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Fig. ES1. Regional reflectivity showing (a) early morning MV in northeast 
Mississippi and bowing QLCS in central Mississippi, (b) a dominant MV and 
associated QLCS in north and central Alabama that produced numerous 
tornadoes, (c) midday tornadic QLCS in extreme north Alabama, and (d) 
numerous afternoon tornadic supercells in Mississippi and Alabama. An 
animation (2355 UTC 26 Apr–2255 UTC 27 Apr 2011 in 15-min intervals) is 
available online (http://vortex.nsstc.uah.edu/uahsevere/April27/April27.gif).

OVERVIEW OF THE 27 APRIL 2011 
TORNADO OUTBREAK. This supplement 
includes animations of regional radar composites, 
individual radar animations, soundings, and mis-
cellaneous supporting figures for each of the three 
components of the outbreak: 1) the early morning 
mesoscale convective system (MCS)/quasi-linear 
convective system (QLCS), 2) the midday QLCS over 
northern Alabama, and 3) the afternoon–evening 
supercell storms that produced the majority of dam-
age and fatalities.

Radar overview of 27 April 2011 tornado outbreak. The 
full view of radar reflectivity factor composite im-
ages in Fig. ES1 covers the period 2355 UTC 26 April 
(about 6 h prior to the beginning of the outbreak 
component, defined as 0500 UTC 27 April 2011 or 
0000 CDT local time) to 2255 UTC on 27 April 2011. 
This animation terminates about 7 h before the de-
fined ending of the outbreak owing to the significant 
decrease in quality of the composite images after a 
communication failure (line severed by a tornado) 
with the Hytop, Alabama (KHTX), Weather Surveil-
lance Radar-1988 Doppler (WSR-88D).
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Fig. ES2. (left) Reflectivity factor and (right) radial velocity from KGWX at 
0658 UTC. An animation (0658–0940 UTC) is available online (http://vortex 
.nsstc.uah.edu/uahsevere/April27/KGWX_Morning_0658-0940.gif).

THE EARLY MORNING QLCS. MCS evolution. See Figs. ES2 and ES3.

Fig. ES3. As in Fig. ES2, but from KBMX at 0940 UTC. The label RAW is the 
ARMOR radar location. An animation (0940–1211 UTC) is available online 
(http://vortex.nsstc.uah.edu/uahsevere/April27/KBMX_Morning_0940-1211.gif).
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Proximity soundings. See Fig. ES4.

Fig. ES4. 1200 UTC soundings from (top left) Jackson, Mississippi (KJAN); 
(top right) Birmingham, Alabama (KBMX); and (bottom) Redstone Arsenal, 
Alabama (RSA). The RSA and KBMX soundings sampled the wake of the early 
morning QLCS, where the depth of the cold pool is about 2 km.
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Fig. ES5. Reflectivity factor from KHTX at 1140 UTC. 
An animation showing 1000–1300 UTC is avail-
able online (http://vortex.nsstc.uah.edu/uahsevere 
/April27/20110427_10_13_UTC_HTX_loop.gif).

Dual-Doppler analysis of the mesoscale vortex. Here 
we present additional results from the dual-Doppler 
analyses of the early morning mesoscale vortex (MV) 
that produced more than a dozen tornadoes, most 
notably affecting the Marshall County (Alabama) 
area. Animation of KHTX reflectivity factor images 
in Fig. ES5 shows the progression of this feature across 
north Alabama. Radial velocity components from 
the KHTX and Advanced Radar for Meteorological 
and Operational Research (ARMOR) radars were 
synthesized to produce a consistent wind field that 
was integrated vertically to obtain an estimate of the 
vertical velocity, providing a fully three-dimensional 
flow field (e.g., Armijo 1969; Miller and Strauch 1974; 
Chong et al. 1983; and many others). For this case, 
KHTX operated in Volume Coverage Pattern (VCP) 
212, and ARMOR collected sector volumes with the 
lowest elevation of 0.7°. The analysis methodology 
employed for this analysis is standard: data are edited 
and then gridded to a common Cartesian framework 
100 × 100 × 15 km3 with 1.0-km horizontal and 
0.5-km vertical spacing. The gridding process ac-
counts for storm motion (230°/29 m s–1), which was 
based on the movement of the MV over a 55-min pe-
riod. Lowest elevation angles scanned by the ARMOR 
and KHTX radars were 0.7° and 0.5°, respectively. The 
range to the MV center (vorticity maximum) is about 
55 km for both radars. Thus, the lowest sample level 
(relative to the ARMOR elevation of 220 m MSL) is 
1.00 km for KHTX and 0.85 km for ARMOR, which 
are well matched in height and do not extend below 
the 1-km level shown in Fig. 6. Synthesis of radial 
wind components was completed with the CEDRIC 
software package (Mohr et al. 1986). Vertical motion 
was determined by a variational vertical integration 
of the continuity equation, and bulk estimates of hy-
drometeor fall speed (ut) are subtracted to arrive at an 
estimate for w. The RMS error in w is estimated to be 
about 20% (~2 m s–1) of the peak value in w (~10 m s–1).

Panels in Fig. ES6 show analysis plots for 1139, 
1149, 1153, and 1200 UTC. These, along with the 
1145 UTC analysis shown in Fig. 6 of the main article, 
portray the transitions of the MV kinematic structure 
with time. At 1139 UTC, the MV center contains two 
distinct peaks in the low-level vertical vorticity field. 
Also, a vorticity center associated with a cell in the 
QLCS extending to the south approaches the MV. By 
1145 (main article, Fig. 6) and 1149 UTC, this vorticity 
center merged with the large vorticity in the MV cen-
ter. A multiple vorticity peak configuration returns by 
1153 UTC and transitions back toward a single verti-
cal vorticity center at 1200 UTC. These rapid changes 

in the low-level vertical vorticity field point to short 
temporal-scale variations in the mesoscale circula-
tion associated with the MV and may be related to 
the feature’s efficient production of tornadoes over 
the Marshall County area.

Other noteworthy items in Fig. ES6 include the 
cyclonic movement of the maximum low-level storm-
relative horizontal wind and the modest magnitudes 
of the vertical velocity field. Vectors in the horizontal 
plots show winds at 1.0 km (above the altitude of 
ARMOR) relative to the moving MV, ×’s mark the 
location of the maximum value, and the magnitude of 
the peak is noted at the bottom of the plot. The maxi-
mum horizontal wind transitions from the northeast 
(1139 UTC) to north (1145 UTC; Fig. 6) to northwest 
(1149 UTC) and west (1153 UTC). Vertical velocity 
values rarely exceed 10 m s–1, and the largest values 
are confined to heights below about 6 km AGL. These 
relatively weak (in a convective sense) values derived 
from the dual-Doppler analysis are consistent with 
the shallow reflectivity field (30 + dBZ is contained 
below ~8 km) and further supported by the lack of 
lightning flash sources within the MV. Figure ES7 
shows 5 min of lightning flash source locations from 
the North Alabama Lightning Mapping Array overlain 
on ARMOR reflectivity at 1140 UTC. While the con-
vection along the northern and southern portions of 
the QLCS is very electricity active, the MV entity has 
an obvious minimum in lightning (RF source) activity.
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Fig. ES6 (Facing pagES). Dual-Doppler analysis, using the ARMOR and KHTX radars, of the MV at (a) 1139, (b) 
1149, (c) 1153, and (d) 1200 UTC. Plan view at (left) 1.0-km level and (right) vertical sections along lines indicated 
in horizontal view. Vectors portray horizontal flow relative to the moving MV. Contours are vertical vorticity 
(black, odd values plotted every 2 × 10–3 s–1) and vertical motion (white, even values plotted every 2 m s–1).
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Fig. ES8. Reflectivity factor from KHTX showing the evolution of the north Alabama midday tornadic QLCS 
and the trailing convective line that developed and overtop the primary QLCS. An animation (1601–1831 UTC) 
is available online (http://vortex.nsstc.uah.edu/uahsevere/April27/midday_qlcs.gif).

Fig. ES7. North Alabama Lightning Mapping Array 
flash source locations (black dots) for 1141–1145 UTC 
plotted over an ARMOR reflectivity factor image at 
1140 UTC (color bar). Note that the core region of the 
mesoscale vortex is nearly void of sources, while the 
QLCS both north and south of the MV exhibits a high 
concentration of sources.

MIDDAY QLCS. See Figs. ES8 and ES9. 
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Fig. ES9. 1700 UTC sounding from 
RSA, launched in advance of the 
midday QLCS.

Fig. ES10. Soundings from (left) Birmingham (KBMX) at (top) 1800 and (bottom) 0000 UTC and (right) 
Peachtree City, Georgia (KFFC), at (top) 1800 and (bottom) 0000 UTC.

AFTERNOON- TO- EVENING SUPERCELL STORMS. Proximity soundings. See Fig. ES10.
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Fig. ES11. (left) Reflectivity factor and (right) radial velocity from KGWX 
at 1800 UTC. The label RAW refers to the ARMOR location. An animation 
(1800–2247 UTC) is available online (http://vortex.nsstc.uah.edu/uahsevere 
/April27/KGWX_Afternoon_1800-2247.gif).

Fig. ES12. As in Fig. ES11, but for KHTX at 1859 UTC. An animation (1859–
2216 UTC) is available online (http://vortex.nsstc.uah.edu/uahsevere/April27 
/KHTX_Afternoon_1859-2216.gif).

Radar animations: Afternoon supercell storms. See Figs. ES11, ES12, and ES13.
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Fi g. ES14.  Ref lect ivity factor from KGWX at 
2000 UTC at 0.7° elevation. Equivalent potential 
temperature values (K) derived from various surface 
sites [Automated Surface Observing System (ASOS) 
and Citizen Weather Observer Program (CWOP)] 
around the domain are annotated.

Fig. ES13. As in Fig. ES11, but for KBMX at 2001 UTC. An animation (2001–
0353 UTC) is available online (http://vortex.nsstc.uah.edu/uahsevere/April27 
/KBMX_Afternoon_2001-0353.gif.)

Fig. ES15. Time series of 1-min ASOS surface tem-
perature and dewpoint in north Alabama (KHSV; 
temperature = red, dewpoint = green) and central 
Alabama (KEET; temperature = solid black, dewpoint = 
dashed black). The sharp decrease in temperature and 
dewpoint at KHSV near 1700 UTC was associated with 
the midday QLCS. Residual clouds and showers over 
northern Alabama (Figs. ES11, ES12) maintained cool 
surface conditions during the afternoon and reinforced a 
thermal gradient between north and central Alabama.

The thermal boundary. The thermal boundary was 
very distinct, exhibiting a respective temperature 
and dewpoint contrast of about 9 and 6 K between 
the cool air to the north and warm air to the south 

during early afternoon. Figure ES14 shows values 
of potential temperature (θ) at all available surface 
locations. The contrast in θ is in the range 3–10 K. 
See Figs. ES14, ES15, and ES16.
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Fig. ES17. ARMOR radar image of (left) reflectivity factor and (right) radial 
velocity (V

R
) at 1927 UTC at 0.7° elevation showing convective lines that 

formed along the crest (i.e., upward moving portion) of suspected ducted 
gravity waves. Note the convergence/divergence patterns in VR and the 
alignment of the mesocyclone of the Cullman supercell with the wave crest. 
The location of the boundary at 2000 UTC, which is oriented west–west 
near the Cullman storm, is shown in Fig. ES14. An animation (1832–2011 
UTC) is available online (http://vortex.nsstc.uah.edu/uahsevere/April27 
/ARMOR_Waves_1832-2011.gif).

Gravity waves on the cold side of the boundary. A packet 
of ducted gravity waves moved over the Mobile Inte-
grated Profiling System (MIPS) location and multiple 
Doppler networks between 1930 and 2000 UTC. 
Strong, low-level stability (Fig. ES16) served as a 
duct for the waves. The radar animation in Fig. ES17 
shows the waves as broken lines of reflectivity factor 

(left) and alternating sign of radial velocity (right). 
Figure ES18 presents a plot of perturbation pressure 
(p´) and the zonal wind component (u´), showing the 
correlation between u´ and p´ that is characteristic 
of ducted waves. Interestingly, the perturbation in 
velocity appears to extend southward to the Cullman 
supercell storm as shown in Fig. ES17.

Fig. ES16. Sounding launched from the National Space 
Science Technology Center (NSSTC)/MIPS site at 2052 UTC. 
The solid red line represents temperature and the dashed 
red line is dewpoint. A shallow cold layer extends from the 
surface (212 m MSL) to about 400 m AGL (600 m MSL).
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Fig. ES18. Time series of surface pressure perturba-
tion (solid blue) and wind speed perturbation (dashed 
red) from the NSSTC/MIPS site. According to theory 
and previous observations (Gossard and Hooke 1975; 
Coleman and Knupp 2010), a nonlinear impedance 
relationship between perturbation pressure and winds 
apply in gravity waves, such that the positive/negative 
perturbations correlate.
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