghany, Caswell, Stokes, Surry, Wilkes, Yadkin
	
	

	24
	Frost/Freeze
	4/8/2007
	Alexander, Avery, Bladen, Buncombe, Burke, Cabarrus, Caldwell, Caswell, Cleveland, Catawba, Davie, Gaston, Graham, Haywood, Henderson, Iredell, Jackson, Lincoln, Macon, Madison, McDowell, Mecklenburg, Mitchell, Pender, Polk, Robeson, Rowan, Rutherford, Swain, Transylvania, Union, Yancey
	
	Crop Damage: $55,500,000

	25
	Frost/Freeze
	4/9/2007
	Caswell, Rockingham, Stokes, Surry, Wilkes, Yadkin
	
	Crop Damage: $2,492,000


Significant North Carolina Extreme Cold Events
Event # 4:  Feb. 3, 1996
Extremely cold air spread into northwest and north-central North Carolina on Feb. 3 and continued until Feb. 6. Low temperatures during the early morning hours on Feb. 5 ranged from minus-8 degrees F to minus-12 degrees F in the mountain areas, and from 0 degrees F to minus-6 degrees F in areas east of the mountains. Several homes that did not have power restored after the ice storm were damaged when their water pipes froze and ruptured. 

Event # 6:  Feb. 5, 1996
An arctic air mass settled over the Mid-Atlantic States, resulting in record-breaking cold temperatures across northeast North Carolina. The temperature dropped to minus-5 degrees F at Gatesville, minus-2 degrees F at Murfreesboro, and 2 degrees F at Elizabeth City Airport.

Event # 8:  March 8, 1996
Record-breaking low temperatures from March 8 through March 12 severely damaged the peach, nectarine, apple, and berry crops. Low temperatures were recorded mainly in single digits above 0 degrees F in the mountains and mainly from 5 to 15 degrees F in areas east of the mountains. Record cold was at least partially responsible for the deaths of two mountain residents. A homeless man died in Hendersonville and an elderly man in Transylvania County wandered away from his home and subsequently died from hypothermia.

Event # 15:  Dec. 1, 2000
December 2000 will long be remembered for the brutal hold that cold weather had on the region. Temperatures ran 6 to 8 degrees below normal for the entire month. Charlotte experienced its coldest month in 83 years.

Event # 24:  April 8, 2007
An early spring hard freeze saw temperatures fall to the upper teens and lower 20s across much of the western Carolinas and northeast Georgia on the morning of the 8th. This resulted in massive agricultural losses for the affected counties, totaling approximately $55,500,000 dollars in crop damage. It was estimated that 90 percent of the apple and peach crop across the area was destroyed. As much as 50 percent of the berry crop was lost, while more than 50 percent of the grape crop across western North Carolina was damaged.
Event # 25:  April 9, 2007

Cold arctic high pressure over the region allowed for sub-freezing temperatures after a period of relatively mild weather in late March and very early April 2007. The mild weather helped to jump start the growing season across the area, and freezing temperatures, as low as the lower to middle 20s F, lead to significant crop damage for the affected counties, totaling approximately $2,492,000. All reports of monetary losses in this report are preliminary estimates. The peach and nectarine crop were a total loss, with apples seeing a 50% loss. Crop damage and dollar amounts listed represent the losses for 3 consecutive nights of freezing weather.
Extreme Cold Hazard Scores

Figure 2-33 represents the relative location of Extreme Cold 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 other individual hazard maps.)
Figure 2-33. Extreme Cold Hazard Scores by County
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Wildfire Hazard
Wildfire

Definition 

A wildfire is an uncontrolled burning of grasslands, brush or woodlands. The potential for wildfire depends upon surface fuel characteristics, recent climate conditions, current meteorological conditions, and fire behavior. Hot, dry summers and dry vegetation increase susceptibility to fire in the fall—a particularly dangerous time of year for wildfire.

Description 

Southern forest landscapes have had a long history of wildfire. Wildfires have taken place as a natural process for many thousands of years, playing an important role in the ecological integrity of our natural environment. Human settlement has significantly influenced changes in the spatial and temporal pattern of wildfire occurrence, as well as the risks associated with them for human life and property. The fire regimes of the Southeast can be categorized into five time periods, as described in Table 2-23
.

Table 2-23. Southeast Fire Regime Time Periods

	SOUTHEAST FIRE REGIME TIME PERIODS

	Time Period
	Fire Description

	14,000 to 500 years ago
	American Indians used fire for swidden agriculture, better hunting visibility, reduction of wildfire fuel, and maintenance of trails.

	500 to 100 years ago
	European settlers used fire to maintain large amounts of permanent agricultural fields at a much greater scale than previously done.

	Late 1800s to early 1900s
	Forests were extensively logged, creating conditions that exacerbate the common occurrence of wildfires.

	1900 to 1950s
	Response to wildfires was widespread fire suppression. 

	1950 to Present 
	Active management; the natural role of fire is incorporated through prescribed burning. 


Natural wildfires still take place on a regular basis in the Southeast. They can be caused by human carelessness, arson, or from lightning strikes that occur on the ridge tops of the Appalachian Mountains. Other natural disturbances (such as tornadoes and hurricanes) can influence the structure and fuel distribution of forests, leading to a change in wildfire intensity and risk. The occurrence and frequency of wildfires also depends greatly upon the type of forests, of which there are several in North Carolina, ranging from longleaf pine forest along the coast to oak-hickory forests in the mountains
.

The current scale of wildfire risk conditions is measured with the Keetch-Byram Drought Index (KBDI). The KBDI estimates the potential risk for wildfire conditions based on daily temperatures, daily precipitation, and annual precipitation levels on an index of 0 (no drought) to 800 (extreme drought).
 The daily KBDI for the state of North Carolina can be found on the North Carolina Forest Service Division of Forest Resource Web site
.

Historical Occurrences

Wildfires could potentially occur anywhere in the state. Fayetteville experienced a devastating fire on May 29, 1831. The fire was considered to be more destructive than the Great Fire of Chicago in 1871. Fayetteville lost 600 homes, 125 businesses, several churches, and the North Carolina State House
. In recent years, North Carolina has experienced two significant wildfires. On June 3, 1998, lightning sparked a forest fire just east of Shaw Highway (north of Highway 210 in Pender County) that burned 695 acres on the western edge of Holly Shelter Game Land. The event lasted 45 hours. A wildfire was started in the Linville Gorge area on October 28, 2000, and eventually burned hundreds of acres in McDowell County. Extremely dry conditions had persisted across the area; rain had not been measured for 50 days. The event lasted 60 hours. 

Table 2-24 describes wildfire events that occurred in North Carolina between 1950 and 2011, as listed on the National Climatic Data Center Web site. Detailed information for selected events follows the table
.

Table 2-24. Detailed Wildfire History

	NORTH CAROLINA WILDFIRE EVENTS

	#
	Event
	Duration
	Location (County)
	Severity
	Extent of Damages

	1
	Wild/Forest Fire
	  06/03/1998– 

  06/05/1998
	Pender (12 miles NE of Rocky Point)
	Fatalities: 0

Injuries: 0
	Property: $0 

Crops: $0

	2
	Wild/Forest Fire
	  10/28/2000– 

  10/31/2000
	McDowell (4 miles N of Ashford)
	Fatalities: 0

Injuries: 0
	Property: $0 

Crops: $0

	3
	Wild/Forest Fire
	  11/01/2000– 

  11/02/2000
	McDowell (4 miles N of Ashford)
	Fatalities: 0

Injuries: 0
	Property: $0 

Crops: $0

	4
	Wild/Forest Fire
	  11/01/2000– 

  11/02/2000
	Yancey (8 Miles SW of Burnsville, Celo)
	Fatalities: 0

Injuries: 0
	Property: $0 

Crops: $0

	5
	Wild/Forest Fire
	  11/01/2000– 

  11/02/2000
	Mitchell (5 miles SE of Spruce Pine)
	Fatalities: 0

Injuries: 0
	Property: $0 

Crops: $0

	6
	Wild/Forest Fire
	  11/01/2000– 

  11/02/2000
	Haywood (Waterville)
	Fatalities: 0

Injuries: 0
	Property: $0 

Crops: $0

	7
	Evans Road Fire
	6/13/08 -1/5/09
	Hyde, Washington, Tyrell Counties
	Fatalities 0

Injuries 4
	Property: $0

Crops: $0

	8
	Wild/Forest Fire
	  03/11– 12/2007
	Swain County --Grassy Ridge community
	Fatalities: 0

Injuries: 0
	Property: $1,000,000

Crops: $0

	9
	Wild/Forest Fire
	 9/25– 28/2007
	Brunswick County -Hale Swamp Road
	Fatalities: 0

Injuries: 0
	Property: $0 

Crops: $0

	10
	Wild/Forest Fire
	  11/01/2007-12/30/2007
	Robeson County --Jackson Swamp area
	Fatalities: 0

Injuries: 0
	Property: $0 

Crops: $0

	11
	Wild/Forest Fire
	  3/26-27/2008
	New Hanover east of I-40 between Sidbury and Holly Shelter Road
	Fatalities: 0

Injuries: 0
	Property: $0 

Crops: $0

	12
	Wild/Forest Fire
	  3/28-28/2008
	Brunswick County --Highway 133 and Funston Road
	Fatalities: 0

Injuries: 0
	Property: $0 

Crops: $0

	13
	Wild/Forest Fire
	4/19-21/2008
	Pender Shiloh Road west of Highway 421 near Atkinson
	Fatalities: 0

Injuries: 0
	Property: $0 

Crops: $0

	14
	Evans Road Fire
	3/23-23//2009
	Wake County – Highland Creek Community
	Fatalities 0

Injuries 4
	Property: $1,000,000

Crops: $0

	15
	Wild/Forest Fire
	  04/7/2010
	Northern Jackson County --Bradley Branch Rd
	Fatalities: 0

Injuries: 0
	Property: $100,000

Crops: $0

	16
	Wild/Forest Fire
	 2/12– 20/2011
	Rutherford County  -Chimney Rock State Park
	Fatalities: 0

Injuries: 0
	Property: $0 

Crops: $0

	17
	Wild/Forest Fire
	  2/12– 20/2011
	Polk County -- Chimney Rock State Park
	Fatalities: 0

Injuries: 0
	Property: $0 

Crops: $0

	18
	Wild/Forest Fire
	 2/14/2011
	Rockingham County – Near Ruffin
	Fatalities: 0

Injuries: 0
	Property: $5000 

Crops: $0

	19
	Wild/Forest Fire
	 2/14/2011
	Watauga  County – Green Briar/Rocky Knob area
	Fatalities: 0

Injuries: 0
	Property: $0 

Crops: $0

	20
	Simmons Road Wildfire
	6/18-7/30/2011
	Bladen County --NC Hwy 53 and Simmons Road
	Fatalities: 0

Injuries: 0
	Property: $500,000 

Crops: $0

	21
	Juniper Road Wildfire
	6/18-7/30/2011
	Pender County – Holly Shelter Game Land
	Fatalities 0

Injuries 0


	Property: $1,000,000

Crops: $0


Significant North Carolina Wildfire Events
Event # 1:  June 3, 1998–June 5, 1998  

Lightning sparked a forest fire just east of Shaw Highway (north of Highway 210) that burned 695 acres on the western edge of Holly Shelter Game Land.

Event # 2–6:  Oct. 28, 2000–Nov. 2, 2000
A wildfire was started in the Linville Gorge area and eventually burned hundreds of acres. Extremely dry conditions had persisted across the area; rainfall had not been measured for 50 days. Wildfires that started in late October continued to burn out of control into early November. Several thousand acres were burned with the largest burn area occurring in the Linville Gorge.

Event #7 June 1, 2008- January 5, 2009

A wildfire sparked by lightning in Hyde County NC burned 40,704 acres of private, state owned and federally managed land in three counties. 60% of the damage was contained on the federal Pocosin Lakes Wildlife Refuge. Due to ongoing drought in the region, the peat soil caught fire and the fire spread underground over a large area. At the height of the response, over 400 local, county, state and federal agents participated. Over 2 billion gallons of water was pumped over 35 miles from Lake Phelps, New Lake and the Alligator River and used to flood the local canal system in an effort to raise the water table and extinguish the underground fires. Heavy smoke led to air quality warnings as far as 150 miles away in piedmont NC. Three mobile homes used as hunt camps were the only structures destroyed by the blaze. The last hot spots from the fire were identified and extinguished on January 5, 2009. Surpession of the blaze cost just under $20 million.

Event #8 March 23, 2010 

Dry conditions in Wake county along with above normal temperatures during the week preceding the fire likely contributed to a decrease in fuel moisture and an increased potential for fires. Strong gusty westerly winds developed during the afternoon and in advance of a surface|trough. these gusty winds and the close proximity of the homes were factors in the rapid spread of the fire. Three homes were destroyed and 4 homes were damaged in the Highland Creek Home Community in north Raleigh when a fire spread from a grass, pine straw area directly behind one of the homes
Event #9 June 18, 2011 July 30, 2011

Lightning sparked a wildfire near the intersection of NC Hwy 53 and Simmons Road, in the Live Oak community in Bladen County. Against the backdrop of an ongoing severe drought and 100 degree heat, strong and erratic winds caused the fire to cross containment lines on June 20-21. The fire destroyed three homes and eleven outbuildings. The fire spread to all or parts of several bays containing dense vegetation and organic soil. Evacuations were ordered on two occasions, but all residents were able to return home. The fire grew to 5600 acres and continued to burn into July.
A historical record of the number of wildfires and acreage burned in North Carolina from 1928 to 2005 can be found at the North Carolina Forest Service Division of Forest Resources Web site.
 Also available on the Web site is a listing of the causes of wildfire in North Carolina from 1970 to 2011, as shown in Table 2-25.

Table 2-25. Causes of Wildfire in North Carolina (1970–2011)

	Year
	Fires
	Acres
	Lightning
	Camping
	Smoking
	Debris Burning
	Incendiary
	Mach. Use
	Rail-Road
	Children
	Misc.

	1970
	5,291
	72,747
	64
	45
	722
	1,752
	1,084
	191
	454
	265
	714

	1971
	4,015
	79,864
	26
	40
	528
	1,208
	784
	105
	410
	241
	673

	1972
	2,524
	37,715
	16
	22
	261
	886
	601
	81
	193
	189
	275

	1973
	3,649
	29,658
	17
	55
	540
	1,218
	743
	156
	154
	227
	539

	1974
	3,407
	33,836
	8
	35
	433
	1,198
	749
	111
	220
	244
	409

	1975
	2,710
	16,321
	24
	38
	332
	852
	591
	88
	139
	253
	393

	1976
	6,355
	69,805
	26
	60
	736
	2,007
	1,705
	233
	342
	447
	799

	1977
	5,836
	38,295
	129
	48
	627
	2,141
	1,177
	208
	409
	385
	712

	1978
	4,865
	36,137
	29
	50
	604
	1,735
	1,093
	175
	326
	329
	524

	1979
	3,563
	30,767
	12
	41
	403
	1,433
	809
	127
	244
	237
	257

	1980
	4,420
	62,785
	107
	52
	492
	1,513
	1,072
	225
	301
	281
	377

	1981
	8,746
	108,253
	58
	122
	996
	3,023
	2,231
	352
	444
	572
	948

	1982
	3,734
	74,269
	23
	40
	349
	1,557
	817
	163
	179
	228
	378

	1983
	2,900
	12,579
	99
	24
	276
	1,001
	648
	270
	128
	195
	259

	1984
	3,569
	19,771
	30
	53
	317
	1,453
	829
	216
	95
	236
	340

	1985
	7,318
	99,473
	92
	80
	832
	2,861
	1,674
	345
	172
	487
	775

	1986
	5,580
	113,479
	188
	66
	652
	1,794
	1,366
	318
	92
	458
	646

	1987
	3,908
	17,834
	89
	55
	374
	1,517
	880
	239
	62
	266
	426

	1988
	4,581
	23,795
	151
	48
	496
	1,636
	1159
	216
	74
	313
	488

	1989
	2,660
	14,440
	32
	32
	260
	1,008
	664
	134
	47
	188
	295

	1990
	4,037
	26,193
	129
	41
	354
	1,352
	1,199
	251
	36
	291
	384

	1991
	5,051
	24,336
	49
	60
	483
	1,945
	1,178
	282
	51
	394
	609

	1992
	5,721
	23,952
	54
	52
	622
	2,322
	1,237
	340
	57
	444
	593

	1993
	4,793
	25,334
	204
	59
	397
	1,690
	1,086
	303
	56
	430
	568

	1994
	5,809
	19,359
	99
	73
	474
	2,472
	1,188
	302
	61
	525
	615

	1995
	5,296
	21,253
	48
	58
	457
	2,165
	1,134
	277
	49
	559
	549

	1996
	4,272
	15,963
	49
	35
	300
	1,838
	807
	222
	81
	428
	512

	1997
	4,539
	16,274
	127
	50
	273
	1,890
	929
	226
	86
	477
	481

	1998
	4,317
	15,699
	80
	40
	297
	1,755
	944
	258
	63
	387
	493

	1999
	6,244
	28,298
	110
	75
	439
	2,629
	1,195
	325
	107
	598
	776

	2000
	4,949
	25,146
	57
	60
	358
	2,049
	955
	282
	119
	443
	626

	2001
	8,129
	28,733
	82
	110
	708
	3,226
	1593
	524
	121
	749
	1,015

	2002
	5,618
	28,216
	261
	73
	370
	2,250
	975
	360
	65
	501
	764

	2003
	1,994
	5,841.4
	10
	21
	121
	864
	355
	140
	15
	154
	314

	2004
	4,364
	14,722.8
	29
	49
	255
	2,046
	693
	295
	36
	335
	626

	2005
	4,057
	15,235.8
	49 
	47
	278
	1,697
	764
	325 
	45 
	311 
	541

	2006
	5,096
	21,924.0
	97
	52
	333
	2,111
	943
	430
	49
	393
	690

	2007
	7260
	38,065
	215
	105
	503
	2461
	1476
	614
	98
	614
	1174

	2008
	4381
	50,646
	197
	36
	246
	1567
	758
	384
	58
	332
	802

	2009
	3291
	12,322
	56
	38
	186
	1309
	618
	283
	26
	246
	469

	2010
	4053
	14,703
	71
	36
	166
	1642
	801
	435
	24
	268
	602

	2011
	5,265
	63,547
	200
	28
	216
	2102
	1012
	522
	40
	298
	803


Source:  North Carolina Forest Service Division of Forest Resources
Figure 2-34 shows areas of the state that have a high probability of experiencing a wildfire.

Figure 2-34. Wildfire Probability
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Wildfire Hazard Scores

Figure 2-35 represents the relative location of Wildfire 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 other individual hazard maps.)
Figure 2-35. Wildfire Hazard Scores by County
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Greater Hazard Score Results
The natural hazard definitions, descriptions, historical occurrences, and scoring system results previously outlined herein provide a detailed and comprehensive view of the identified Greater Hazards that could occur in North Carolina. In total, there are 21 identified Greater Hazards in the five 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 contain composite scores for each group and are useful in streamlining the information load provided by the different sections. These composite maps are normalized by the number of hazards in each group. Therefore, the scores presented here 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. 

Flood Hazard Group Results
For information regarding Flood Hazard results, refer to the Flood Hazard Section of this document. Figure 2-36 shows the Flood Hazard Group Hazard Score Composite Map.

Figure 2-36. Flood Hazard Group Hazard Score Composite Map
[image: image40.emf]
Earthquake Hazard Group Results
For information regarding Earthquake Hazard results, refer to the Earthquake Hazard Section of this document. Figure 2-37 shows the Earthquake Hazard Group Hazard Score Composite Map.

Figure 2-37. Earthquake Hazard Group Hazard Score Composite Map
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Hurricane/Coastal Hazard Group Results
There are 12 hazards considered within the hurricane/coastal hazard group, including:  
· Hurricane;
· Hurricane–High Wind;
· Hurricane–Torrential Rain;
· Hurricane–Tornado; 
· Hurricane–Storm Surge;
· Nor’easter;
· Nor’easter–Severe Winter Weather;
· Nor’easter–Storm Surge;
· Nor’easter–High Wind;
· Tsunami;
· Coastal Erosion; and,
· Rip Current.  
All of these hazard scores were aggregated and then divided by 12 to give the final group score per county on a 0–625 scale. The hurricane/coastal hazards scores are highest in North Carolina within the Coastal regions of the state. This is a result of a number of high scores being assigned to these areas in the individual hazards scores prior to aggregation. It is important to reference these individual hazard maps to understand the total group scores beyond this surface level. However, Figure 2-38 provides basic information on which areas are the most susceptible to hurricane/coastal hazards. 
Figure 2-38. Hurricane/Coastal Hazards Group Hazard Scores by County
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There are several hazards in this group that can only occur along the coast, such as tsunamis, coastal erosion, and rip currents; thus the higher overall scores in these areas. Additionally, the scores are higher in the Coastal Plain and Coastal regions due to the higher storm surge and high wind scores of both hurricanes and nor’easters. The designations for hurricane and hurricane-torrential rain received the same score for each region across the state, which created the baseline for the lower scores in the Mountain and Piedmont regions. Nor’easters typically received higher scores in the Coastal regions, yet received higher scores in the Coastal Plain for the severe winter weather sub hazard than any other region within North Carolina.  

Severe Winter Weather Hazard Group Results

There are six hazards considered within the severe winter weather hazard group: 
· Severe Winter Weather;

· Severe Winter Weather–Freezing Rain;

· Severe Winter Weather–Snowstorm;

· Severe Winter Weather–Blizzard;

· Severe Winter Weather–Wind Chill; and,

· Extreme Cold.  
All of these hazard scores were aggregated and then divided by six to give the final group score per county on a 0–625 scale. The severe winter weather hazards scores are highest in North Carolina within the Piedmont regions of the state. This is a result of a number of high scores being assigned to these areas in the individual hazards scores prior to aggregation. The Mountains and portions of the Coastal Plain regions received higher scores than did the Coastal regions of the state for this hazard. It is important to reference these individual hazard maps to understand the total group scores beyond this surface level. However, Figure 2-39 provides basic information on which areas are the most susceptible to the occurrence of severe winter weather hazards. 

Figure 2-39. Severe Winter Weather Hazards Group Hazard Scores by County
[image: image43.jpg]North Carolina Risk Assessment:
Severe Winter Weather Hazards Group
Hazard Scores by County

Severe Winter W eather Hazards Group
Hazard Scoring Summary

The "Severe Winter Weather Hazards" Hazard Score
i the sum of the hazard scores of the hazards in the
Severe Winter Weather Hazard Group, which include:
Severe Winter Weather
SWW -Freezing Rain
SWW -Snowstorm
SWW -Blizzard
SWW - Wind Chill
Extreme Cold
Severe Winter Weather Hazards Score =
(® Winter Weather Scores) / €)

This suap ws preprad by:
Kathering Evchdbach
Flzard it gation Planing Cliie
Departzsent of Gty and Regional Planning
Univarsty of Nath Cardlina st Chapel Fill
Lust Up dated: Mirch 3, 2004




The hazards in this group received lower scores than compared to those in other groups, with its highest scores falling within the 120 to 180 range. This does not necessarily reflect the high scores received by the severe winter weather hazard and the severe winter weather—freezing rain hazard in the Piedmont 2 and Piedmont 3 regions (score = 320). The scores for these two hazards, in particular, were higher across the state than is shown in the Figure 2-39. Scores for blizzard, snowstorm, and wind chill were low across the Coastal Plain and Coastal regions and result in the lowering of the total group score. Extreme cold received low scores across the state in comparison to the other hazards in this group and the other hazards analyzed.

Wildfire Hazard Group Results
There is only one hazard within the wildfire hazard group. Therefore, it was not necessary to normalize the scores for this group due to the use of the single wildfire hazard, which was already on a 0–625 scale. However, Figure 2-40 provides some detailed information on which areas are the most susceptible to the occurrence of wildfire hazards, which is one of the highest scoring hazards in the state for certain regions. The wildfire hazard scores are highest in North Carolina within the southern-most regions of the state. The Coastal 6 region, in particular, is extremely susceptible to this hazard, with the Coastal Plain 6 region receiving high scores as well. This is primarily due to this hazard’s short frequency, high intensity, and high destructive potential in these areas—especially in dry seasons. Large tracks of unbroken timber are located in the Coastal 6 region, making this area extremely susceptible to wildfire. Other sections of the state also received high scores, such as the Coastal 7 and 8 regions and the Coastal Plain 8 region. The Mountain region 2 also received high scores, although the Coastal Plain 7 region scored lower than its surroundings, because it was considered a lower risk than the other coastal areas.

Figure 2-40. Wildfire Hazard Group Hazard Scores by County
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The table below (Table 2-27) 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 2-27. Likelihood of Occurrence and Impact for Each Hazard

	Type of Hazard
	Likelihood of Occurrence


	Impact

	Flooding
	Highly Likely
	Critical

	Earthquakes
	Likely
	Limited

	Hurricanes and Coastal Hazards
	Highly Likely
	Catastrophic

	Hurricanes
	Highly Likely
	Catastrophic

	Hurricane Storm Surge
	Highly Likely
	Catastrophic

	Hurricane High Wind
	Highly Likely
	Catastrophic

	Hurricane Torrential Rain
	Highly Likely
	Critical

	Hurricane Tornado
	Highly Likely
	Catastrophic

	Rip Current
	Highly Likely
	Critical

	Nor’easters
	Likely
	Critical

	Nor’easter Storm Surge
	Likely
	Critical

	Nor’easter High Wind
	Likely
	Critical

	Nor’easter Severe Winter Weather
	Likely
	Critical

	Tsunami
	Unlikely
	Catastrophic

	Coastal Erosion
	Highly Likely
	Limited

	Severe Winter Weather
	Highly Likely
	Critical

	Severe Winter Weather
	Highly Likely
	Critical

	SWW Freezing Rain
	Highly Likely
	Limited

	SWW Snowstorms
	Highly Likely
	Limited

	SWW Blizzards
	Possible
	Catastrophic

	SWW Wind Chill
	Highly Likely
	Negligible

	Extreme Cold
	Highly Likely
	Negligible

	Wildfire
	Likely
	Critical


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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xiii	� HYPERLINK "http://hurricanetrack.com/nysurge/tides.html" ��http://hurricanetrack.com/nysurge/tides.html� 


xiv	� HYPERLINK "http://hurricanetrack.com/nysurge/basics.html#noreaster" ��http://hurricanetrack.com/nysurge/basics.html#noreaster� 


xv	� HYPERLINK "http://www.erh.noaa.gov/er/ilm" ��http://www.erh.noaa.gov/er/ilm� 


xvi	� HYPERLINK "http://www.fema.gov/hazards/hurricanes/hurfacts.shtm" ��http://www.fema.gov/hazards/hurricanes/hurfacts.shtm� 


xvii	Cione et al. 1996	


xviii	Cione et al., 1996


xix	Davis and Dolan, 1993


xx	http://www.cdnn.info/news/article/a010829.html


xxi	http://www.ldeo.columbia.edu/


xxii	National Weather Service Instruction 10-1605 (01/06/2003)  � HYPERLINK "http://www.nws.noaa.gov/directives/" ��http://www.nws.noaa.gov/directives/�


xxiii	http://www.ripcurrents.noaa.gov/


xxiv	http://www.ripcurrents.noaa.gov/


xxv	�HYPERLINK "http://www.ncdc.noaa.gov"�http://www.ncdc.noaa.gov�


xxvi	�HYPERLINK "http://www.gismaps.fema.gov/2000pages/dr1312.shtm"�http://www.gismaps.fema.gov/2000pages/dr1312.shtm�


xxvii	�HYPERLINK "http://www.gismaps.fema.gov/2002pages/dr1448.shtm"�http://www.gismaps.fema.gov/2002pages/dr1448.shtm�


xxviii	�HYPERLINK "http://www.crh.noaa.gov/lmk/winpns1.htm"�http://www.crh.noaa.gov/lmk/winpns1.htm�


xxix	�HYPERLINK "http://www.komotv.com/asksteve/story.asp?ID=21879"�http://www.komotv.com/asksteve/story.asp?ID=21879�


xxx	�HYPERLINK "http://www.srh.noaa.gov/shv/FzRain.htm"�http://www.srh.noaa.gov/shv/FzRain.htm�


xxxi	http://www.weather.com/encyclopedia/winter/precip.html#snow 


xxxii	http://www2.ncsu.edu/eos/service/pams/meas/sco/research/nws/cases/20001203/


xxxiii	http://www4.ncdc.noaa.gov/cgi-win/wwcgi.dll?wwevent~storms


xxxiv	�HYPERLINK "http://www.weather.com/encyclopedia/winter/blizzard.html"�http://www.weather.com/encyclopedia/winter/blizzard.html�


xxxv	�HYPERLINK "http://www.weather.com/encyclopedia/winter/blizzard.html%20"�http://www.weather.com/encyclopedia/winter/blizzard.html� 


xxxvi	�HYPERLINK "http://members.aol.com/windgusts/Blizzards_and_Noreasters.html"�http://members.aol.com/windgusts/Blizzards_and_Noreasters.html� 


xxxvii	�HYPERLINK "http://www.nws.noaa.gov/om/windchill/windchillglossary.shtml" \l "1"�http://www.nws.noaa.gov/om/windchill/windchillglossary.shtml#1�


xxxviii	�HYPERLINK "http://www.nws.noaa.gov/om/windchill/index.shtml%20%20%20%20%20%20%20%20%20%20%20%20%20%20"�http://www.nws.noaa.gov/om/windchill/index.shtml             � 


xxxix	�HYPERLINK "http://www.crh.noaa.gov/lot/webpage/nwsredcross.html%20%20"�http://www.crh.noaa.gov/lot/webpage/nwsredcross.html � 


xl	�HYPERLINK "http://www.nc-climate.ncsu.edu/climate/ncclimate.html"�http://www.nc-climate.ncsu.edu/climate/ncclimate.html�


xli	�HYPERLINK "http://www.nc-climate.ncsu.edu/climate/ncclimate.html"�http://www.nc-climate.ncsu.edu/climate/ncclimate.html�


xlii	�HYPERLINK "http://www.ncdc.noaa.gov"�http://www.ncdc.noaa.gov�


xliii	�HYPERLINK "http://www.srs.fs.usda.gov/sustain/report/pdf/chapter_25e.pdf"�http://www.srs.fs.usda.gov/sustain/report/pdf/chapter_25e.pdf�


xliv	�HYPERLINK "http://www.srs.fs.usda.gov/sustain/report/pdf/chapter_25e.pdf"�http://www.srs.fs.usda.gov/sustain/report/pdf/chapter_25e.pdf�


xlv 	�HYPERLINK "http://tncfire.org/resource/keetch.htm"�http://tncfire.org/resource/keetch.htm�


xlvi 	�HYPERLINK "http://www.dfr.state.nc.us/fire_control/kbdi.htm"�http://www.dfr.state.nc.us/fire_control/kbdi.htm�


xlvii	�HYPERLINK "http://www.news14charlotte.com/content/top_stories/?ArID=31523"�http://www.news14charlotte.com/content/top_stories/?ArID=31523�


xlviii	�HYPERLINK "http://www4.ncdc.noaa.gov/cgi-win/wwcgi.dll?wwevent~storms"�http://www4.ncdc.noaa.gov/cgi-win/wwcgi.dll?wwevent~storms� 


xlix	�HYPERLINK "http://www.dfr.state.nc.us/fire_control/28thru2001.htm"�http://www.dfr.state.nc.us/fire_control/28thru2001.htm�


l	�HYPERLINK "http://www.dfr.state.nc.us/fire_control/fire_70thro01.htm"�http://www.dfr.state.nc.us/fire_control/fire_70thro01.htm�
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