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The April 25-28, 2011 tornado outbreak affected a large region of the Res u |ts
southeastern U.S. and produced an extraordinary number of strong
tornadoes. Preliminary reports have suggested that the intensity of this
outbreak may be greater than any other outbreak observed in recent The Most Intense Tornado Outbreaks on Record: Societal Impacts, Continued
history, including the April 1974 “Super Outbreak”. .
Re S e a rc h Qu e St i O n S Tornado Outbreaks Geographic Region # of F/EF-Os [# of F/EF-1s [# of F/EF-2s [# of F/EF-3s | # of F/EF-as | # of F/EF-55 | Total Tornadoes | Total Track Length (miles) | Adjusted Fujita Miles | Ranking e o T e e e L e | APril 3-4, 1974 Super Outbreak April 26-28, 2011 Outbreak
April3-4, Lrh Midwest, Southeast 11 37 > April 25-28, 2011 71,292 38,772 23,476 50,261 11,366 1 S— = ' ——— S :~ N—
April 25-28, 2011 | South-Central, Southeast, Mid-Atlantic, Northeast 115 13 4 6,859.0 2 April 3.4, 1974 3,232 57,021 26,259 19,431 215,281 > e % ; (4. 1S U ] Wilometers ‘lﬁ, i kgl
March 13-14, 1990 Great Plains 10 21 13 10 2 2 58 1,218.6 3,903.4 3 November 21-23, 1992 | 15,866 44,040 4,809 3,363 - 141,119 3 . ¢ ) Bt o e
. ] ] . November 21-23, 1992 South-Central, Southeast, Midwest 12 36 26 15 f 0 95 1,219.8 2,871.9 4 M?V 4-8,2003 18,528 26,874 14,132 11,258 35,830 - 106,622 4
How does the intensity of the April 25-28, 2011 tornado outbreak rank among other major U.S. tornado April 11-12, 1965 _ Midwest 0 15 10 5 17 0 47 901.1 2,550.5 5 A veiame | lasa oo | e oy e R
. . May 4-8, 2003 Great Plains, South-Central, Southeast _ a2 25 13 6 0 256 1,351.9 2,442.1 6 April 16, 2011 9,282 5623 13,606 — — 83,001 7
outbreaks in the modern record (since 1950)? April 2930, 1954 Great Plains, South-Central 3 12 15 5 1 0 38 946.8 2,1856 7 May3L 1985 | a6 | 2001 | 209 | ses5 | el | 7ism | asam | @
May 26-29, 1973 Great Plains, South-Central, Southeast 20 39 33 10 3 0 105 999.1 2,084.7 B April 29-30, 1954 712 1,713 22,257 18,356 1,281 - 44,319 9
May 31, 1985 Mortheast 2 8 5 a8 6 1 30 5349 1,589.2 9 May 5-6, 1960 7,068 2,343 16,292 6,568 537 73 32,882 10
What were the societal impacts of the April 25-28, 2011 tornado outbreak and how do they compare to Mh;;v:é,l:ﬁ st Pl South Centra Z 0 9 : i i a i1 L1432 o Vaysises | | s | 4 | o | ab | i | se | b
other major U.S. tornado outbreaks in the modern record? Specifically, how does the population and e S = = = E : . = = =2 = Table 4. Ranking of the total population exposed (i.e. the
mobile home density along each tornado track relate to the intensity of the outbreak and the number Table 1. Ranking of the most intense tornado outbreaks on record across the contiguous U.S. by adjusted Fujita Miles (1950 to 2011). The ?:emnk;zztoit]?:::elet:::gg;ttnf;at&ef:gm?rjglzafha-reizctz|Of
of deaths and injuries? frequency of tornadoes by F/EF scale and total track length is provided for each outbreak. The maximum value in each category is highlighted. oopulation exposed by F/EF scale is also provided.for each

outbreak. The maximum value in each category is highlighted.

D ata a n d IVI Et h o d S Area (km?) 1,000/100,000/500,000 1,000,000 Figure 2. Tracks of strong and violent tornadoes (F/EF 3 and
April 3-4, 1974 7 40 31 95 1 006.000 /;’ ‘ //; greater) associated with the April 3-4, 1974 Super Outbreak
. o . . ’ e (left) and the April 26-28, 2011 outbreak (right) overlain on
Tornado Reports and Outbreak Classification April25:28, 2011 | 5 ) 37 70 Z opulation density (per km?).
pop y(p
May 4-8, 2003 2 15 34 43
Tornado data from 1950 to 2010 were obtained from the Storm Prediction Center (SPC) using the April 11-12, 1965 2 18 30 31
online SeverePlot tool. Tornado data from April 2011 were obtained in segmented form from the SPC. May 26-29, 1973 3 13 25 35 -
DIt 22 1N >€6 | . EETEETEEE Mobile Home Exposure
These segments were then connected to form individual events. This procedure was done in . . 2'1 >3 1005 3 - o 0
. . . . . . ovembper -£D,
consultatlo.n WI’Fh SPC. and the National Climatic Data Center. Only events east of the Rocky Mountains May 31 1985 2 19 0 0
Were used In thls prOJeCt' MaI'Ch 12'14, 1990 2 11 22 25 ; Total Mobile Home Exposure Associated with the 12 Tornado Outbreaks -
Apr|| 1 6 2 0 0 4 2 1 5 1 6 1 6 1 T::\riald; 31.:’!)2:':::5 F/EF-0 F/EF-1 Flllzl;-gz F/EF-3 F/EF-4 F/EF-5 Total Ranl(lng
Individual tornado events were aggregated into “outbreaks” using the definition from Grazulis (1993, May 8 1965 3 7 14 15 i/ \ e B T T N B B B e B N
1997) (i.e. a sequence of tornado events with no more than a 6 hour period between consecutive April 29-30,1954 | 1 5 10 15 M e ||| e A 1 73 T 3 S R
. . . . . . . aee A ; g HgT k0 2R k0 April 16, 2011 109 464 722 1,429 = = 2,724 6
events in the sequence). Daily weather maps were also examined to determine if individual events in oble 2. F ¢ strong tornadoes (F/EF2 and T - 138 | iet | e | 7 S I
: : ' aoie <. rrequency of strong tornadoes an Figure 1. Tracks of strong tornadoes (F/EF2 and greater) associated with the ey 31, 1985 2 i 5 R T T ;
the sequence were associated with the same synoptic-scale weather system. : - g & M2y 3,2 2 R ) e 2 pa >
G ynop Y greater) by spatial scale for the mos.t Intense April 3-4, 1974 Super Outbreak (left) and the April 26-28, 2011 Outbreak. archasia 19530 5 = = % o =53 o
outbreaks on record, ranked according to the The circles circumscribe regions in which the greatest frequency of May 8, 1965 2 6 126 21 1 9 189 12
Intensity Metrics aggregate frequency across all four scales (not shown) tornadoes were identified over four different spatial scales (km?). Table 4. Same as Table 3, but for mobile home exposure (i.e.
y number of mobile homes within 1 km of the tornado path).
Three metrics were developed to provide a quantitative estimate of the intensity of the outbreaks:
[ [ . P % ’ , |
° Millibar miles: the force Of the W|nd (|e med|an W|nd N Fujita Miles vs. Millibar Miles SOCIetaI ImpaCtS Of Major Tornado OUtbreakS- Figure 3. Same as Table 2, but overlain on mobile FEE < ‘
. . . . . e % { t bh e ’
speed by F/EF scale) multiplied by the distance over which e home density (per km?). ﬂ—;ﬁ%gk
the wind acts (L. track length) = How Does April 25-28, 2011 Compare? EL ARy
* Fujita miles: the F/EF level of the tornado multiplied by 2 Fatalities and Injuries . . .
the track length; a simpler measure that is highly M aj or Fl N d [ ngs
correlated with millibar miles (see Figure) SR Frequency of Fatalities Associated with the 12 Tornado Outbreaks
Tornado Outbreaks Geographic Region F/EF-0 F/EF-4 F/EF-5 Total Ranking . . . . . . . .
o i e e April 3-4, 1974 Midwest, Southeast 0 113 |G NSTON 1 * The use of adjusted Fujita miles provides an objective and simple metric to assess and compare the
F/EF level (0-5) * track length (miles) = Fujita miles M Miles April 25-28, 2011  |South-Central, Southeast, Mid-Atlantic, Northeast 0 2 166 98 303 2 intensity of tornado outbreaks. Only three of the top 10 most intense outbreaks since 1950 have
April 11-12, 1965 Midwest - 1 7 14 |DN2seN - 260 3 d th t two decad
. . May 31, 1985 Northeast 0 0 1 18 39 18 76 4 occurred over € paS WO decades.
* Because the reported F/EF level represents the maximum level assigned along each tornado track, May 4-8, 2003 Great Plains, South-Central, Southeast 0 0 0 21 19 - 20 5
these metrics overestimate the true intensity of the tornado. To account for this, an adjustment Ndy2:b31900 Great Plains, South-Central 0 0 2 > 21 > 33 6 0 il 25- il 3-
| nsity . J SO SNt South-Cantral Southeast Midwest o . 5 > 26 — The April 25-28, 2011 outbreak had more than double the number of tornad.oes than the April 3-4, 1974
factor was applied for each F/EF level using tornado segment data from the National Weather April 16, 2011 Southeast 0 0 ] 22 . . % 7 Super Outbreak. However, the 1974 Super Outbreak had more strong and violent tornadoes (F3 and
Service Verification Database (see Table) \ M:: 25:?929573 Great Plains, Zﬂuﬂt"gebtfa'r Southeast g F é 3 1; — zj g greater) and had a greater frequency (i.e. density) of tornadoes across a wide range of areas. The
Correction Factor Statistics for All Tornadoes ay s, reat rlains
EF-Level | Mean Adjusted EF-LeveItSta:er; Deviation Range (-1 -> +1) | Sample Size March 13-14, 1990 Great Plains 0 0 0 0 0 2 10 aggregate traCk |ength5 Of the OUtbrea ks are Comparable-
. 1 0.981 0.912-1.05 60 April 29-30, 1954 Great Plains, South-Central 0 0 1 0 0 1 11
* Density: the number of strong tornadoes (F/EF-2 2 1.818 1.456-2.18 32 4 ) ber of ad 4 | ) 1 95.98 2011 break o )
- - > 2769 25143024 31 * According to the number of adjusted Fujita miles, the April 25- outbreak is comparable to, but
and greater) per unit area across a range of circular : 350 2064 2,024 30 Table 3. The most intense tornado outbreaks on record across the contiguous U.S. by Adjusted Fujita Miles (1950 to 2011) ranked according does notgexceed the Aoril 3-4 1974 Su Jer Outbre’ak N:verthele;s these outbreaks cIe:rI stand ;\bove
regions (1,000,000 km? to 1,000 km?) ' — to the total number of fatalities. The number of fatalities by F/EF scale is provided for each outbreak. The maximum value in each category : P ’ _ P A _ S : y
is highlighted. all others in the modern record, with the next highest intensity exhibiting only a little more than half of
the adjusted Fujita miles.
. . Frequency of Injuries Associated with the 12 Tornado Outbreaks
Tornado Outbreaks Geographic Region F/EF-0 F/EF-1 F/EF-2 F/EF-3 Ranking . . . .
Assessment Of Societal Impacts and VUInerabIlIty April 3-4, 1974 Midwest, Southeast 1 * In terms of fatalities, the April 25-28, 2011 outbreak is comparable to the April 3-4, 1974 Super
Population and mobile home data at the census block group level were retrieved from the 1990 and April 11-12, 1965 Midwest __ - >3 - 2 Outbreak. However, the 1974 Super Outbreak had considerably more injuries, particularly among F5
. . April 25-28, 2011 South-Central, Southeast, Mid-Atlantic, Northeast 1 13 103 253 2,184 288 2,842 3 tornadoes
2000 U.S. Censuses. The 1990 census was the first census to survey both urban and rural regions of the May 31, 1985 e > : = S8 > 0 e n :
U.S. and was used for outbreaks prior to 2000. More recent outbreaks utilized the 2000 Census. May 26-29, 1973 Great Plains, South-Central, Southeast  [[NNNNGNNNN 38 42 206 513 - 801 5
November 21-23, 1992 South-Central, Southeast, Midwest 1 42 75 220 300 = 638 6 * The population density along all tornado tracks was slightly higher (~*5%) during the April 25-28, 2011
. ) . ] ] May 4-8, 2003 Great Plains, South-Central, Southeast 7 52 173 326 -- 560 7 . .
A Geographic Information System (GIS) was utilized to create a raster of population and mobile home April 16, 2011 Southeast 13 24 421 - - 480 g outbreak compared to the 1974 Super Outbreak. More notably, the density of mobile homes along all
density (1 km by 1 km spatial resolution) across the central and eastern sections of the U.S. Estimates of May[5:6, 1960 Great Plains, South-Central 0 8 21 45 119 81 274 9 tornado tracks was 34% higher during the April 2011 outbreak. This was most evident among EF-4
_ _ o o March 13-14, 1990 Great Plains 0 0 17 3 8 60 88 10 d hich ible f 9% of all fatalities f h break
population and mobile home density (i.e. exposure) within 1 km of each tornado track were computed May 8, 1965 Great Plains 0 0 3 0 3 1 0 11 tornadoes, which were responsible for 55% of all fatalities from the outbreak.
by overlaying these rasters on the tornado tracks and aggregating by outbreak. These numbers were April 29-30, 1954 Great Plains, South-Central 0 ! 37 22 0 - 60 12 U |

then compared with the number of reported fatalities and injuries in each outbreak as a preliminary , L ' We thank Greg Carbin of the Storm Prediction Center for sharing the 2011 tornado data |
L Table 4. Same as Table 3, but outbreaks ranked according to the total number of injuries. | . o |
measure of vulnerability. “and for his feedback on preliminary analyses. '
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