
4/18/2010

1

Some Examples of Severe 
Weather Events in the Southern 

Appalachians

Grant  W. Goodge

Western North Carolina
Ice Storm January 20-22, 1983

At the time this storm was considered to have been  
the worst in known WNC history.  More than three 

dozen communication towers fell under the weight of 
the wind blow freezing rain. A portion of the roof of 

“The World of Clothing” outlet store, fell in, and  tens 
of thousands were without power. 

Meteorologically the most interesting aspect to the 
storm was that mesoscale and microscale “warm 
wedges” aloft, developed by laminar flow over the 

mountains, created localized freezing rain more than 
6 hours before the synoptic scale “warm wedge” had 

moved over the region.

Classic example of  “laminar” flow 
creating a (standing wave) in clear 
weather. Note the smooth edges to 
the cloud.  Wind is flowing from left to 
right on the photo.

Cooler here where moisture 
condenses into a cloud Warmer here where 

moisture is evaporated

A good example of “laminar flow” in a low overcast.  The 
winds in the cloud layer are flowing from left to right in the 
photo. Note the bright area in the cloud below.  This is 
caused by the compressional heating of the air as it 
descends in the wave downwind of the mountain. It is that 
warm air that would turn snow flakes into raindrops which 
would then become freezing rain or sleet if the air below 
was less than 32F. 

Surface Weather Map 12 z  Jan. 20, 1983
Surface Weather Map 12 z Jan. 21, 1983
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Surface Weather Map 12 z Jan. 22, 1983

Classic case of “cold air 
damming” on east side of 
Blue Ridge Mtns. January 21, 1983

12z 850mb (about 5,000’)

January 21, 1983
00z 500mb (about 18,000’)

Athens, GA Soundings

Wind 
speed 
(knots)

Temps 
(Deg C)

00z Jan 20       12z Jan 20           00z Jan 21         12z Jan 21        00z Jan  22 

Shaded areas = 
above freezing 
temperatures

Surface wx

Flat Top Mtn. 
(Elev. 4320’)

Asheville 
Airport NWS 
(Elev. 2165’)

Location of 
anemometers 
that produced 
the wind 
records in the 
next slide

Wind speeds (knots)

Flat Top Mtn.  Elev. 4395’

Asheville Airport NWSO Elev. 2165’

January 21, 1983    EST

WIND GUST CHARTS Peak gust prior to 
freezing rain was 66 
knots (76mph)
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Jan. 20-22, 1983 Surface Temperatures (F) 

NCDC = Red
NWSO AVL = Green

Flat Top Mtn. = BlackNote that the Flat 
Top Mtn temps 
warm above the 
two valley sites 
for a couple hours 
early a.m.

Snow/sleet totals (inches) Jan 20-22, 1983
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Total Melt Water Equivalent (Inches)
from Jan. 20-22, 1983 Snow-Ice Storm
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“World of Clothing Outlet Store

Mt. Pisgah and WLOS TV tower

Area of maximum accumulation
of clear ice and tree damage

Mt. Mitchell (Elev. 6684’)

Wind Direction

View NNE over the 
Swannanoa Valley as 
viewed from Flat Top 
Mtn.

No snow where down 
sloping wind had 
warmed the air above

Snow where no 
down sloping 
winds occurred

N

NE

Black 
Mountain

Swannanoa

Asheville 
Watershed

I-40

Aerial view 
NNE from this 
point in the 
next slide

Asheville

Hendersonville

Black Mtn.

Flat Top Mtn.
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Flat Top 
Mtn. Wind 
Sensor 
Elev. 4395’

Mount Mitchell 
Elev. 6684’

Location of Photo #1 
Elev. 2500’

Location of Photo #2 
Elev.2200’ and 1 mile 
south 

Mean Wind 
Direction 
ENE

N

Down slope warming produces freezing rain in this ar ea
6 hours before synoptic “warm wedge” moves

over the region

Photo #1 (mostly freezing rain) 
(Elev. 2500’)

Photo #2 (2” of snow and 
sleet) (Elev. 2200’)

Clear ice accumulated 
on yellow pine on Flat 
Top Mtn.

1 to 1.5 inch radial ice that formed on one of the 
0.1 inch diameter guy wires that supported the Flat  
Top Mtn. wind sensor.

Aerial photo of mixed deciduous forest 
(near the center of maximum ice 
accumulation) about 10 miles SW of 
Hendersonville, NC.  >95% of trees 
were damaged .
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Close-up view of 
previous photo

Aerial view of WLOS 
TV tower and 
electronics “shed” 
on Mt. Pisgah. 
Photo taken after 
roof was replaced.

2 inch steel cat-
walk bent by 
falling ice 

Close-up view of original 6” thick 
reinforced concrete roof of the 
electronics “shed”. Ice falling from 
the tower above broke through the 
concrete roof and allowed water to 
drain through into the equipment 
and did $50,000+ damage.

Note USGS 
Survey Marker

Ice frequently falls 
from towers in large 
chunks or “javelin” 
shaped tubes that  
melt from the inside 
where tower 
surfaces, 
particularly the  
black surfaces of 
coaxial cables that 
absorb the solar 
radiation more 
quickly.

Note the 
approximate 15 
foot long and 4 
inch diameter 
“javelin” as it falls 
from a 175 foot 
high cell tower on 
Flat Top Mtn. NC.

The “Concorde” Snowstorm

• On April 2, 1987 the British Airways “Concorde” 
supersonic airliner came to Asheville for a promotional 
flight back to London, unfortunately for them “mother 
nature” delayed their scheduled departure time by about 
30 hours.  The temperatures at the time of landing were 
in the mid 60’s. By midday Friday the 3rd the airport and 
other valley areas had about one foot of snow on the 
ground and then the snow became light.  However for 
the NW facing slopes along the NC-TN border, the snow 
had just begun.  Moderate to occasionally heavy snow 
continued in those areas for another two+ days (see 
April 5 satellite image). National Park Rangers measured 
60 inches at Newfound Gap which was a new record for 
both TN and NC.  This 60 inch amount was matched at 
Mt. LeConte with the March 1993 “Blizzard”.
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British Airways “Concorde” on taxi 
to the AVL Airport, April 2, 1987

1030 EST 1630 EST

GOES Visible Imagery

April 3, 1987

1630 EST GOES Visible Imagery

April 5, 1987

Note continued up-
slope flow against 
the NW face of the 
mountains along 
the NC TN border

Total snowfall for the 
“Concorde” storm

“The Storm of the Century”

• For most areas of WNC the snow from this 
storm was measured in feet rather than 
inches.  In addition to the record snow 
amounts it was also accompanied with 
hurricane force wind gusts in the valleys 
as well as the higher elevations of the 
mountains.  Duke Energy reported that 
more trees fell in their coverage area in 
this storm than in Hurricane Hugo Sept. 
1989.

Total snowfall (inches) for 
the March 1993 “blizzard”
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26 inches of snowfall with 80 to 
100 mph gusts, blew the snow 
into 5 to 6 foot drifts here at the 
observer’s home on Flat Top Mtn.

Note that the storm 
peak gust at Flat Top 
Mtn . was only 1 minute 
sooner than that 
recorded at the 
Asheville Airport WSO64 knots 

(74 mph)

88 knots 
(101 mph)

Wind speed in knots

A bulldozer was required to reach 
Flat Top Mtn.   The snow plow was 
stuck.

One of thousands of trees broken or uprooted by 
the strong winds.  This one was several miles 
south of the escarpment in SC. 

Tropical Storms
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2004 

6

Hurricane 
“Frances”

55 W

20 N

“Frances”  Radar Estimated Storm Total Precipitation 

Flat Top 
Mtn.

Swannanoa
River

Asheville, NC truck rental 
business flooded by rising 
waters of the Swannanoa 
River. 

Every vehicle 
required some 
maintenance 
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2004

9

Good forecast 
track, see where 
the center is in 7 
days on the 2 nd

satellite image

Hurricane “Ivan”
Tropical storm 
“Ivan”

“Ivan” Composite Reflectivity 

Another Asheville, NC  
business affected by 
flooding from the 
Swannanoa River.
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Trace of Barometric Pressure (Inches)
Flat Top Mtn. NC (Elevation 4320)

Time of 
Peak gust 
2202 EST

Wind Gust Chart For Hurricane “Ivan” (Speed in Knots)
Flat Top Mountain, NC (Elev. 4395’)

Time E.S.T.

Peak gust 85 kts 
(98 mph) 2202 
EST

125 foot tall 
communications 
tower on Flat Top 
Mtn. fell when one of 
the top set of guy 
wires slipped lose 
from its ground 
anchor.

Several power poles 
along US 74-A in the 
Reynolds area of 
Buncombe County, NC 
failed with the strong 
winds of “Ivan”.

It should be 
noted that the 
point of 
failure was 
where a hole 
had been 
drilled 
through the 
pole to 
support one 
of the “local 
cable” lines.

NOVEMBER 1977

• Not all flood events result from tropical 
storms and hurricanes.  This event was 
the result of a slow moving-vertically 
stacked 500mb low that tapped late 
season tropical moisture and forced it over 
the SE facing slopes of the Southern 
Appalachians.  About 40 deaths in GA and 
13 in NC resulted from the event. 

GOES IR Image 0230z 
Nov. 6, 1977

Center of 
the 500mb 
low

Cold 
thunderstorm 
cloud tops 

Movement of the 
thunderstorm 
cells was NW at 
30 knots while 
the overall storm 
system was 
moving NE at 
about 10 knots
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Wind Speeds (knots)
Recorded at

Flat Top Mtn. NC
(Elev. 4395’)

Time EST

Frequent lightning for two hours

Wind direction=East

November 5November 6

Recording precipitation gauge 
record from TVA site on Mt. Pisgah,

NC.  Over 5 inches of rain in 4 days fell here 
prior to the intense thunderstorm near 

midnight of the 5th-6th.

Storm total rainfall (inches)
for the Nov. 2-6, 1977 flood

event.
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Knoxville
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6 Franklin

Hendersonville

AshevilleMt. Pisgah

4

9

8

Mt. Mitchell
12

7
6

5

Biltmore Estate 
farm land

Swannanoa River in 
Swannanoa, NC 

Swannanoa River near I-40 
and Blue Ridge Parkway

Swannanoa River 
at Biltmore

Woodfin Resevoir 
Spillway destroyed Roadway and 

culvert washed 
away below the 
Woodfin Resevoir

Large evergreen 
toppled by flood 
along Reems 
Creek

Private drives 
washed away on 
Reems Creek

Debris slides on the steeper 
terrain also occurred as a 
result of the Nov. 1977 flood
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This debris slide 
occurred several 
miles north of Mt. 
Pisgah.  By the 
absence of water 
one can see this is 
not a stream bed

Width of forest 
cleared is 
approximately 60 feet

Photo courtesy Michael Changery SEPTEMBER 1978 Flash Flood 
Along the eastern escarpment of 

the Blue Ridge Mountains

• This was a terrain locked event similar in 
nature to the Big Thompson River Canyon 
Flood in Colorado on July 31, 1976.

From Maddox and Hoxit report on 
Big Thompson Flash Flood

From Lee and Goodge 
report on Sugarloaf 
Mtn. Flash Flood

Rainfall is 
west of 
updraft and 
does not 
prevent the 
continuation 
of the 
updraft 

Cross section of above 
map

Hendersonville Sugarloaf 
Mtn.

Lake 
Lure

North

Sugarloaf Mtn. 

(Elev. 3965’)

Lake 
Lure

Aerial view of storm site

Stippled area 
indicates >70F dew 
points

Sugarloaf 
Mtn.

“Back door” 
cold front
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GOES Visible 
Imagery 2101z 
(1601 EST) Sept. 
13, 1978

TN

SC

NC

Stratus clouds 
behind the front

Cumulonimbus 
storm cells along 
a squall line well 
ahead of the cold
front

VA

Parallel cumulus cloud 
streets with cells moving 
WNW ahead of the cold 
front

AL

GA

NC

Sugarloaf 
Mtn.

Aerial view of storm cells 
developing along the 
escarpment several miles SSE 
of Sugarloaf Mtn.Sugarloaf Mtn.

Aerial view is southeast

Location of 
greatest rainfall 
(11.39’)

Sugarloaf Mtn.

Sugarloaf 
Mtn .

WB Tech 
Paper #40:
100 year 6 hour 
rain = 6” for 
the Sugarloaf 
area

Autographic 
rain gauge 
recording 
from a sight 
at the center 
of the storm. 
11.25” in 6 
hours, and a 
storm total 
of 11.39”

Photos of several of the roads and 
bridges washed out during the storm. Example of Terrain Induced Acceleration of 

Winds Through Minehole Gap Buncombe 
County NC April 6, 1982

• These strong winds were post-cold frontal, 
there were no thunderstorms involved.  
The center of the low pressure was in the 
Cleveland, OH area at the time of peak 
winds. 
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Aerial view WSW over 
Buncombe County, NC

Swannanoa Mountains

Asheville

Mt. 
Pisgah

Minehole 
Gap and 
H74-A

Fairview

Flat Top Mtn. wind 
sensor

Damaged 
trailer (in 
next slide) 
was just 
out of 
view in 
this photo.

Canton

Wind speed record (knots) from Flat Top Mtn. (Elev. 4395’)

Peak gust= 89 knots or 102 mph

Roof ripped off most of this mobile 
home off Garren Creek Road, 
Fairview, NC

Photo: courtesy of 
Asheville Citizen 
Times

May 22, 1983 Microburst in Eastern 
Buncombe County

• The initial assessment of the storm ruled 
that it was a tornado, however an aerial 
survey and a more detailed ground search 
clearly indicated that the damage had 
been the winds from one or more 
microbursts that were funneled by the 
local terrain.  The majority of the tree fall 
was down slope to the north which was 
also the direction of least root strength.  

Cross section West to East along the damage path of 
the May 22, 1983 Microbursts over the Swannanoa 
Valley and Swannanoa Mountains.  View is from South 
to North 

W
W

N

E

Damage

Damage

Flat Top Mtn.

Buckeye Cove

Wilson Cove

Patton Cove

Flat Top Mtn

Aerial view SSE over the 
Swannanoa Mtns

Wind damage

Storm track

I-40

Patton Cove

Wilson 
Cove

Peak gust at Flat 
Top was 60 knots 
(69 mph)

Example of a “wet” 
microburst as viewed 
SSE from downtown 
Asheville

This photo taken from same location as the 
first, only one minute later.  Note the curling 
upward of the west side precipitation shield, 
indicating rotation in the horizontal as the air 
spreads outward.
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Wind gust record from 
Asheville Airport WSO 
showing the brief nature of 
the wind gust during a 
microburst.  The peak gust 
was less than 15 seconds 
and the whole event less 
than 2 minutes

Wind speed in 
knots

One of many microbursts 
produced by Hurricane 
Hugo in Sept. 1989.  This 
one was near Hickory, NC

Wind 
direction

Dimension was about 
100 by 250 feet

End of Presentation

• Questions?


