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1. INTRODUCTION 

Two major tornado out breaks in 1984 and 1985 
(Tab l e 1) occurred in eastern portions of the 
United States and Canada where tornadoes are 
less common than in the Plains or Midwest. 
The storm characteristics unique to these out
breaks warrant detailed s tudy to resolve the 
difficul ty with which watches and warnings are 
issued. A study of the Carolinas Outbreak 
follows. 

Table 1. A comparison of the Carolinas Outbreak in 1984 
and the Ohio-Pennsylvania-New Yor k-Ontario Outbreak in 
1985. 

Dates Location Deaths F5 F4 F3 F2 Fl FO Path(mi) 

3/28/ 84 NC SC 57 0 7 5 7 3 0 310 

5/31/85 OH PA 95 1 9 8 5 0 0 522 
NY ON 

*Totals for the 5/ 31/ 85 outbreak are preliminary. 
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Fig. l Isobars of the minimum altimeter setting in 
inches. The wind at the time of the minimum press
ure is plotted at each station. 

2. MESOCYCLONE 

An analysis of t he minimum altimeter settings 
reported from the 74 surface stations in Figure 
l revealed the existence of a mesocyclone that 
moved along the path of major tornadoes. 
Apparent ly, the mesocyc lone deepened rapidly 
while it passed over Atlanta, GA, reaching its 
deepest central pressure in South Carolina. 

Aerial mapping of the outbreak tornadoes showed 
t hat t here were four tornado families, A, B, C, 
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Fig. 2 Pressure t r aces at stations 
along the path of tornadoes. 

and D. Of t hese, Fami l y B consist ed of 13 tor
nadoes, al l of which were located near the cen
ter of the mesocyclone. 

3. SURFACE MAPS AND RADAR ECHOES 

Figures 3-7 present surface maps superimposed upon 
composite echos from the Centerville, AL, Athens, 
GA, Charleston, SC, Wilmington, NC, and Hatteras, 
NC radars. 



At 1400EST, a disorgani,ed squall line was accom
panied by four activity areas. Two hours later 
at 1600EST, it passed over Athens with a deep 
mesocyclone located along the front. The meso
cyclone reached its deepest stage at 1800EST as 
it approached the South Carolina-North Carolina 
border . It began producing the tornadoes of Fam
ily B about one hour prior to its deepest stage. 
The mesocyclone weakened by 2000EST, but still 
spawned tornadoes No. 13 (F4), 14(F3), 1S(F4) , and 
16(F2) thereafter. The mesocyclone became a weak 
mesolow by 2200EST as the last tornado (No. 16) 
occurred, signaling the end of the tornado family . 

4. CLOUD-TOP TEMPERATURE 

During the passage of the squall line across the 
eastern states, AL, GA, SC, and NC, the GOES East 
satell ite took pictires and made infrared measure
ments at 15 minute intervals. Figure 8 presents 
infrared temperature fields superimposed upon 
radar pictures. The first cloud which spawned the 
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Fig. 3 Surface map at 1400EST 28 MAR 1984 

Fig. 5 Surface map at 1800EST 28 MAR 1984 

Fig. 6 Surface map at 2000EST 28 MAR 1984 

Fig. 7 Surface map at 2200EST 28 MAR 1984 
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Fig. 8 IR temperature field superimposed upon radar echoes. The time at the upper
leEt corner denotes the Picture Start Time. The actual scan time over the tornado area 
is 6 to 7 minutes later. 

outbreak tornadoes (Cloud A) formed at 1330EST, 
approximately three hours prior to the first tor
nado . Two hours later at 1530EST, Cloud A split 
into Cloud Al and A2, later to be identi fied as 
Cloud A and Cl oud B because t hey spawned tornado 
families A and B, respectively. 
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The sequence of IR temperature patterns shows the 
stage of Cloud A from its initiation to 1545EST 
when the cloud- top temperature decreased rapidly. 
The cooling rate was 33°C per hour during the 
first hour, and 20°C per hour during the next 45 
minutes. The cloud-top temperature increased 
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Fig. 9 Time variations 
of the cloud- top temper
ature, tornado activity, 
and cloud area. Clouds 
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Fig. 10 Frequencies of cloud- top temperatures 
when tornadoes were not occurring, and when 
specific F-scale tornadoes were on the ground. 

slightly after the coldest top split into Al 
(Cloud A) and A2 (Cloud B). 

5. TORNADO AND IR TEMPERATURE RELATIONSHIP 

~ 
19 

In tornado forecasting and the issuance of warn
ings, it is important to establ ish the relation
ship ,of the tornado ' s occurrence and intensity 
(F scale) to its co?"Tesponding cloud-top temper
ature measured by satel lite . Figures 9 and 10 
were produced for this purpose. The cloud t op 
in these figures is defined as being the coldest 
cloud top wi thin 10 mi l es (16 km) of the tornado 
on the ground. In the case that no tornado is 
on the ground, its extrapolated or interpolated 
position was used. 

o A, B, c, and D were as
sociated with tornado 

-~--sc------Nc- families A, B , c, and D, 
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2 1 22 23EST 
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respectively. There 
were three downbursts 
which are shown by rec
tangular boxes (unpaint
ed). 

Picture start times are 
in GMT and vertical l ines 
are placed at actual scan 
times which are 6 t o 7 
minutes later than the 
pict ure start times . 

Cloud B, having spl it fr om the initial cloud, A, 
was a right-deviat ing c loud top (see 1530 and 1545 
GMT charts in Fig. 8) that warmed, or sank, after 
the split at 1515EST (2015GMT) . The cloud spawned 
Tornado Family B, consisting of 13 tornadoes with 
the mean scale of F3. 3. Most of the deaths were 
caus ed by this fami ly. 

Cloud C had the coldest cloud top and spawned Tor
nado Family C containing five tornadoes with the 
mean scale o f F2 . 2. Cl oud D spawned Tor nado Family 
D cons i sting of only one t ornado, No. 22(F2). 

The composite area of Clouds A+B+C i ncr eased during 
the tornadoes, and continued t o increase after the 
last tornado. At the onset and end of t he tornado 
occurrences, the -50°C temperature area was 20 and 
260 km square, respectively , indicating that area 
itself is unrelated to tornado activity. 

CONCLUSIONS 

The Carolinas Tornadoes on 28 March, 1985 were very 
strong, but as this study revealed , their occurrence 
and intensi t ies (F scale) di d not rel ate well to the 
cloud-top temperature (Fig . 10) or its time varia
tion (Fig . 9). It will be necessary to study other 
cloud-top characteristics such as shape and rotation , 
a long with their time variations, t o so l ve this prob 
lem. Further investigation of this and the 31 May , 
1985 outbreaks is planned. 
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