THE SUPERIOR, NEBRASKA,
SUPERCELL DURING BAMEX
BY R O G E R M . W A K I M O T O , H U A Q I N G C A I , A N D H A N N E V .

MURPHEY

Last year—riot far from another storm that broke the hailstone size record—an airborne
Doppler radar tracked the largest and most intense mesocyclone
ever identified in a thunderstorm.

upercell storms have been studied for a number
of years. Although not the most common type
of convective storm, it is frequently associated
with the most intense tornadoes, hail, and damaging
downdrafts. Indeed, there have been several historic
days during which supercell characteristics or a phenomenon spawned by a supercell were remarkable,
for example, the tristate tornado (Brodt 1986), the
superoutbreak of tornadoes (Fujita 1974), the
Coffeyville, Kansas, hailstone (Macklin 1977), and the
recent Oklahoma City, Oklahoma, tornado (Brooks
and Doswell 2002).
There was another day, 22 June 2003, that will be
long remembered in severe-storm research. Two in-
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tense supercells developed over eastern Nebraska
during the Bow Echo and Mesoscale Convective
Vortex (MCV) Experiment (BAMEX). One of the
supercells, near Aurora, Nebraska, produced a hailstone that the National Oceanic and Atmospheric
Administration (NOAA) National Climatic Extremes
Committee believes is the largest hailstone on record
(a circumference of 18.75 in.), breaking the previous
mark held by the infamous hailstone that fell on
Coffeyville on 3 September 1970.
Lost during the excitement of this discovery was
the second supercell that formed on this day. This
latter storm was associated with an intense
mesocyclone that was also record setting. This paper
describes the environmental conditions, satellite imagery, and ground and airborne Doppler radar observations of this storm, referred to as the Superior,
Nebraska, supercell.
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and southwestern Iowa owing to the strong vertical
shear of the environmental wind and large values of
convective available potential energy (CAPE). A
sounding released by a Learjet near the Superior
supercell at 0252 is plotted in Fig. 1. The storm initiated several hours earlier; however, the release point
of the dropsonde was representative of the environmental conditions. In addition, the time of the release
was nearly coincident with the airborne Doppler radar analysis presented in this paper. The CAPE for a
parcel displaced from the surface was -3000 J kg . It
should be noted that an adjustment in the surface temperature shown in Fig. 1 to a value closer to the time
of storm initiation leads to an estimated CAPE approaching 4000 } k g . The latter value is extreme,
based on recent climatology of CAPE near
mesocyclones using proximity soundings (Brooks
et al. 1994).
The hodograph for the dropsonde is presented in
Fig. 2. A pronounced feature in the wind shear profile from the surface to -620 mb is the near-circular
shape. Such low-level profiles of the wind shear are
-1
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FIG. I. T h e r m o d y n a m i c sounding f r o m the dropsonde
deployed at 0252 U T C 23 Jun 2003 f r o m the L e a r j e t .
T h e thick, black line represents the path of a displaced
parcel f r o m the surface. T h e nearby sounding launched
f r o m Topeka, K S , at 0000 U T C 23 Jun 2003 was used
to reconstruct the t h e r m o d y n a m i c profile above
230 m b (dashed lines). T h e location of the dropsonde
is shown later in Fig. 4.

not commonly observed. Pure circular hodographs
have been examined extensively both theoretically and
numerically (e.g., Lilly 1982; Davies-Jones 1985,2003;
Brooks and Wilhelmson 1993; Weisman and Rotunno
2000; Davies-Jones 2002; Rotunno and Weisman
2003) since the mean horizontal velocity and vorticity fields are parallel (i.e., helical flow).
An important characteristic of the Superior
supercell is that it remained quasi stationary for several hours. This had profound consequences for the
counties underneath the storm, with rainfall totals
approaching 10-11 in. in some areas. Past studies have
shown that the storm motion is located at the center
of curvature of a perfectly circular hodograph. In the
present case, the storm motion is not at the center of
curvature but is "off' the hodograph. Davies-Jones
(2002) suggests that propagation off the hodograph
occurs in the presence of a large updraft (the large updraft within the Superior storm is shown later).
A surface analysis superimposed onto a visible satellite image at 2200 provides an overview of the main
frontal features when the storms first developed. A
stationary frontal boundary oriented approximately
north-south was located in central Nebraska and
Kansas (Fig. 3). Also evident is an outflow boundary
from earlier convective activity. The outflow was extensive, affecting most of eastern Nebraska, northeastern Kansas, and southeast South Dakota. The different air masses east of the front are apparent by
examining the visual characteristics of the cumulus
cloud lines. The lines are elongated northwest to
southeast to the rear of the outflow boundary and oriented approximately north-south ahead of the
boundary but east of the front. Several convective towers initiated along the portion of the outflow bound-

FIG. 2. Hodograph for the dropsonde deployed f r o m the
L e a r j e t at 0252 U T C 23 Jun 2003.
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ary closest to the stationary front (Fig. 3). The location of the incipient stages of the Superior supercell
initiating near the Nebraska-Kansas border is indicated in Fig. 3a.
The convection organized rapidly and within an
hour, two large and intense supercells near the cities
of Aurora and Superior, Nebraska, dominated the
region (Fig. 4). The 0000 visible image from a NOAA
polar-orbiting satellite reveals the oval-shaped anvils

of the Aurora and Superior supercells. The National
Weather Service (NWS) reports indicate that the
enormous hailstone impacted the ground at approximately 0005. The NWS also reported that an F0
tornado developed at 0035 several miles west of
Deshler, Nebraska, and tracked east and dissipated
just northwest of town at 0050. A second F2 tornado
developed at 0052 near the southeast side of town,
tracked west through the south side of Deshler, and

FIG. 3. S u r f a c e analysis superimposed onto a satellite image at 2200 U T C 22 J u n 2003. ( a ) F r o n t a l positions and

t h e location of t h e S u p e r i o r supercell. ( b ) T e m p e r a t u r e , d e w p o i n t t e m p e r a t u r e ( ° C ) , and wind speed and direction a r e plotted. W i n d v e c t o r s a r e plotted w i t h t h e full barb and half barb representing 5 and 2.5 m s _ l , respec-

tively. T h e location of t h e W S R - 8 8 D at Hastings, N E ( U E X ) , is shown by t h e black cross in (a).

NOAA-15

F I G . 4. S u r f a c e analysis superimposed on an image r e c o r d e d by t h e
polar-orbiting satellite at 0 0 0 0 U T C
23 J u n 2003. T h e black dot represents t h e location of t h e dropsonde deployed at 0252 U T C . W i n d v e c t o r s a r e
plotted w i t h t h e full barb and half barb representing 5 and 2.5 m s _ l , respectively.
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then turned southwest before dissipating around
0105. Unfortunately, one death, seven injuries, and
property damage estimated to be 10 million dollars
occurred with the latter tornadic event. The focus of
this study is the airborne Doppler radar measurements of the Superior storm at -0300. The NWS reported flash floods, hail, and wind gusts > 30 m s
around this time.
_1

The Aurora and
Superior supercell storms developed 80-100 km from
the Weather Surveillance Radar-1988 Doppler (WSR88D) located at Hastings, Nebraska (UEX). Accordingly, the radar was able to record the evolution of
these storms with good temporal and spatial resolution. Several times were selected (2300, 0100, and
0300) to illustrate the initiation to mature stages of the
severe convection. Subsequently, these radar images
were merged with surface weather observations and
frontal locations (Fig. 5).
The locations of the front and outflow boundaries
shown in Fig. 5 were based on surface analyses
combined with a careful examination of the radar images. Frontal features are frequently associated
with convergent wind boundaries. As a result, they
are often apparent as discontinuities in radial velocity or an enhancement of radar reflectivity referred
to as a thin line using a Doppler radar capable of detecting echoes within the clear air (e.g., Wilson and
Schreiber 1986). Movie loops of all the radar images
were also constructed to note the movement of the
boundaries.
Most of the storms initiated within the cool air, east
of the intersection of the outflow boundary and the
front. The Aurora and Superior storms were adjacent
storms, with the former initiating -50 km to the
northwest of the latter (Fig. 5a). Both supercell storms
developed explosively and were in their mature stages
at 0100 (Fig. 5b). The Superior storm assumed characteristics that resembled a multicell complex as
shown in Fig. 5b. Note that there are several highreflectivity cells surrounding the main convective region. The multicell structure continued until -0230
when one distinct supercell was apparent in the radar scans. This particular phase of the Superior storm
may be similar to the "weak evolution" storm (Foote
and Frank 1983) that shares characteristics of both the
supercell and multicell models.
The Aurora storm appeared to be entering the dissipating stage at 0300 while the Superior storm still
remained intense and grew in horizontal extent
(Fig. 5c). Also apparent in the analysis presented in
Fig. 5 is the lack of movement of the Superior storm.
WSR-88D O B S E R V A T I O N S .

The sequence of images clearly illustrates that the
supercell remained quasi stationary near the
Nebraska-Kansas border throughout the times shown
in the figure.
A low-level mesocyclone within the Aurora storm
can be identified in the velocity image at 0100
(Fig. 5b). Several midlevel mesocyclones were identified in the single-Doppler velocity images at higher
elevation angles during the multicell phase of the
Superior storm (not shown). The circulation that
appeared to be the incipient stages of the main
mesocyclone documented in this paper was traced
back to -0045. This mesocyclone grew in horizontal
extent and can be seen at 0300 along the state border
(Fig. 5c). This particular radar scan was enlarged in
Fig. 6. The impressive size of the storm can be seen
in the figure. Just as striking is the size of the velocity
couplet of the mesocyclone. The couplet is not only
large (-20 km across), it is accompanied by speeds so
intense that velocity folding has occurred. This is also
referred to as aliased velocities and is a result of discrete sampling of the storm (e.g., Doviak and Zrnic
1993). The folding of velocity was so severe that the
true velocities cannot be determined from the images
shown in Fig. 6b.
3

E L D O R A O B S E R V A T I O N S . Fixed site ground
based radars are seldom able to collect data with sufficient resolution for research purposes owing to the
small-scale nature, rapid translation, and infrequency
of severe convective storms. Accordingly, in recent
years, radars mounted on mobile platforms have
played an important role in field experiments. Two
airborne 3-cm radars were deployed during BAMEX,
the NOAA P-3 (Jorgensen et al. 1983) and the Electra
Doppler Radar (ELDORA; Hildebrand et al. 1994).
It is the observations of the latter platform that are the
focus of this paper.
ELDORA is able to collect high spatial resolution
data (-300 m) in the along-track direction by using a
fast rotation rate of the tail antenna. The radar also
has a large Nyquist velocity (77.2 m s" ), which minimizes velocity folding. ELDORA has been successfully
deployed on a number of supercell storms and collected unique datasets on the low-level structure of the
mesocyclone and some tornadoes (e.g., Wakimoto
et al. 1998, 2003; Bluestein and Gaddy 2001; Dowell
and Bluestein 2002a, b). The interested reader is referred to Hildebrand et al. (1994) and Wakimoto et al.
1
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The maximum unambiguous velocity (Nyquist velocity) that
can be measured by the UEX WSR-88D was 26.3 m s" .
1
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FIG. 5. Surface analyses superimposed onto (left) radar reflectivity and (right) single-Doppler velocity scans recorded
at 0.5° by the W S R - 8 8 D located at U E X at (a) 2300 U T C 22 Jun 2003, (b) 0100, and (c) 0300 U T C 23 Jun 2003. W i n d
vectors are plotted with the full barb and half barb representing 5 and 2.5 m s~', respectively. Black box is enlarged
later in Fig. 6. T h e location of the radar is shown in Fig. 3. T h e outflow boundary and front are drawn as dashed
lines on the radar reflectivity plots.
AMERICAN METEOROLOGICAL SOCIETY
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FIG. 6. Radar reflectivity and D o p p l e r velocity image of t h e S u p e r i o r supercell r e c o r d e d by t h e W S R - 8 8 D at
Hastings, N E ( U E X ) at ( a ) 0258:06 and (b) 0258:26 U T C . T h e location of the radar site is shown by the black
dot. T h e flight track of the N R L P-3 is shown in (a). T h e mesocyclone enclosed by the box is enlarged in (b). T h e
height of the radar b e a m at the center of the mesocyclone is ~ l . 5 k m A G L .

(1996) for information on the radar design and capabilities of ELDORA. The Doppler radar methodology
used to synthesize the three-dimensional wind field
is discussed in the appendix.
One of the main objectives of BAMEX on this day
was to study bow echoes. These echo types represent
one of the more well-known forms of convective organization, often responsible for the production of
long swaths of damaging surface winds and small tornadoes [e.g., see Weisman (2001) for an overview].
Since bow echoes typically require several hours to organize into a linear convective system, ELDORA was
not initially deployed on the intensifying storms in
eastern Nebraska. The aircraft takeoff was delayed
until 0021 from MidAmerica Airport near St. Louis,
Missouri. ELDORA arrived and flew its first pass
along the southern flank of the Superior supercell at
-0145. The supercell was already in its mature stage
during the initial flight legs of the aircraft.
The aircraft executed 10 complete racetrack patterns (20 individual passes) past the storm during its
entire mission. The legs were approximately 7-9 min
long (50-60 km). The storm grew in horizontal extent later in its life cycle and evolved into a linear
squall line that exhibited some bow-echo characteristics. Accordingly, the legs flown by the aircraft were
also extended and were -130 km in length by the end
of the mission.
The focus of this paper is the pass from 0252:00 to
0300:59. The flight track and its relationship to the
Superior supercell are shown in Fig. 6. The ELDORA

analysis for 2.9 km above ground level (AGL;
hereafter, all heights are AGL) is presented in Fig. 7.
There are obvious differences between the radar
reflectivity plots shown in Figs. 6a and 7a. The storm
appears significantly narrower in the echo plot recorded by ELDORA. This difference is the result of
severe attenuation of the transmitted energy at 3 cm,
a common problem when heavy rain and/or hail are
present (Hildebrand et al. 1981). The NWS reported
both types of precipitation during this time.
It was fortunate that the attenuation of the signal
did not affect ELDORA's ability to resolve the
mesocyclone (Fig. 7b). The impressive size of the
mesocyclone is evident in Fig. 7b and in the enlargement shown in Fig. 8b. The maximum and minimum
Doppler velocities within the rotational couplet are
separated by -9.1 km. It is readily apparent why the
WSR-88D observations were difficult to interpret in
Fig. 6. The maximum and minimum Doppler velocities shown in Figs. 7b and 8b are 58 and -53 m s ,
respectively. These values far exceed the Nyquist velocity for the WSR-88D. The algorithms employed by
the radar to "unfold" the velocities could not determine the correct answer, resulting in the confused
pattern shown in Fig. 6.
It should be noted that the velocities depicted in
Figs. 7b and 8b have been interpolated onto the
Cartesian grid and will, therefore, underestimate the
true peak values. The location of the raw ELDORA
scans that slice through the maximum values away
and minimum values toward the radar are indicated
-1
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in Fig. 8b. These range-height indicator (RHI; a cross
section through the vertical plane passing through the
radar) scans are presented in Fig. 9. These images not
only reveal the maximum and minimum velocities but
also provide the first views of the vertical structure of
the supercell. The echo tops reached 18-19 km at this
time. The largest positive and negative Doppler velocities in Fig. 9 are 63 and -55 m s , respectively, or
a velocity differential of 118 m s at - 3 km! These raw
values are not significantly greater than the interpolated values shown in Figs. 7b and 8b, which implies
that the region affected by these strong velocities is
large and not comprised of a few pixels.
The mesocyclone is embedded within strong updrafts greater than 30 m s (Fig. 8c). The maximum
vertical vorticity within the mesocyclone is 26 x
10 s" , not a particularly large value. This is partially
related to the imposed filtering discussed in the appendix; however, the more important factor is the
large distance separating the maximum and minimum
Doppler velocities within the rotational couplet.
Indeed, if the mesocyclone circulation is assumed to
be circular and axisymmetric, the vorticity can be estimated as twice the single-Doppler velocity differential (111 m s" based on the velocities depicted in
Fig. 8b) divided by the distance separating the couplet (9.1 km) or -24 x 10~ s . For comparison, the
Garden City and Hays, Kansas, mesocyclones documented by the Wakimoto et al. (1998) and Wakimoto
and Cai (2000), respectively, were associated with
maximum vertical vorticity > 40 x 10" s~\ These latter cases were cited since both studies were based on
airborne Doppler analyses using ELDORA.
Since vertical vorticity is scale-dependent, a better measure of the intensity of the mesocyclone is the
circulation. If it is assumed that the size of the
mesocyclone is determined by the region where the
vertical vorticity is greater than 0.01 s (see DaviesJones et al. 2001), then the circulation depicted in
Fig. 8c is 1.1 x 10 m s" . This estimate of the circulation is the peak value observed by ELDORA and does
not change substantially from the surface to 4.5 km.
The circulation of the mesocyclone during the two
preceding Doppler syntheses (0232-0241 and 02430250) and the succeeding synthesis (0302-0309)
ranged between 4 and 6 x 10 m s .
A vertical cross section through the maximum in
vorticity and the center of the single-Doppler velocity couplet is presented in Fig. 10. The mesocyclone
tilts slightly to the north and leaves the plane of the
cross section at approximately 10 km (Fig. 10a).
Horizontal cross sections near the top of the anvil at
15.7 km (not shown) still show a pronounced cy-1
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FIG. 7. Dual-Doppler analysis at 0252:00-0300:59 U T C
s u p e r i m p o s e d o n t o ( a ) r a d a r reflectivity, ( b ) singleDoppler velocities, and (c) vertical vorticity. T h e boxedin region in (b) is enlarged later in Fig. 8.

clonic circulation and vertical vorticity greater than
10 x 10~ s . The size and depth of the rotational couplet are evident in Fig. 10b. The updrafts within the
supercell were strong (> 50 m s ) at heights greater
than 10 km (Fig. 10c). The horizontal winds reveal
intense outflow within the anvil. The strong northerly and southeasterly flow located west and east of
the mesocyclone center, respectively, can also be
seen.
3
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FIG. 8. (a) Dual-Doppler analysis at 0252:00-0300:59 U T C 23 Jun 2003 superimposed onto radar reflectivity, (b)
Dual-Doppler analysis at 0252:00-0300:59 U T C superimposed onto single-Doppler velocities, (c) Dual-Doppler
analysis at 0252:00-0300:59 U T C superimposed onto vertical vorticity and velocity. Positive and negative velocities are drawn as black and dashed black lines, respectively, (d) Dual- and single-Doppler analysis of the Garden
City mesocyclone on 16 May 1995. (e) Dual- and single-Doppler analysis of the Kellerville mesocyclone on 8 Jun
1995. T h e height of plots (a)-(c) is 2.9 km A G L . T h e height of plots (d) and (e) are 2.2 and 2.0 km A G L , respectively. T h e location of a vertical cross section presented in Fig. 10 is shown in (b) and (c). T h e location of singleDoppler cross sections presented in Fig. 9 is shown in (b). T h e viewing angles from the radar are shown as the
arrows in (d) and (e). T h e horizontal length scale shown in (b) and (c) is valid for all figures.
W I T H OTHER MESOCYpaper. More recent work by Burgess and Lemon
Lemon et al. (1977) have suggested that (1990) also suggest an average range between 5 and
the average size of a mesocyclone is ~5 km, which is 6 km. Two additional cases are presented in Figs. 8d
significantly smaller than the case documented in this and 8e to highlight the size discrepancies. The Garden
COMPARISON
CLONES.
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City (Wakimoto et al. 1998) and Kellerville, Texas
(Dowell and Bluestein 2002a,b; Wakimoto et al.
2003), mesocyclones are two well-studied cases from
the Verification of the Origins of Rotation in Tornadoes Experiment (VORTEX; Rasmussen et al. 1994).
The two cases are also relevant since the data presented
in Figs. 8d and 8e were recorded using ELDORA.
These two supercell storms produced tornadoes
that were associated with damage intensity ratings of
F1 and F5, respectively. The Kellerville tornado is
noteworthy since it was associated with a large funnel cloud (approximately 1 km in diameter) early in
its life cycle. Note that the horizontal dimension of the
mesocyclone rotational couplets in Figs. 8d and 8e is
4-5 km, comparable to those documented by Lemon
et al. (1977). This size is in stark contrast to the Superior mesocyclone (Fig. 8b). In fact, a thorough
search of the literature as well as discussions with
colleagues (e.g., D. Burgess 2003, personal communication) suggests that this is the largest supercell
mesocyclone ever documented.
The maximum and minimum Doppler velocities
shown in Figs. 8b and 9 were also impressive. Indeed,
these values are comparable to some tornadic speeds
measured by ground-based mobile Doppler radars
(e.g., Bluestein et al. 1997). Another extensive search
of literature was undertaken to find the largest Doppler velocity differential associated with a mesocyclone. D. Burgess (2003, personal communication)
reported a-lOOms" differential with the Red Rock,
Oklahoma, mesocyclone that formed on 26 April 1991
(see Burgess and Magsig 1993). The velocity differential of 118 m s within the Superior mesocyclone
easily exceeds this value, making it the strongest
mesocyclone ever observed. The circulation of 1.1 x
10 m s may also be the largest value in the literature. Davies-Jones and Kessler (1974) estimated a circulation of 6 x 10 m s for the Newton, Kansas,
mesocyclone of 24 May 1962, which is believed to be
the previous record.
4
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FIG. 9. Radar reflectivity and single-Doppler velocity for
t w o E L D O R A scans t h r o u g h t h e m e s o c y c l o n e at
0255:26 and 0256:26 U T C . T h e locations of the scans
are shown by the gray lines in Fig. 8. These scans slice
through the maximum and minimum Doppler velocities within the mesocyclone, which are indicated by the
white arrows.

S U M M A R Y A N D D I S C U S S I O N . Two intense
supercells developed over eastern Nebraska during an
early summer evening when the conditions favored
severe weather. One of these storms received intense ing to an impressive hailstone that was recovered in
scrutiny from the national media and the NWS ow- the city of Aurora. The stone's size rivaled the infamous Coffeyville hailstone, an event that occurred
Burgess and Lemon (1990) do suggest the existence of a over 30 yr ago.
Receiving far less attention was the companion
mesocyclone with a diameter of 10 km (see their Fig. 3.4), but
supercell
storm that developed farther to the south
no observations were presented in their paper.
near
the
city
of Superior. This paper has shown that
Ward (1964) estimated maximum wind speeds of -56 m s
using data from a pressure trace recorded when a mesocyclone the characteristics of this storm were just as noteworthy as the Aurora supercell. The mesocyclone associpassed over a surface station.

4

5
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ated with the Superior storm was larger and more intense, as measured with single-Doppler velocities, than
any other previous case documented in the literature.
The data recorded by the WSR-88D at Hastings, Ne-

braska, revealed the large size of the mesocyclone but
could not resolve the true Doppler velocities since the
peak speeds within the circulation exceeded the
Nyquist velocity.
The Superior supercell was quasi
stationary for a number of hours,
which resulted in extensive flooding in
the regions under the storm. Although
the supercell spawned tornadoes early
in its life cycle, no confirmed tornado
occurred during the analysis period
documented in this paper or during
the entire period that ELDORA collected data on the storm. Observations
of the Superior supercell highlight our
current lack of understanding of the
relationship between the mesocyclone
and tornadogenesis. It is known that
not all (intense) mesocyclones spawn
tornadoes (e.g., Trapp 1999; Wakimoto
and Cai 2000; Markowski et al. 2002).
Furthermore, the factors that control
the size and intensity of the tornado in
relation to the mesocyclone are not
well understood. These are important
research questions that remain unanswered and await future research.
The Aurora and Superior
supercells were both cases that will be
long remembered for those who keep
track of severe-storm records. Fortunately, both storms were properly
documented by different means. The
Aurora hailstone was retrieved by a
local citizen who kept the stone frozen
until NWS personnel arrived. The Superior mesocyclone was sampled by
ELDORA since the airborne platform
was within easy ferrying distance while
participating in BAMEX. Many years
may pass before we are likely to experience events similar to those that occurred on this day.
ACKNOWLEDGMENTS.

FIG. 10. V e r t i c a l cross section through t h e mesocyclone. ( a ) R a d a r
reflectivity, vertical vorticity, and the winds in the plane of the cross
section, (b) Single-Doppler velocities and the winds in the plane of the
cross section, (c) Vertical velocity and total horizontal winds. T h e location of the cross section is shown by the black line labeled A A ' in Fig. 8.
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APPENDIX: DOPPLER W I N D

SYNTHESES.

ELDORA is equipped with two antennae that are
housed in the tail section of the aircraft. One antenna
points -18.5° fore of the aircraft axis, and the other
scans -18.5° aft of the axis. Both antennae rotate about
the aircraft axis. The motion of the aircraft results in
two corkscrew patterns being swept out by the radar.
The fore and aft scans produce a series of intersecting beams that can be used to synthesize the Doppler
velocities into a three-dimensional wind field. A full
description of this technique can be found in
Jorgensen et al. (1996).
The along-track and sweep-angle resolution were
-300 m and 1.54°, respectively. This sweep-angle
resolution results in an effective sampling in the vertical of -800 m in the analysis domain presented in
this paper. As a result, the reflectivity and Doppler velocity were interpolated to a Cartesian grid with horizontal and vertical grid spacing of 300 and 800 m, respectively. The lowest level was located at 500 m AGL.
As previously mentioned, the storm was quasistationary. Indeed, the low-level mesocyclone did not
move when comparing the wind syntheses for the aircraft passes before and after the times presented in this
paper. As a result, the individual radar scans for each
pass by the storm were not time-space adjusted. The
plotted wind fields are for a ground-relative frame of
reference and are equivalent to storm relative for the
present case.
A Cressman (1959) filter was applied during the
interpolation process with a radius of influence of 900
and 800 m in the horizontal and vertical directions,
respectively. The data were synthesized within the
Custom Editing and Display of Reduced Information
in Cartesian Space Software (CEDRIC; Mohr et al.
1986). The hydrometeor fall speed based on radar
reflectivity was estimated from the relationship established by Joss and Waldvogel (1970) with a correction for the effects of air density (Foote and du Toit
1969). A four-step Leise (1982) filter was applied to
the wind synthesis. This filter damps wavelengths up
to 7.2 km (response of 40%) and removes wavelengths
of less than 4.8 km in the wind fields. Accordingly,
any tornadic circulation, if it were present, would be
removed. Inspection of the raw ELDORA scans, however, revealed no intense small-scale circulations. The
only prominent rotation was the mesocyclone circulation, which was much larger than the resolvable
scales. Other important features such as the main
storm updraft were also resolved.
AMERICAN METEOROLOGICAL SOCIETY

Previous ELDORA studies of supercells (e.g.,
Wakimoto et al. 1998; Dowell and Bluestein 2002a,b)
were constrained to examine the low-level wind fields
of the supercells owing to the small distance separating the aircraft and the mesocyclone. At these close
ranges, single-Doppler velocity data collected at high
elevation angles were highly influenced by the vertical velocities and terminal fall speeds of the hydrometers. In the current case, the main convective tower
and the mesocyclone were at ranges greater than
30 km. This large distance meant that a dual-Doppler
wind synthesis for the entire storm could be performed (a first for a supercell study using ELDORA
data). The highest grid level was chosen to be 18 km,
the height of the observed storm tops. Vertical velocities were obtained from the horizontal convergence
fields using a variational technique (O'Brien 1970)
such that an integration of the anelastic mass continuity equation meets both the upper and lower
boundary conditions of w = 0 m s .
_1
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