
Abstract

The media and public frequently use the term “tornado alley,” an unofficial term which is used to 
describe various parts of the United States that are perceived to have a high incidence of tornado 
occurrence.  This paper examined the history of the term “Tornado Alley,” as well as the lesser 
known term “Dixie Alley.”  A basic statistical analysis of the temporal and spatial occurrence of 
tornadoes and tornado-related casualties was done in each of these areas, both long term and in 
the recent years following the modernization of the National Weather Service. 
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c. “Dixie Alley”

Regarding the origin and location of “Dixie Alley,” 
the authors once again consulted those tornado experts 
previously cited, and researched numerous previous 
publications. Most experts referred the authors to Dr. 
Harold Brooks, but Dr. Brooks told us explicitly that he 
did not coin the phrase. The only source that knew the 
origin of “Dixie Alley” was former NSSFC Director Allen 
Pearson.  Mr. Pearson explained that he personally coined 
the phrase after working the Mississippi Delta outbreak 
of 21 February 1971.  This event had 10 long-track 
tornadoes that resulted in 121 deaths and over 1,500 
injuries.  Pearson compared that event with the Arkansas-
Tennessee outbreak of 21-22 March 1952, where 28 
tornadoes struck, killing over 200 people.  Both events 
were in the south, and Pearson coined the phrase “Dixie 
Alley” in 1971. One of the few websites defining Dixie 
Alley was from an article in USA Today Weather [Available 
online at:  http://www.usatoday.com/weather/tornado/
storms/1999/ndstue09.htm] which stated: “A third 
tornado focus is the so-called ‘Dixie Alley’, which runs 
from northeast Texas to northern Alabama, then skips 
over the southern Appalachians and reforms in North 
Carolina.”  

Since there was such limited formal documentation, 
it was difficult to compare the two tornado alleys.  As 
Grazulis (1993) stated in Significant Tornadoes, 1680-
1991 compendium, there is more than one tornado alley. 
“Any area that seems to experience above average tornado 
frequency is eventually labeled a ‘tornado alley.’ There are 
dozens of such regions.” There is also evidence of smaller 
tornado alleys across the United States based on a long 
track F3 to F5 tornado climatology study from 1880 to 
2003 (Broyles and Crosbie 2004).  This paper will bridge 
the gap between perception and reality by offering a basic 
statistical analysis of the frequency of tornadoes in the 
“Dixie Alley.”  In an effort to support the validity of a “Dixie 
Alley,” these statistics will be compared to those from 
“Tornado Alley.”

2.  Tornado Alley and Dixie Alley – A Historical 
Study

a. Background

The existence of “Tornado Alley” has been widely 
accepted by the meteorological community for decades, 
though as discussed in the introduction section, its 
exact spatial extent has had numerous interpretations.  
Without a definitive area to reference, the Tornado 
Alley referred to in this text should be considered the 
authors’ interpretation based on a collective of published 

perceptions.  Tornado Alley, hereafter referred to as the 
Plains Tornado Alley (PTA), includes all of Nebraska, 
Kansas and Oklahoma, and a large portion of northern 
and central Texas (Fig. 1).

The existence of a Dixie Tornado Alley (DTA) has 
been an idea cultivated through the observations of 
meteorological professionals who have lived in the 
southern states and those with severe weather forecasting 
experience.  The first statistical analysis suggesting the 
validity of a DTA was provided by Brooks et al. (2003) 
severe thunderstorm climatology.  A higher frequency of 
tornadoes was located from Louisiana through much of 
Mississippi and Alabama, when accounting for the mean 
number of days with tornadoes from October through 
December.  Broyles and Crosbie (2004) investigated 
the frequency of long-track (path length greater than 
25 miles) violent tornadoes (rated F3 to F5) across the 
United States from 1880 to 2003.  They discovered that 
two of the most prominent tornado alleys were located 
in central Mississippi and an area extending from 
western Tennessee into northern portions of Mississippi 
and Alabama. With these discoveries in mind, the DTA 
proposed by this investigation includes all of Arkansas, 
Louisiana, Mississippi and Alabama, western and central 
Tennessee, and northern and central Georgia (Fig. 1).

b. Methodology

Tornado data for both the PTA and DTA were 
gathered from the Storm Prediction Center’s ONETOR 
database [Available online at: http://www.spc.noaa.gov/
wcm/#data]. This database provides detail ranging from 
the physical attributes of each tornado (e.g., location, 
damage rating, path length and width), to the effects of 

Fig. 1.  A map outlining the Plains Tornado Alley, in red, and 
the Dixie Tornado Alley, in green.
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the tornado (e.g., injuries and fatalities).  The ONETOR 
database was developed by counts of tornado records, not 
individual tornadoes [Available online at: http://www.
spc.noaa.gov/wcm/SPC_severe_database_description.
pdf] . A vast majority of the records within the database 
are counts of individual tornadoes; however, duplicate 
records for a tornado exist within the database when 
a tornado crosses one or more state lines. Therefore, 
in order to develop a data set of individual tornadoes, 
records within the ONETOR database were pared down 
to exclude duplicate counts of tornadoes.  In addition, 
tornado segments outside of the boundaries of the PTA 
and DTA were excluded and tornadoes that moved from 
one alley to another were segmented into two separate 
events (one for each alley).  For this study, reports of 
tornadoes from 1950 through 2007 were interrogated.  

From this subset of the ONETOR database, raw tornado 
statistics for each alley were extracted, including the 
frequency of all tornadoes, the frequency of strong and 
violent tornadoes (F2/EF2 or greater on the Fujita Scale), 
the number of casualties, and the frequency of killer 
strong and violent tornadoes.  In order to draw a more 
accurate one-to-one comparison of the DTA and the PTA, 
statistics have been normalized for both spatial area 
and population.  The PTA spans 407,734 mi2, dwarfing 
the DTA, which covers 276,890 mi2. According to the 
2000 United States Census [Available online at: http://
quickfacts.census.gov/qfd/index.html, the population of 
the DTA was 24,948,345, while the population of the PTA 
was 17,824,023.

c. Comparison of the Dixie Tornado Alley and the Plains 
Tornado Alley

Without question, the PTA is second to none when it 
comes to overall tornado frequency.  Over 13,500 tornadoes 
were reported in the PTA, with over 7500 tornadoes 
reported in the DTA.  However, when considering strong 
and violent tornadoes (rated F2/EF2 to F5/EF5 on the 
Fujita scale), the annual frequency of tornadoes is much 
more comparable between alleys.  Over 2850 strong 
and violent tornadoes were reported in the PTA, with a 
little over 2450 reported in the DTA. Normalizing these 
frequencies by area (10,000 mi2) produces similar results 
for the overall frequency of tornadoes.  The normalized 
frequency of all tornadoes for the PTA outpaces that of 
the DTA, with 332 and 276 tornadoes per 10,000 mi2, 
respectively.  For strong and violent tornadoes, however, 
the DTA has a higher frequency than the PTA, with 89 and 
70 tornadoes per 10,000 mi2, respectively.

While both the PTA and DTA observe similar 
frequencies of strong and violent tornadoes, each alley 
has unique distributions of strong and violent tornado 

reports by month (Fig. 2) as well as by the time of day (Fig. 
3).  In the PTA, 72% of the observed strong and violent 
tornadoes occur during the three-month period from 
April through June.  In the DTA, only 38% of the observed 
strong and violent tornadoes have been observed from 
April through June.  In the DTA the risk for strong and 
violent tornadoes is spread out over two distinct seasons. 
Like the PTA, there is a maximum in the frequency of 
tornadoes during the spring season; however, there is 
a prominent, secondary peak in tornado frequency in 
November.  The differences in the frequency of strong and 
violent tornadoes are most pronounced in the months 
from October through February.  In the DTA, 40% of 
strong and violent tornadoes have occurred during this 
time frame, while only 10% have occurred in the PTA.

When considering the time of day (Fig. 3), it is evident 
that the vast majority of strong and violent tornadoes 
occur during the afternoon and early evening hours (12 
PM to 9 PM, Central Standard Time).  Seventy-six percent 
and 59% of all strong and violent tornadoes occur during 
this time frame in the PTA and DTA, respectively.  During 
the overnight hours (9 PM to 7 AM CST), the frequency 
of strong and violent tornadoes in the PTA decreases 
substantially to 19%. While the DTA also shows a decrease 
in frequency during the overnight hours, 29% of strong 
and violent tornadoes occur during this time frame.

Casualties sustained by each tornado alley also vary 
considerably in both amount and timing.  While the DTA 
is smaller in geographic coverage as compared to the 
PTA, over 7 million more persons reside in the DTA than 
the PTA, per the U.S. Census Bureau [Available online at 
http://quickfacts.census.gov/qfd/index.html]. Figures 
4-5 highlight the distribution of fatalities and injuries for 
the DTA and PTA by month.  A higher incidence of fatalities 
and injuries have been reported in the DTA as compared 
to the PTA (in the DTA 1705 fatalities and 26,026 injuries 
were reported, while in the PTA nine hundred ninety-one 
fatalities and 14,709 injuries were reported.)  One would 
expect that the DTA would incur more casualties given that 
a larger population lives within this alley.  Normalizing 
the amount of casualties by 100,000 people confirms that 
the DTA has been slightly more dangerous than the PTA.  
The DTA has observed 6.8 fatalities and 104 injuries per 
100,000 people, while the PTA has observed 5.6 fatalities 
and 83 injuries per 100,000 people.  As expected, the 
majority of the reported casualties in the PTA, 88% of 
fatalities and 84% of injuries, occur between April and 
June.  During this same time frame, only 35% of fatalities 
and 38% of injuries occur in the DTA.  Far more fatalities 
(64%) and injuries (61%) occur from the period October 
through March in the DTA.

Killer strong and violent tornadoes (Fig. 6) are most 
common in the DTA.  Three hundred seventy-one killer 
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Fig. 2.  The frequency of strong and violent tornadoes by month in the Plains Tornado Alley 
(red) and the Dixie Tornado Alley (green).

Fig. 3.  The frequency of strong and violent tornadoes in the Plains Tornado Alley (red) and the 
Dixie Tornado Alley (green) by hour (CST).
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Fig. 4.  The frequency of all tornado-related fatalities by month in the Plains Tornado Alley (red) 
and the Dixie Tornado Alley (green).

Fig. 5.  The frequency of all tornado-related injuries by month in the Plains Tornado Alley (red) 
and the Dixie Tornado Alley (green).
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tornadoes have been observed in the DTA, with 205 in 
the PTA.  Normalizing the frequency of killer strong and 
violent tornadoes by area (Fig. 7) further demonstrates 
the disparity between the DTA and PTA. In the months 
spanning October through March, 8.4 and 1.0 killer 
strong and violent tornadoes were observed per 10,000 
mi2 in the DTA and PTA, respectively.  Meanwhile, in the 
months spanning April through June, 4.7 and 3.9 strong 
and violent tornadoes were observed per 10,000 mi2 in 
the DTA and PTA, respectively.  While both the DTA and 
PTA exhibit a maximum risk of killer strong and violent 
tornadoes around April, the DTA demonstrates a much 
more substantial risk during the late fall and winter 
months.  

Figure 8 highlights the distribution of killer strong and 
violent tornadoes by time of day.  As is the case with all 
strong and violent tornadoes, the vast majority of killer 
strong and violent tornadoes occur during the afternoon 
and early evening hours (12 PM to 9 PM Central Standard 
Time).  Seventy-six percent and 62% of killer strong and 
violent tornadoes occur during this time frame in the 
PTA and DTA, respectively.  During the overnight hours (9 
PM to 7 AM CST), there is a noticeable difference in the 
frequency of killer strong and violent tornadoes.  While 
21% of killer strong and violent tornadoes occur during 
the overnight in the PTA, an alarming 34% of killer strong 
and violent tornadoes occur during the overnight in the 
DTA.   The DTA has nearly twice the number of incidence 
of strong/violent tornadoes during the Midnight to Noon 
time period than the PTA, and this obviously includes 

the timeframe when most people are asleep and more 
vulnerable to tornado related injury or death.

3.   Post-NWS Modernization Statistics

In addition to the long-range statistics discussed in 
the previous section, a separate analysis was also made 
for the time period after the modernization of the NWS 
(post-modernization era, or PME).  The rationale for 
looking at this time period separately is that with the 
advent of operational Doppler radar, NWS personnel are 
more aware of mesocyclones over sparsely populated 
areas, which prior to Doppler radar might have gone 
undetected.  These mesocyclones would be capable of 
producing tornadoes which were more likely to have 
gone unreported during the conventional radar era. This 
is particularly the case for the DTA where storm spotting 
is extremely difficult due to forestation, hilly terrain, and 
the diffculty in storm spotting due to lower cloud bases 
and more frequent night time events.  Therefore, the 
Doppler time period might yield different results than 
the relatively longer time frame when only conventional 
radar was generally used.  Of course, the  much shorter 
Doppler period of analysis introduces an inherent error 
source that would most likely be smoothed in a longer 
term analysis.  Thus, this drawback must be kept in mind 
when drawing any conclusions from these results.

The methodology used in calculating the post-
modernization statistics differs from that previously 
described in a few key ways.  First, the period evaluated 

Fig. 6.  The frequency of killer strong and violent tornadoes by month in the Plains Tornado 
Alley (red) and the Dixie Tornado Alley (green).
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Fig. 7.  The frequency of killer strong and violent tornadoes by month, normalized by area 
(per10,000 mi2) in the Plains Tornado Alley (red) and the Dixie Tornado Alley (green).

Fig. 8.  The frequency of killer strong and violent tornadoes in the Plains Tornado Alley (red) 
and the Dixie Tornado Alley (green) by hour (CST).
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is a nine-year period from 1998 to 2006.  Selection of 
this time period is of course somewhat subjective, but 
based on the authors’ experience it was felt that 1998 
best demarcated the full modernization of the NWS 
from a severe convection perspective due to the full 
implementation of the Weather Surveillance Radar (WSR-
88D ) system.  Secondly, because of the desire to look at 
verification statistics in this part of the study as well as 
potential concerns about the ONETOR database at the 
very end of the study period, NWS Storm Data [Available 
online at http://www4.ncdc.noaa.gov/cgi-win/wwcgi.
dll?wwEvent~Storms] was used to calculate the statistics 
rather than ONETOR.  This means that instead of looking 
at actual tornadoes, we are looking at county-based 
tornado events.   This introduces a potential bias since 
areas with more numerous, smaller counties will likely 
have somewhat more reports than those areas with 
fewer but larger counties.  Because most tornado tracks 
are relatively short (< 20 km), it is expected that this bias 
should be relatively minimal, but could result in numbers 
that are slightly tilted toward the DTA region, where 
counties are generally smaller than in the PTA area.

The overall trend of tornado reports during the PME 
was not unexpected given the results found from the 
longer term study.  Overall, there were about 50% more 
reports of strong tornadoes from the DTA region (384) 
than PTA (265).  When looking at killer tornadoes, the 
dominance of the DTA region is very clear.  A total of 79 
killer tornadoes occurred in this region during the period 
of study, compared to only 24 in PTA.  The number in the 
DTA comprised more than one-third (36.9%) of all killer 
tornadoes in the United States during the 1998 to 2006 
period, while correspondingly the killer 
tornadoes in  PTA comprised only 12% 
of the national total.
	 Figure 9 shows the annual trend of 
strong tornadoes in both alleys during 
the PME period, using the simple 
normalization of dividing the number 
of tornadoes by the area of each alley 
(expressed as tornadoes per 10,000 
mi2).  As can be seen, both alleys show a 
distinct maximum in the spring months, 
with the DTA’s decreasing after April 
and PTA’s decreasing after May, and 
DTA’s larger in magnitude.  However, 
DTA shows a pronounced fall maximum 
in November, much larger than PTA’s 
spring maximum, which the PTA does 
not show in any significant manner 
(there is a small increase in frequency 
during October).  After a decrease from 
November into December, the DTA trace 

actually increases again in January before decreasing into 
February and March before reaching its spring peak in 
April.  This trend is in contrast to the longer term statistics 
which show a relative minimum in December and January 
before increasing up to the peak in April. 

Comparing the two alleys’ traces reveals the magnitude 
of the PTA spring peak was greater than that of DTA, 
while the fall peak is clearly much larger (by nearly an 
order of magnitude) in the DTA than the PTA.  While the 
PTA trace reaches zero or near zero for several months 
of the year (July through September, November through 
February), the incidence of strong tornadoes during the 
PME only approached or reached zero in DTA during the 
summer months.  Tropical cyclone landfalls increased the 
incidence of tornadoes during the late summer, and cool-
season tornado events led to strong tornado occurrence 
at a rate of at or above .05 per 10,000 mi2 for all winter 
and spring months other than December.  The total annual 
incidence of strong tornado events per 10,000 mi2 was 
1.74 for DTA versus 0.81 for PTA.

While there exists potential biases or errors in the 
data which might lead to an artificial inflation of the 
number of strong tornado events in DTA versus PTA 
(greater population density, possibility of more active time 
period, and smaller counties), the fact that the DTA had an 
incidence nearly three times as great as that of PTA seems 
to clearly support the premise that strong tornadoes are at 
least as common in the DTA region as PTA.  Perhaps more 
importantly, the much larger number of killer tornadoes 
in the DTA region would indicate that a combination of the 
rate of strong tornado occurrence combined with other 
factors (e.g., both meteorological and socioeconomic as 

Fig. 9.  The per annum frequency of strong and violent tornadoes by month, 
normalized by area (per 10,000 mi2), for the Plains (red) and Dixie Alley (green) 
areas, for the PME (1998-2006).

Strong Tornadoes 98-06
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discussed in the next section) means that the DTA region 
was much more susceptible to tornado-induced loss of life 
than the PTA region.   

4.  Conclusion

The purpose of this work is not to provoke scholarly 
arguments over the “champion” area as far as tornado 
incidence.  Rather, it is to show that public and media 
perception is just that, perception, and that reality is often 
more complicated.  Recent outstanding work by Ashley 
(2007) and Ashley et al. (2008) has helped to illustrate 
the complexity of the United States’ tornado vulnerability, 
and the potential for the mid-South and Southeast to be 
“overlooked” by the focus on “Tornado Alley,” including 
discussions of the potential socioeconomic factors (e.g., 
higher incidence of mobile home use) which will not be 
restated here. While the various biases associated with 
tornado reporting make any one-to-one comparison 
between “Tornado Alley” and “Dixie Alley” difficult at 
best, the statistics outlined in this paper make several 
clear points  

First, both the monthly and diurnal distributions of 
tornado incidence are much different in the DTA than in 
the PTA.  In the DTA, the risk of a strong or killer tornado 
on the day of peak risk is substantially less than the risk 
on the peak day in the PTA.  However, this peak is much 
less pronounced in the DTA, and the annual incidence in 
the DTA can be viewed as more of a persistent, moderate 
risk through much of the year rather than an extreme risk 
during a more confined “season” as is observed in the PTA.  
When the more sustained risk of the DTA is added up over 
an entire year, it seems clear that even when taking any 
potential data biases into account, the DTA has at least as 
great a risk of strong/violent tornadoes as the PTA, and 
certainly has a greater risk of killer tornadoes than the 
PTA.  

Additionally, the DTA has about a 50% greater risk of 
strong tornadoes during the overnight hours, with over a 
third of its killer tornadoes occurring between 9 pm and 
7 am.  The annual and diurnal distribution of the tornado 
risk in the DTA has a substantial impact on preparedness 
and warning dissemination efforts in this area.  Clearly, 
residents and emergency personnel in the DTA must 
maintain a level of tornado preparedness throughout 
most of the year, which contrasts to the PTA in which the 
NWS, emergency management and media can focus their 
preparedness activities around the “tornado season” of 
late March through June (although occasional atpyical 
events do occur outside of the “season” here as well).  
Warning dissemination and preparedness activities in 
the DTA must also account for the greater frequency of 
overnight tornadic activity as well, although clearly there 

is sufficient risk of such events in the PTA to ensure that 
residents there also do not discount the risk of nighttime 
tornadoes.  Another concern is that cool season tornadoes 
are often moving at a greater speed than storms in the 
warm season, potentially leading to less time for people 
to take shelter.

The challenge facing operational meteorologists in 
the DTA can be summed up looking at statistics from the 
last 20 years.  Between 1986 and 2005, SVRPlot [SPC 
online storm report program, available at: http://spc.nssl.
noaa.gov/climo/online/sp3/plot.php] shows that 504 
people have been killed by tornadoes in the two “alleys” 
combined.  Seventy-five percent of these fatalities (377) 
occurred in the DTA.  On average, a strong tornado in the 
DTA is associated with 0.44 fatalities, more than twice the 
rate as in the PTA (0.18).  Also, NWS verification statistics 
during this time period show that the probability of 
detection (POD) and lead time (LT) for strong tornadoes 
is greater in the PTA than the DTA (POD:  .80 versus .68; 
LT:  13.6 min versus 10.2 min).  

The disparity in verification skill is likely in large 
part due to the inability to effectively spot storms in the 
southeast United States due to heavy forestation, and it 
should be noted that this disparity has shrunk markedly 
since NWS modernization introduced Doppler radar into 
warning operations [POD:  .75; (1996-2005) versus .45 
(1986-1995); LT: 12.6 min versus 6.1 min].  Still, tornado 
events associated with large numbers of fatalities continue 
to be a serious risk in the DTA even with improved 
warnings, as shown by the 2008 Super Tuesday outbreak.  
This outbreak killed 57 people, nearly all in the DTA, 
even with advance warnings issued for all of the killer 
tornadoes.  Clearly, if the fatality rate is to be decreased 
substantially in the DTA, improved meteorological science 
and warnings will not be sufficient, at least not in the near 
term.  At least as important will be a commitment by the 
operational meteorology community to better understand 
public response through an increased focus on social 
sciences, as well as increased understanding among the 
public and government officials of the significant risk 
from tornadoes faced by the region. 
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