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A CLIMATOLOGY OF SYNOPTIC CONDITIONS WHICH PRODUCED SIGNIFICANT
TORNADOES ACROSS THE SOUTHERN APPALACHIAN REGION
David M. Gaffin* and Stephen S. Parker
National Weather Service, Morristown, Tennessee

1. INTRODUCTION
The frequency of significant tornadoes (F2
or gre ate r) decreases m arke dly from west-to-east
across the Tennessee River Valley and southern
Appalachian region (Fig. 1). It's comm only thought
that this decrease is m ainly due to the increasingly
complex terrain of the southern Appalachian region.
The southern Appalachian region has terrain which
generally stretches from sou thwe st to northe ast w ith
three distinct features (Fig. 2): the Cumberland
Plateau (around 45 0 to 900 m (150 0 to 3000 ft)
MS L), Great Tennessee Valley (around 150 to 450

m (500 to 1500 ft) MSL), and southern Appalachian
Mo unta ins (aroun d 15 0 to 1980 m (150 0 to 650 0 ft)
MS L). A need exists for a study to help local
forecasters determine the synoptic conditions which
affects the development of significant tornadoes
across these different large-scale terrain features.
The purpose of this study is to compile a 54 year
climatology (1950-2003) of significant tornadoes
across the south ern Appalachian region in orde r to
(1) exa m ine the synoptic pa tterns which produced
these tornadoes and (2) compare the similarities and
differenc es to the larg e-scale terrain featu res.

Figure 1. Mean number of days per century with at least one F2 or greater tornado from 1921 through
1995 (from C oncannon et al. 2000).
2. METHODOLOGY AND DATA
Although significant tornadoes account for
around 10% of the reported tornadoes across the
United States, these tornadoes are responsible for
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most tornado deaths and are m ore likely to have
been docum ented in the clim ato logical record than
weaker tornadoes (Concannon et al. 2000). Thus,
only those events which produced a significant
tornado were examined in this study. A tornado
event was defined as a date when at least one
sign ificant tornado was documented in Storm D ata
with in a hundred-county area of middle and east
Tennessee, northeast Alabama, northern Georgia,

ups tate Sou th Carolina a nd w este rn N orth Carolina
(Fig. 3). If there was more than twelve hours of
separation between tornado occurrences, then these
occurrences were considered two separate events.
Eve nts were then classified according to whether
they prod uce d a tornad o on the weste rn side,
southern side, or eastern side of the southern
Appalachians. In this study, the western side was
defined as eastern middle and east Tennessee, the
southern side as north east Alabam a and northern
Georgia, and the eastern side a s up state Sou th
Carolina and western North C arolina . Also, even ts
were furthe r classified into nine subgroups according
to whether the tornado(es) occurred only west of the
Cum berland Plateau, only on the Platea u, only in the
Great Tennessee Valley, only in the southern
Appalachian Mountains, on both the Plateau, Valley
and/or Mountains, on both the Plateau and
Mountains but not in the Valley, south of the

Mountains (including near the opening of the Valley),
east of the Mountains, and south and east of the
Mountains. Outbreak events were also examined as
a sep arate classification with an outbreak defined for
this study as an event which p roduced five or m ore
significant tornadoes. Five tornadoes per event
seem ed a reasonable threshold for an outbreak
across the southern Appalachians, since a number
higher than five would have resulted in too few cases
for m eaningful evaluation and a num ber lower than
five may not have been an outbreak. An occurrence
of two or three tornadoes during one event c ould
have actually been the same tornado affecting
multiple counties, since the number of documented
tornadoes in Storm D ata corresp ond ed to how many
cou nties w ere a ffec ted.

Figu re 2. Im age of terrain feature s ac ross the sou thern App alachian region (lines den ote coun ty
bounda ries; bold lines denote state bou ndaries).
C om pos ite maps of all events, outbreak
events, and events from the three regions (western,
southern, and eastern) were constructed using the
NCEP/NCAR reanalysis dataset (Kalnay et al. 1996)
on the NOAA-CIRES Clim ate Dia gnostics Ce nte r’s

web site (http://www.cdc.noaa.gov/Composites/
Hour/). The para m eters ana lyzed with the com pos ite
maps included sea level pressure, surface
temperatures, surface relative humidity (to determine
dewp oints), surface wind speeds, 850 hPa

geopotential heights, 850 hPa wind speeds, 850 hPa
temperatures, 850 hPa relative humidity, 500 hPa
geopotential heights, 500 hPa wind speeds, 250 hPa

geopotential heights, and 250 hPa wind speeds.

Figure 3. Counties and states used to comprise the southern Appalachian region and
the locations of the surface obs ervation sites (bold lines denote state bou ndaries).
Each individual event was analyzed using
the three-hourly surface charts from the Natio nal
Clim atic Data Center (NCDC) closest to the time of
tornado occurrenc e. Many of these s urface charts
contained illegible or missing surface observations,
so the hourly surface observa tion s at Nashville
(BNA ), Crossville (CSV), Hunts ville (HS V), Atlanta
(ATL), Chattan ooga (CHA), Kn oxville (TYS), T riCities (TRI), Asheville (AVL), Hickory (HKY), and
Gree nville-Spartanbu rg (GSP) (Fig. 3) from the W eb
Search Store Retrieve Display (W SSRD ) website
(http://noaa.imcwv.com/login.asp) were us ed to
supplement and enhance the information on many of
the surface charts. If the observation at the time of
the surface c hart was con sidered unrepre sentative
of the tornado-producing airm ass (prim arily due to
outflow from thunderstorms), then the previous
hourly observation was used instead. Also, three
events (18 Febru ary 1956, 6 April 1958, and 21
March 1974) had to be removed from consideration
because the surface charts obtained were at the

wrong time.
The twe lve-hourly upper-air (850 hPa, 500
hPa, and 250 hPa ) cha rts from NCD C closest to the
time of tornado occurrence were also examined for
each individual event. Missing uppe r-air charts were
supplemented using the North American RAOB
Upper Air Produc ts on the P lymo uth State University
W e a t h e r
C e n t e r ’ s
w e b s i t e
(http://vortex.plymouth.edu/u-m ake.htm l). These
charts were used to determine the isoheight
patterns, winds, tem pera tures and dew points at the
850 hPa level, the winds and tilt of the isoheight
troughs at th e 500 hPa level, and the quadrant of
any jet streak in relation to the southern
Appalachians at th e 300 or 2 50 hPa level. The
southern Appalachians were considered near a 300
or 250 hPa jet s treak if the re gion was generally
with in 500 km or 300 m iles of the core of strongest
winds. On the 500 hPa charts, a trough was
considered negative-tilted if its axis was tilted west
roughly 15 0 of a north-south orientation and positive-

tilted if its axis was tilted east roughly 15 0 of a northsouth orientation.
Forecasting parameters found prim arily
from sounding data (such as C AP E and helicity)
were not exam ined in this study since there were no
sounding sites located within the southern
Appalachian region. The closest sounding sites
surrounding the are a of stud y were generally more
than 100 k m (60 m iles) aw ay. T hus, it was decided
that these soundings would not be represe ntative
enough to develop accurate conclusions.

Also, a secondary maxim a with around a fourth of
the events occurred from late autumn through the
winter (No vem ber th roug h Fe brua ry). This m onthly
distribution was similar to the Garinger and Knupp
(1993) Inte rior Southe ast su bregion clim ato logy.
Another interestin g statis tic in this study involved the
ratio of m ultiple torn ado events c om pare d to the total
number of events for each month. Events which
occurred in Novem ber and F ebruary were typically
associated with m ultiple tornado occurrences (71%
and 50% of the total eve nts fo r eac h m onth
respectively) while the num ber of outbreaks (5 or
m ore tornadoes per event) in Novem ber was the
second highe st and ne arly equ al to those in April.
The eight outbreak events in the southern
Appalachian region included 15 A pril 1965 (7
significant tornadoes), 27 May 1973 (5 ), 3-4 April
1974 (45 ), 4 April 1989 (10), 22 Nove m ber 1992 (5),
21 February 1993 (9), 27 March 1994 (22), and 10
No vem ber 2 002 (11).

3. DISCUSSION
a) Climatological statistics
An examination of the 94 significant
tornado events a cross th e southe rn Appalachian
region (corresponding to 1.7 events per year)
revealed that ne arly two-th irds of the events
occurred during the spring m onth s of March, Ap ril,
and May (Table 1) with A pril the most active month.

Table 1. Statistics of all tornado events by month across the southern Appalachians
All tornado events (1950-2003)
Jan
6

Feb

Mar

Apr

May

Jun

Jul

Aug

Sep

Oct

Nov

Dec

Tot

6

20

23

18

3

3

1

0

1

7

6

94

Events with two or more tornadoes (percentage compared to all events)
Jan

Feb

Mar

Apr

May

Jun

Jul

Aug

Sep

Oct

Nov

Dec

Tot

1

3

8

7

8

1

0

0

0

0

5

1

34

(17)

(50)

(40)

(30)

(44)

(33)

(0)

(0)

(0)

(0)

(71)

(17)

(36)

Events with five or more tornadoes (percentage compared to all events)
Jan

Feb

Mar

Apr

May

Jun

Jul

Aug

Sep

Oct

Nov

Dec

Tot

0

1

1

3

1

0

0

0

0

0

2

0

8

(0)

(17)

(5)

(13)

(6)

(0)

(0)

(0)

(0)

(0)

(29)

(0)

(9)

Most torna do e vents across the southern
Appalachians occurred o n the southern an d western
sides (83% ), while far fewer events occurred on the
eastern side (Table 2 ). T he secondary m axim a in
November and December can be seen best on the
southern side. It is also apparent on the we stern
side, but was non-existent on the eastern side. An
exam ination of the surface charts from the thirteen
November and December events revealed that drier
air was located across the eastern side during nine
of the events with a m ore than 3 0C (5 0F) dewpoint

difference during five events. Also, the peak m onth
for tornado events was found during the spring
months (March, April, and May) on all three sides,
but occurred later in the year (May) on the eastern
side. During the sum m er m onths (June, July, and
Augus t), the western side experienced the most
tornado events. T he upper-air charts from the
summ er months revealed that west or northwest flow
occurred during all sum m er events, which would
suggest that the mountains helped to disrupt or
change the environment of most tornadic

thunderstorm s as they moved from the western side
to the southern and eastern sides. An examination of
the eight outbreak events revealed that seven
produced significant tornadoes on the southern side
of the Appalachians, four on the western side, and
three on the eastern side (some events produced

tornadoes on multiple sides). The Super Outbreak of
3-4 April 1974 was the only event which produced
significant tornadoes on all three sides of the
southern Appalachians, and it also produced the
largest num ber (45).

Table 2. Statistics of tornado events by month across the western, southern, and eastern sides of the
southern Appalachians (some events overlapped categories)
W este rn side (ea stern m iddle and e ast T enn ess ee)
Jan
3

Feb

Mar

Apr

May

Jun

Jul

Aug

Sep

Oct

Nov

Dec

Tot

4

13

10

5

2

2

1

0

1

3

1

45

Southern side (northeast Alabama and northern Georgia)
Jan
1

Feb

Mar

Apr

May

Jun

Jul

Aug

Sep

Oct

Nov

Dec

Tot

3

7

13

9

0

1

0

0

0

6

6

46

Eastern side (upstate South Carolina and western North Carolina)
Jan
2

Feb

Mar

Apr

May

Jun

Jul

Aug

Sep

Oct

Nov

Dec

Tot

0

2

5

7

2

0

0

0

0

0

0

18

b) Syno ptic pa tterns of all eve nts
Co m pos ite maps of all the tornado events
(Fig. 4) revealed that an area of low pressure (~1007
hPa) was normally centered over the Mid W est with
an associated cold front extending south across west
Tennessee and the lowe r M ississippi river valley.
Southwest winds at the surface (averaging 5.5 to 6 .5
m s -1 or 11 to 13 kt) normally occurred across the
sou thern Appalachian region, with temperatures
averaging between 16.5 and 18.5 0C (62 and 65 0F)
and dew points between 15 and 17 0C (59 and 62 0F).
The 850 hPa composites revealed a trough across
the Great Lakes region with southwest winds
(averaging 14 to 15 m s -1 or 28 to 30 kt) occurring
ac r os s the southern Ap palachian re g i on.
Tem peratures at 850 hPa averaged between 11 and
13 0C (52 and 55 0F) w ith dew points between 8 and
9 0C (46 and 49 0F). Southwest winds (averaging
between 26 and 28 m s -1 or 52 and 56 kt) were also
norm ally observed at 500 hPa ahead of a n eutraltilted trough over the Mississippi river valley. At 250
hPa, the southern Appalachian reg ion was norm ally
located to the right of a jet streak (averaging 37 .5 to
39 m s -1 or 75 to 78 kt) with southwest winds
stretching from the southern Plains to the northeast
United States.
W hen com pos ite m aps of the events on
the western side (Fig. 5), southern side (Fig. 6), and
eastern side (Fig. 7) of the southern Appalachians

were compared, some similarities emerged such as
a low pressure area over the Mid W est. Also, som e
expected patterns emerged such as the thermal and
m oisture axes being located farther west for the
western events, fa rther sou th for th e southern
events, and farther east for the eastern events.
How ever, some interesting differences were also
noted. For example, surface winds were we aker with
the eas tern side events (5.5 m s -1 versus 7.0 m s -1
on the western and southern sides) even though the
surface low pressure area was slightly deeper (1006
hPa versus 10 07 hPa on the western a nd southern
sides). W ith the eastern side events, the 850 hPa
trough was m ore shallow com pared to the wes tern
and southern side events, resulting in weaker 850
hPa winds (14 m s -1 versus 16-17 m s -1). The
deepest 500 hPa trough was found with the southern
side events w hile the m ost s hallow troug h wa s with
the eastern side events. As a result, the 500 hPa
winds with the eastern side events were the
wea kest, averaging around 24 m s -1. Southern and
western side w inds were the stron ges t, averaging
around 28.5 m s -1. At 250 hPa, the western side
events were normally located near the right-exit
region of a jet streak (around 42 m s -1), wh ile the
southern and eas tern side events were located near
the right-entrance region of a jet streak (around 42 m
s -1 and 34.5 m s -1, respectively).

Figu re 4. C om pos ite m aps of all sign ificant tornad o events acro ss th e so uthe rn Appa lachian region with
(top left) surface isoba rs (hPa), (top right) 850 hPa isoheights (m ), (bottom left) 500 hPa isoheights (m ),
and (bottom right) 250 hPa isotachs (m s -1).

Figure 5. Same as Fig. 4, but for events on the western side of the southern Appalachians.

Figure 6. Same as Fig. 4, but for events on the southern side of the southern Appalachians.

Figure 7. Same as Fig. 4, but for events on the eastern side of the southern Appalachians.

Surface charts of individual events were
then examined to determine whether an event had a
tornado occurring near a boundary including cold
fronts, warm fronts , sta tion ary fronts, pre-frontal
troughs, or troughs north of an area of low pressure.
Rogash (1995) found that an overwhelm ing m ajority
of F2 or greater tornadoes developed within 100 km
of a surface therm al or m oisture boundary. In th is
stu dy, a tornado was also considered ne ar a
bounda ry if it occurred within 100 km (60 miles) of
the boundary. Of the 91 events with available
surface charts, 28 events had tornadoes occurring
near a pre-frontal trough, 24 near a cold front, 21
near a warm front, s even near m ultiple boundaries,
four near a stationary front, and three near a trough
north of a low press ure a rea. In addition, there were
18 events where the tornadoe s were no t near a
boundary. Cold fron ts were the m ost comm on
bounda ry observed with the western side events (10
out of 44 events), wh ile pre-frontal troughs were the
most com m on boun dary observed with the southern
side events (18 out of 44 events) and eastern side
events (8 out of 18 events). Cold fronts were
observed m ost often w ith the w este rn side events
(50% ), warm fronts with the western side events
(40% ), stationary fronts with the eastern side e vents
(50% ), pre-frontal troughs with the southern side
events (51%), m ultiple boundaries with the western
side events (55%), and troughs north of a low
pressure area exclusively with the western side
events. W hen the surface b oundaries w ere
compared to the terrain features, it was dis covered
that only 25% of the pre-frontal trough events on the
western side produced tornadoes in the Great
Tennessee Valley with most pre-frontal trough
tornadoes occurring either on the Cumberland
Plateau (50%) or w est of the plateau (25% ).
De wpo ints from the most representative observation
sites at the tim e clos est to tornado occurrence were
found for each event. Around 85% of the dewp oints
were found to be between 14 and 21 0C (58 and 70
0
F), wh ile around 54% were between 16 and 19 0C
(60 and 66 0F). The lowest dewpoint observed was
9 0C or 49 0F (on 26 M arch 195 5) and the highest
was 24 0C or 75 0F (on 12 Aug ust 1964 ).
Upper-air charts of each individual event
(with the exception of the 18 February 1956 charts
which were missing) were examined for any
interesting similarities or differences. Also, five 850
hPa charts were also unavailable or unreadable
including the 1 March 1952, 10 May 1952, 21
January 1953, 7 March 1956, and 23 January 1957
events. Most events had 850 hPa temperatures
between 10 and 15 0C (72 %) an d dew points m ainly
between 8 and 13 0C (74 %). The lowest 850 hPa
tem perature observed was around 7 0C on 8 April

1974 and 28 April 1980, while the highest was
around 23 0C on 10 July 1980. As for the 850 hPa
dewpoints, the lowest observed were around -1 0C
on 13 March 1961 and 8 March 1961 (although
these are suspect since they are 7 0C outliers) while
the highest were around 15 0C on 28 May 1973, 18
May 1984, and 27 Ju ne 1 994 . The 50 0 hP a ch arts
revealed that m ost events we re as soc iated w ith
southwest flow (65%). The other events observed
flow from the west (25% ), sou th (6%), and northwest
(4%). Northwest flow events were mainly during the
summ er months (three out of the four events) and
m ainly produce d tornadoes in the southern
Appalachian mountains (three of the four events).
Previous research (Giordano and Fritsch 1991,
Johns 1982) has also shown that northwest flow
events are primarily a summer phenom ena with a
major axis stretching from the upper Mississippi
Valley to the Mid-Atlantic region. Another interesting
finding in this stu dy was that four of the six tornado
events in the southern Appalachian m ountains were
associated with west or northwest flow at 500 hPa.
Of the 93 500 hPa charts, 68 (73%) observed
troughs with most (40) neutral-tilted (43%), 15
positive-tilted (16%), and 13 negative-tilted (14%). Of
the 90 total events with available 300 or 250 hPa
cha rts (three events had charts that were
unreadable), 83 events (92% ) were located near a
jet streak (generally within 500 km or 3 00 m iles of
the core of strongest winds). Of the 80 eve nts where
it was determined that the southern Appalachian
region was located near a particular quadrant, 63
events (79% ) were found on the right side of the jet
streaks with 31 events near the entrance region and
32 events near the exit region. Only 17 events (21%)
were found on the left side of the jet streaks with 16
near the exit region and only one near the entrance
region. Around 53% of the tornado events in the
southern Appalachian region (or 60% of those near
jet streaks) oc curred nea r the exit region of an
upper-level jet streak. This was similar to Rose et al.
(2004) who found that tornadoes occurred prim arily
under the exit regions of upper-level jet streaks with
a significant num ber oc curring under the right-exit
region (although less than the left-exit region).
c) Synoptic patterns of outbreaks
Co m pos ite maps of the eight outbreak
events (Fig. 8) revealed that a deeper area of low
pressure (~1000 hPa) normally occurred over the
Mid W est (compared to the com posite s of all
events). This deeper low produced stronger
southwest winds at the surface with wind speeds
averaging 8.5 to 9.5 m s -1 or 17 to 19 kt across the
southern Appalachian region. Surface temperatures

were only slightly warmer, averaging between 18 and
20 0C (64 and 68 0F) with dewpoints between 16 and
18 0C (61 and 65 0F). A deeper and positive-tilted
850 hPa trough was normally observed with the
outbreak events across the western Great Lakes
region resulting in stronger southwest winds
(averaging 18 to 20 m s -1 or 36 to 40 kt) across the
southern Appalachian region. Slightly warmer
temperatures at 850 hPa averaged between 12 and
14 0C (54 and 57 0F) with dewpoints between 10 and
12 0C (50 and 53 0F). A deeper and slightly positive-

tilted 500 hPa trough was also norm ally observed
west of the Mississippi river valley producing
stronger southwest winds (averaging betwee n 32 .5
and 37.5 m s -1 or 65 and 75 kt) across the southern
Appalachians. At 250 hPa, the southern Appalachian
region was normally located near the right-exit region
of a jet streak (averaging 47.5 to 50 m s -1 or 95 to
100 kt) over the southern Plains and lower
Mississippi river valley.

Figure 8. Sam e as Fig. 4, but for outbreak eve nts (5 or m ore significant tornadoes).
Individual surface charts of the eight
outbreak events revealed that six events (75%) had
tornadoes occurring near a pre-frontal trough, three
events (38%) near a cold front, and two e vents
(25% ) near a warm front (three events had
tornadoes near m ultiple boundaries). O f the six prefrontal trough events , six produced tornadoes across
the southern side, four across the eastern side, and
two across the western side. Of the three cold front
events, three prod uce d tornadoes across the
southern side, tw o across th e western side, and only
one across the eastern side. Of the two warm front
events, two produce d tornadoes across the w estern

side, one across the southern side, and none across
the eas tern side. Dewpoints during the outbreak
events were typically between 16 and 21 0C (in the
60s 0F) with the exception of the 21 February 1993
outbreak where de wpoints were between 12 and 15
0
C (in the mid to upper 50s 0F).
Exam ination of the upper-air charts from
each individual outbreak event revealed that 850
hPa temperatures were typically between 13 and 18
0
C (75 % of the events) with dewp oints typ ically
between 10 and 15 0C (75% of the events). The
outbreak events on 21 February 1993 and 4 April
1989 were the only two events that observed 850

hPa temperatures and dewpoints outside of the
typical rang e with 850 hPa temperatures around 10
0
C and dewpoints around 8 0C. W ind flow at 500 hPa
with the outbreak events was typically from the
southwest (five events ), while two events had winds
from the south (southern and eastern side events)
and one event had winds from the west (western
side event). Most outbreak e vents (63% ) were
associated with 500 hPa troughs with three positivetilted, one negative-tilted, and one neutral-tilted.
However, three events (including the Super
Outbreak) observed a closed 500 hPa low over the
southern or central Plains. All eight outbreak events
were located near a 300 or 25 0 hP a jet streak with
seven events found on the right side of the jet
streaks and only one on the left s ide. Four e vents
occurred near the right-exit region, three events near
the right-entrance reg ion, one event near the left-e xit
region, while none occurred near the left-entrance
region.
4. CONCLUSIONS
An examination of the 94 events which
produced significant tornadoes across the southern
Appalachian region (corresponding to 1.7 events per
year) revealed many interesting differences among
the ir synoptic patterns in re lation to the larg e-scale
terrain features. Most tornado events across the
southern Appalachians occurred on the southern
and western sides (83 %), while far fewer events
occurred on the eastern side. The peak season for
tornadoes was during the spring on all three sides of
the southern Appalachians, but a secondary m axim a
also occurred during November and Decem ber only
on the s outh ern a nd w este rn sides. S urface c harts
from the November and Decem ber events revealed
that drie r air was typ ically located across the e astern
side which may account for the lack of tornadoes on
the eastern side. Events du ring November were
typic ally ass ocia ted w ith multiple tornado
occ urrence s (71 % of its total events). Most tornado
events during the sum m er m onth s (June , July, and
Augus t) occurred across the western side of the
southern App alachians an d with w est to northwest
upper-level flow. This would suggest that the
mountains helped to disrupt or change the
environment of most tornadic thunderstorms as they
moved from the western side to the southern and
eastern sides.
Co m pos ite map s of all thre e events
revealed that the surface winds as well as the uppe rlevel troughs and winds were weakest with the
eastern side events, but were fairly similar with the
western and sou thern side e vents. The western side
events were normally located near the rig ht-exit

region of a 250 hPa jet streak, while the southern
and eastern side events were located nea r the rightentrance region. Ind ividual surface charts revealed
that most events acros s the southern Appalachians
occurred near a pre-frontal trough, especially across
the southern and eastern sides. C old fronts were the
m ost com m on boun dary obs erve d with the western
side events, while most pre-frontal trough tornadoes
on the western side occurred either on the
Cum berland Plateau or west of the plateau (but not
in the Great T ennessee Valley). Most surface
dew points were between 14 and 21 0C (58 and 70
0
F) and especially between 16 and 19 0C (60 and 66
0
F), while the lowest dewpoint was 9 0C (49 0F) and
the highest 24 0C (75 0F). Ind ividual uppe r-air ch arts
revealed that most events had 850 hPa
temperatures between 10 and 15 0C (72 %) and
dewpoints between 8 and 13 0C (74 %). The lowest
850 hPa temperature and dewpoint observed were
around 7 and -1 0C (although this dewp oint is
sus pec t) while the highest were around 23 and 15
0
C. Mos t events were ass ociated w ith southwest 500
hPa flow ahead of a neu tral-tilted trou gh, but we st to
northwest flow dominated during the summer
months and produced most of the tornado events in
the mountains. Most of the tornado events w ere
located near a 300 or 250 hPa jet strea k (92% ) with
most occurring on the right side (79%) and evenly
split between the entrance and exit regions. Only 17
events (21%) were found on the left side of a jet
streak with only one near the entrance region.
As for the eight outbreak even ts, there
were nearly always tornadoes observed on the
southern side. Com posite maps of the outbreak
events revealed a deeper surface low pressure area
and a deeper and positive-tilted 850 and 500 hPa
trough com pare d to the composites of all events. As
a result, stronger southwest winds at the surface,
850 hPa, and 50 0 hPa w ere obse rved with the
outbreak events. At 300 or 250 hPa, the southern
Appalachians were no rm ally located nea r the rightexit region of a jet streak over the southern Plains
and lower Mississippi river valley. Individual surface
cha rts of the eight outbreak events revealed that
most tornadoes occurred near a pre-frontal trough.
Surface dew points during the outbreak events were
typic ally between 16 and 21 0C (in the 60s 0F) w ith
the exception of the 21 February 1993 outbreak
where dewpoints were between 12 and 15 0C (in the
m id to upper 50s 0F). The individual upp er-air charts
revealed that 850 hP a tem peratures were typically
between 13 and 18 0C with dewp oints typ ically
between 10 and 15 0C. Southwest 500 hPa flow was
observed with most outbreak events along with a
positive-tilted 500 hPa troug h. All eight outbreak
events were located near a 300 or 250 hPa jet streak

with on ly one e vent on the left side. Mo st eve nts
occurred near the right-exit region or right-entrance
region with only one event near the left-exit region.
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APP EN DIX
Tornado dates (F2 intensity or greater) since 1950 across the southern Appalachian region
Date

Time (UTC)

F-scale (#)

Counties Affected

Geographic Area

February 14, 1952

04:40

3 (1), 4 (1)

Franklin TN, Grundy TN

west of plateau / plateau

February 29 -

23:00-01:30

2 (3), 3 (1)

McMinn TN, Warren TN,

plateau / valley / east of mtns

March 1, 1952

DeKalb AL, Banks GA

May 10, 1952

20:00

3 (1)

Greenville SC

east of mtns

January 20, 1953

23:41

2 (1)

Warren TN

west of plateau

May 2, 1953

08:15

2 (1), 4 (2)

Anderson TN, McMinn TN,

valley

Meigs TN
December 5, 1954

21:00

2 (1)

Bartow GA

opening of valley

March 6, 1955

01:00

2 (1)

Hawkins TN

valley along Clinch Mtn

March 25, 1955

23:30

2 (1)

Jefferson TN

valley

February 18, 1956

06:30

2 (1)

Walker GA

opening of valley

March 7, 1956

16:30

2 (1)

Overton TN

west of plateau

January 23, 1957

04:30

2 (1)

Coffee TN

west of plateau

April 8, 1957

12:00-21:30

2 (3)

Cumberland TN,

plateau / valley / opening of

Washington TN, Gordon GA

valley

November 18, 1957

22:30-22:45

2 (2)

Fentress TN, Chattooga GA

plateau / opening of valley

April 6, 1958

06:03

3 (1)

Jackson AL

start of plateau

March 27, 1959

00:10

3 (1)

Coffee TN

west of plateau / plateau

March 8, 1961

07:45

2 (1)

Catoosa GA

opening of valley

March 13, 1961

22:40

3 (1)

Warren TN

west of plateau

March 21, 1962

08:20

3 (1)

Cherokee GA

south of mtns

April 11, 1962

13:30

2 (1)

Cherokee GA

south of mtns

March 12, 1963

00:00-03:00

2 (3)

Cocke TN, Marion TN,

valley / Sequatchie valley /

Warren TN

west of plateau

March 20, 1963

00:15

2 (2)

Bradley TN, McMinn TN

valley

January 25, 1964

03:00

2 (1)

DeKalb AL

start of plateau

April 7, 1964

15:10

2 (1)

DeKalb AL

start of plateau

August 12, 1964

09:30

2 (1)

Sequatchie TN

Sequatchie valley

April 9, 1965

08:45

2 (1)

Avery NC

mtns

April 15-16, 1965

19:50-01:00

2 (3), 3 (4)

Bradley TN, Cumberland TN,

plateau / valley / south of mtns

Fentress TN, Knox TN,
DeKalb AL, Jackson AL,
Pickens GA
April 26, 1965

18:30

2 (1)

Cherokee GA

south of mtns

December 10, 1966

09:30

2 (1)

Stephens GA

south of mtns

March 12, 1967

11:30

2 (1)

Greene TN

valley

April 22, 1967

13:05

2 (1)

Greene TN

valley

May 3, 1967

00:10

2 (1)

Greenville SC

south of mtns

December 18, 1967

22:15

2 (1)

Floyd GA

opening of valley

May 30, 1968

01:00

2 (1)

Floyd GA

opening of valley

April 2, 1970

10:00

3 (1)

Forsyth GA

south of mtns

July 19, 1970

19:00

2 (1)

Bartow GA

opening of valley

May 15, 1972

02:30

2 (1)

Fentress TN

plateau

June 28, 1972

19:00

2 (1)

Cumberland TN

plateau

March 15, 1973

08:00

2 (1)

White TN

west of plateau

March 16, 1973

19:25-19:37

2 (2)

Chattooga GA, Gordon GA

opening of valley

April 1, 1973

01:00

2 (1)

Pickens SC

east of mtns

May 8, 1973

10:10

2 (1)

DeKalb AL

start of plateau

May 19-20, 1973

22:15-00:45

2 (2), 4 (1)

DeKalb AL, Jackson AL

plateau

May 27-28, 1973

20:15-03:30

2 (4), 3 (1)

Jackson AL, Greenville SC,

start of plateau / east of mtns

November 21, 1973

14:30

2 (1)

Stephens GA

south of mtns

December 13, 1973

13:50-17:20

2 (1), 3 (1)

Polk TN, Hall GA

valley / south of mtns

December 29, 1973

23:15

2 (1)

DeKalb AL

start of plateau

March 21, 1974

06:40

2 (1)

Polk TN

valley

April 3-4, 1974

18:00-13:00

2 (15),

Blount TN, Bradley TN,

valley / plateau / mtns

3 (14),

Cherokee AL, Coffee TN,

4 (15),

Cumberland TN, DeKalb TN,

5 (1)

Fentress TN, Franklin TN,

Oconee SC, Pickens SC

Jackson AL, Loudon TN, McMinn TN,
Monroe TN, Morgan TN, Overton TN,
Pickett TN, Polk TN, Putnam TN,
Scott TN, Warren TN, White TN,
Bartow GA, Cherokee GA, Dawson GA,
Fannin GA, Gilmer GA, Gordon GA,
Lumpkin GA, Murray GA, Pickens GA,
Rabun GA, Whitfield GA, Cherokee NC,
Graham NC, Swain NC, Caldwell NC
April 8, 1974

17:15

3 (1)

McMinn TN

valley

January 11, 1975

02:30

2 (1)

Transylvania NC

eastern mtns

April 24, 1975

21:30

2 (1)

Cumberland TN

plateau

May 18, 1975

07:00

2 (1)

Rutherford NC

east of mtns

February 18, 1976

19:07

2 (1)

Cocke TN

valley

May 15, 1976

03:10-03:15

2 (2)

Banks GA, Habersham GA

south of mtns

June 29, 1976

00:30

2 (1)

Jackson NC

mtn valley

March 30, 1977

14:15-16:30

2 (3), 3 (1)

DeKalb AL, Gilmer GA,

plateau / opening of valley /

Gordon GA

mtns

April 4, 1977

18:20-21:15

2 (1), 3 (1)

Jackson AL, Floyd GA

opening of valley

March 23, 1979

21:30

2 (1)

Greenville SC

east of mtns

May 24, 1979

21:57

2 (1)

Burke NC

mtns

April 13, 1980

23:58

2 (1)

Greenville SC

east of mtns

April 28, 1980

23:05

2 (1)

Monroe TN

mtns

July 6, 1980

19:00

2 (1)

Hancock TN

valley

July 10, 1980

18:30

3 (1)

Unicoi TN

mtns

April 26, 1982

22:15

2 (1)

Bartow GA

opening of valley

May 19, 1983

22:15

3 (1)

DeKalb AL

start of plateau

May 7, 1984

23:20

2 (1)

Loudon TN

valley

April 6, 1985

00:35-01:05

2 (2)

Cherokee GA, Pickens GA

south of mtns

February 6, 1986

22:18-22:38

3 (3)

Bradley TN, McMinn TN,

valley

Polk TN
May 10, 1988

00:25-00:33

2 (2)

DeKalb AL, Jackson AL

Sequatchie valley / plateau

April 4, 1989

18:22-21:55

2 (10)

Greenville SC, Oconee SC,

south and east of mtns

Banks GA, Bartow GA,
Cherokee GA, Floyd GA,
Habersham GA, Hall GA
May 5, 1989

21:00-23:28

2 (2), 4 (1)

Stephens GA, Caldwell NC,

east of mtns

Rutherford NC
November 16, 1989

00:05-00:30

2 (1), 3 (1)

November 22, 1992

14:00-18:10

2 (3), 3 (1), DeKalb AL, Cherokee GA,

February 21, 1993

21:35-22:45

Floyd GA, Habersham GA

4 (1)

Lumpkin GA

3 (9)

Anderson TN, Blount TN,

opening of valley / mtns
start of plateau / south of
mtns / mtns
west of plateau / valley / mtns

Cherokee AL, Knox TN,
Loudon TN, McMinn TN,
Monroe TN, Putnam TN, Roane TN
March 27-28, 1994

17:30-00:03

2 (1),

Cherokee AL, DeKalb AL,

3 (16),

Oconee SC, Bartow GA,

4 (5)

Cherokee GA, Dawson GA,

south and east of mtns

Floyd GA, Gordon GA,
Habersham GA, Lumpkin GA,
Pickens GA, Rabun GA, White GA
April 15, 1994

16:30-16:36

3 (3)

Bradley TN, Hamilton TN,

valley

McMinn TN, Meigs TN
June 27, 1994

00:30-04:30

2 (3)

Sequatchie TN, Grundy TN,

plateau / eastern edge of mtns

Oconee SC
February 16, 1995

11:31

2 (1)

DeKalb AL

start of plateau

April 21, 1995

18:25

2 (1)

Hamilton TN

valley

May 18, 1995

23:21

3 (1), 4 (1)

Cumberland TN, Jackson AL

plateau

March 16, 1996

22:05

2 (1)

Overton TN

west of plateau

November 7, 1996

22:00

2 (1)

Franklin TN

west of plateau

January 24, 1997

23:23-23:54

2 (2)

DeKalb TN

west of plateau

March 29, 1997

03:55-07:00

2 (2), 3 (2)

Overton TN, Sequatchie TN,

west of plateau / plateau /

April 22, 1997

20:53

2 (1)

Hamilton TN, Bradley TN
DeKalb AL

valley
start of plateau

May 2, 1997

23:00

2 (1)

Franklin TN

west of plateau

January 8, 1998

03:10

2 (1)

Pickens SC

east of mtns

March 20, 1998

12:25-12:40

3 (2)

Hall GA, White GA

south of mtns

April 16, 1998

22:35

3 (1)

Pickett TN

west of plateau

May 7, 1998

22:49-23:03

2 (1), 4 (1)

Caldwell NC, McDowell NC

east of mtns

December 16, 2000

20:59

3 (1)

Cherokee AL

south of plateau

October 25, 2001

04:28

2 (1)

Coffee TN

west of plateau

November 24, 2001

20:25-21:18

2 (2)

DeKalb AL, Cherokee AL

start of plateau

November 10-11,

23:50-07:25

2 (9), 3 (2)

Cherokee AL, Coffee TN,

west of plateau / plateau /

2002

Van Buren TN, Cumberland

opening of valley /

TN, Anderson TN, Bartow GA,

south of mtns

Cherokee GA, Pickens GA,
Dawson GA

