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ABSTRACT

Polarimetric and dual-Doppler observations of a supercell observed by the National Center for Atmo-
spheric Research (NCAR) S-band Polarimetric (SPOL) radar, two Doppler-On-Wheels (DOW) radars, and
the Greek XPOL radar on 23 May 2002 during the International H,O Project (IHOP) are presented. The
polarimetric radar observations began as the storm organized into a supercell and continued for over an hour
while the storm was in its mature phase. The hydrometeor distribution within the mature storm was retrieved
using a fuzzy logic hydrometeor classification algorithm. The dual-Doppler radar observations began around
the time that the polarimetric radar observations concluded, and they covered the end of the mature phase
and much of the dissipation phase of the storm. The dual-Doppler wind syntheses are used to evaluate the
importance of the forward-flank outflow in augmenting the horizontal vorticity field near the storm above
400 m. In this case, having a relatively weak low-level mesocyclone, the parcel trajectories and the horizontal
vorticity field observed within the forward-flank outflow are not what one would likely expect based on prior
numerical studies (having generally stronger low-level mesocyclones) that have emphasized an important
dynamical role for forward-flank downdrafts in terms of their horizontal vorticity generation. Instead, the
observed trajectories could not be traced from the forward-flank outflow toward the storm’s updraft and
the horizontal vorticity vectors within the forward-flank outflow generally did not point (westward) toward
the storm’s updraft.

1. Introduction to be an important source of vorticity for low-level me-
socyclones. The hydrometeor distribution within a su-
percell, including that within the forward-flank region,
may have an important effect on buoyancy and buoyancy
gradients, because evaporation and melting rates, and
thus the potential for latent cooling, depend heavily upon
it. Herein, we document a supercell observed by a fixed
dual-polarization radar and three mobile Doppler radars.
From these observations, the hydrometeor and three-
dimensional wind fields are retrieved, with emphasis on
the forward-flank precipitation region.

Over the past decade, there have been a growing

) number of supercell thunderstorm studies relying heavily
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Numerical simulations of supercell thunderstorms have
suggested that horizontal buoyancy gradients near the
edge of the forward-flank precipitation region (Lemon and
Doswell 1979; see our Fig. 1) provide an important en-
hancement of low-level horizontal vorticity via baroclinic
generation (e.g., Klemp and Rotunno 1983; Rotunno and
Klemp 1985; Wicker and Wilhelmson 1995). This hori-
zontal vorticity can be tilted into the vertical and subse-
quently stretched by the storm’s updraft, and is believed
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FI1G. 1. (a) Schematic representation of a supercell thunderstorm, adapted from the conceptual model presented by Lemon and Doswell
(1979). (b) Three-dimensional schematic of a numerically simulated supercell thunderstorm in westerly mean shear, viewed from the
southeast, at a stage when low-level rotation is intensifying. The cylindrical arrows depict the storm-relative winds. The thin lines are
vortex lines, with the sense of rotation indicated by the circular arrows. The heavy barbed line marks the outflow boundary. Adapted from

Klemp (1987).

and Gill 2000; Alexander and Wurman 2005; Lee and
Wurman 2005), with relatively few dual-Doppler stud-
ies (Beck et al. 2006; Wurman et al. 2007a,b). There also
have been several airborne pseudo-dual-Doppler radar
studies (e.g., Wakimoto et al. 1998, 2003; Trapp 1999;
Wakimoto and Cai 2000; Ziegler et al. 2001; Dowell
and Bluestein 2002) in which data within the forward
flank were available, but, understandably, the supercell
mesocyclone regions tended to be the focus of the in-
vestigations. Detailed examinations of ground-based,
mobile Doppler radar observations, especially dual-
Doppler, within the forward-flank downdraft have been
limited, however, and less frequent than mobile Dop-
pler radar studies of tornadoes themselves (Wakimoto
2001).

On 23 May 2002, two Doppler-on-Wheels (DOW)
radars (Wurman et al. 1997) and the Greek XPOL
radar (Wurman 2001) intercepted a supercell over the
northeastern Texas Panhandle (hereinafter the Lipscomb
County storm) during the International H,O Project
(IHOP_2002; Weckwerth et al. 2004). The DOW radar
data are complimented by observations from the Na-
tional Center for Atmospheric Research (NCAR)
S-band Polarimetric (SPOL) radar (Lutz et al. 1995).
The polarimetric radar data help elucidate the types of
hydrometeors present within this storm’s peculiar
winged reflectivity signature. The dual-Doppler data
permit the retrieval of the three-dimensional wind and
vorticity fields within the forward flank.

An overview of the storm and its environment is
contained in section 2. Section 3 describes the data and

analysis methods. The polarimetric radar data are dis-
cussed in section 4. The dual-Doppler data are dis-
cussed in section 5. The conclusions can be found in
section 6.

2. Storm overview

During the afternoon of 23 May 2002, a stationary
front extended from south-central Kansas southwest-
ward to an area of low pressure located over the Texas
Panhandle (Fig. 2). This front separated slightly cooler
but significantly drier air to its north from warmer and
moister air to its south. The surface winds in the warm
sector were from the southeast, but the surface winds
north of the front were northeasterly. A 500-hPa trough
was located over the Great Basin, and broad south-
westerly flow at this level existed over much of the
Great Plains (not shown).

A Local Analysis and Prediction System (LAPS)
sounding from 0000 UTC 24 May near Gage, Oklahoma
(Fig. 3a), reveals 1734 J kg~' of convective available
potential energy (CAPE) and modest convective inhi-
bition (CIN; approximately 75 J kg~ ')." None of the
standard 0000 UTC upper-air soundings are representative

! The CAPE and CIN calculations are for an undiluted surface
parcel and include virtual temperature effects (Doswell and
Rasmussen 1994). A parcel lifted having the mean potential tem-
perature and specific humidity of the lowest 100 mb (Craven et al.
2002) would have comparable CAPE but roughly half as much
CIN.
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FIG. 2. Surface analysis at 2345 UTC 23 May 2002. Mean sea level pressure (black contours)
and potential temperature (gray contours) are analyzed at 1-hPa and 1-K intervals, respec-
tively. Temperature (°C), dewpoint temperature (°C), wind speed (half barb—2.5 m s~ ', full
barb—5 m s~ 1), and wind direction are plotted in the station models. The thick line with filled
barbs and scallops indicates the stationary front, and an outflow boundary is analyzed with a
dash—double-dot line. Radar reflectivity factor (dBZ,) from the SPOL radar also is overlaid
(see legend), as is the dual-Doppler lobe (thick black solid line) formed by the DOW2 and
DOWS3 mobile radars if a minimum interbeam angle of 20° is required (Davies-Jones 1979).
The location of the XPOL radar is also shown.

of the near-storm environment: Dodge City, Kansas, to
the north, was north of the surface front; Amarillo,
Texas, to the southwest, was west of the moist surface
air; and Norman, Oklahoma, to the southeast, was
contaminated by ongoing convection. The vertical wind
profile from the LAPS sounding contains 17 ms ™! of 0—
6-km shear (Fig. 3b). The hodograph exhibits slight
clockwise turning with height in the 0-1-km layer, while
the shear vector is generally straight between 1 and 6
km.

The radar echo that became the Lipscomb County
storm organized along the front around 2200 UTC over
the northern Texas Panhandle (Fig. 4a). By 2229 UTC
(Fig. 4b), the storm formed a hook echo on its right-rear
flank. (Here, “‘right” is with respect to the reference
frame of an observer looking along the storm-motion
vector.) The storm moved just north of due east through
2301 UTC (Fig. 4c). By 2316 UTC, the forward flank of

the storm took on a wing-shaped appearance (Fig. 4d),
with a notch of lower reflectivity located between two
wings of higher reflectivity. The reflectivity notch can
also be seen earlier in the storm’s evolution (Fig. 4b),
but it did not become prominent until after 2316 UTC.
This wing-shaped reflectivity pattern persisted for over
an hour (until after 0000 UTC; Figs. 4e-g), strongly
suggesting that this reflectivity pattern and accompa-
nying notch is not the result of storm splitting, but rather
is due to other internal dynamical and microphysical
processes. The radar data also reveal no evidence of an
anticyclonic “left mover” at any time during the ob-
servation period.

Around 2316 UTC, the eastward motion of the storm
slowed and the storm turned right, which resulted in a
motion vector directed just south of due east. The storm
remained in a relatively steady state through 2346 UTC
(Figs. 4e,f), with maximum reflectivity values in the

Unauthenticated | Downloaded 02/29/24 06:59 PM UTC



FEBRUARY 2009 FRAME

a J R g“' /
7/ o A .
b 7 . LAPS sounding
Kkm s 0000 UTC 24 May 2002
AGL - %2 36.234° -99.800°
R
121 \ %,
\
X 200
»] \ mb
10 - 2,
N o‘r
300
8
\/
W 400
6
~ 500
4l <
> 600
Q/ 700
r 7
800
'19
900

LAPS Storm-Relative Hodograph
0000 UTC 24 May 2002
36.234° -99.800° 9 11
1

v

2%

7 - B
\ uj

FI1G. 3. (a) LAPS sounding from 0000 UTC 24 May 2002,
approximately 25 km southeast of the Lipscomb County storm
(cf. Fig. 4). The thick black line represents the approximate path a
surface-based parcel would take. The vertical profile of the wind is
shown with the half-barb, full barb, and flag representing 2.5, 5.0,
and 25.0 m s~ !, respectively. (b) Storm-relative hodograph based

on the wind profile in (a). The calculated storm motion was 5.3 ms '
from 278°.

6
>
\

echo core exceeding 65 dBZ,. A satellite image from
2345 UTC (Fig. 5) depicts the storm over the extreme
northeastern Texas Panhandle. Also evident is the cir-
rus anvil, which extended over 200 km downwind from
the storm’s primary updraft. The reflectivity values
within the echo core began to diminish by 0000 UTC
(Fig. 4g). The storm weakened further by 0015 UTC
(Fig. 4h), such that few echoes with reflectivities above
50 dBZ, remained. The storm continued to dissipate
after 0015 UTC.

Storm Data (NCDC 2002) indicates that this storm
produced a brief, apparently insignificant (Storm Data
reports a path width and length of 25 and 0 yd, respec-
tively) tornado at 2330 UTC near Follett, Texas. The
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storm also produced 3-cm diameter hail at Darrouzett,
Texas, at 2257 UTC and 5-cm diameter hail at Follett at
2330 UTC (Fig. 2). In this second report, it was noted
that the hail persisted for 30 min.

3. Data and methodology

The Lipscomb County supercell was sampled by
NCAR’s SPOL radar, which was located in the east-
central Oklahoma Panhandle in support of IHOP. Po-
larimetric radar data were analyzed from 2200 to 0000
UTC, after which time SPOL data collection was ter-
minated. The polarimetric data are used to determine
the hydrometeor fields using the fuzzy logic hydrome-
teor classification algorithm described by Straka et al.
(2000) and Zrnic et al. (2001). This method is described
in more detail in the appendix. This storm was later
intercepted by the DOW radars and the Greek XPOL
radar.” Data collection from these radars began around
2345 UTC and continued until the demise of the storm
was imminent, at about 0040 UTC. As noted above, the
storm was already beginning to weaken at 0000 UTC,
which limits the overlapping dual-Doppler and SPOL
observations of the mature supercell to a few minutes
around 2345 UTC. The locations of the radars are
shown in Fig. 5.

DOW?2 scanned at 16 elevation angles, ranging from
0.4° to 14.5°, and DOW3 also scanned at 16 angles, but
between 0.6° and 14.5°. These observations result in an
average vertical data spacing ranging from approxi-
mately 150 to 300 m, depending on the distance from the
radars. The lowest radar beams were between 300 and
600 m above ground level (AGL) within the storm.

The dual-Doppler syntheses (Fig. 4) do not include
the mesocyclone and updraft of the supercell, but do
cover much of the forward flank of the storm. The main
updraft and attendant mesocyclone are too far removed
from one of the radars (DOW3) and the interbeam
angles are too small in this region of the storm to pro-
vide a trustworthy dual-Doppler analysis of the updraft
or mesocyclone.> The baseline between DOW2 and
DOW3 was 24.5 km.

2 The XPOL radar was not included in the Doppler wind syn-
theses because its volume scans were not well synchronized in time
with DOW2 and DOW3. Additionally, XPOL only scanned to a
maximum elevation angle of 6.0°. The inclusion of data from the
XPOL radar seemed to adversely affect the three-dimensional
wind syntheses, probably as a result of the aforementioned scan-
ning differences between XPOL and DOW2/3.

* The dual-Doppler lobe displayed in some of the figures (e.g.,
Fig. 4) differs from the area covered by some of the dual-Doppler
syntheses because the far-western portions of the dual-Doppler
lobe are below the radar horizon of DOW3 at low elevations.
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FIG. 4. Radar reflectivity factor (dBZ,) from the SPOL radar 0.5° scan at (a) 2159, (b) 2229,
(c) 2301, (d) 2316, (e) 2330, (f) 2346, (g) 0000, and (h) 0015 UTC. The southern and western
edges of the dual-Doppler lobe formed by the DOW2 and DOW3 mobile radars are displayed
in (f)—(h). The location of the LAPS sounding and hodograph (see Fig. 3) is indicated in (g).

Data from all of the radars were mapped to a Cartesian
grid using a one-pass Barnes analysis (Barnes 1964).
The SPOL grid has a horizontal and vertical grid spac-
ing of 500 m. The Barnes smoothing parameter « used
for the SPOL data was 1.15 km?. For the other radars,
the DOW and XPOL data were objectively analyzed to
a 60 X 60 X 2 km grid having a horizontal grid spacing
of 250 m and a vertical spacing of 100 m, using k = 0.69
km?. (Even with these relatively high-resolution data, it
is certain that some small-scale structures are not well-

resolved, because of limitations both in the data and
in the analysis techniques.) These values of k follow
from the tests of Pauley and Wu (1990), who recom-
mended setting k = (1.3d)?, where d is conservatively
taken to be the coarsest data spacing in this case (Trapp
and Doswell 2000). The cutoff radius, used for compu-
tational expediency, was 1.8 km for the DOW and
XPOL data and 2.4 km for the SPOL data. The values of
k and the cutoff radius used for the SPOL radar are
larger than those used for the DOW radars because the
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FIG. 5. Visible satellite image from GOES-§ at 2345 UTC 23 May 2002. The locations of the
SPOL, DOW2, DOW3, and XPOL radars also are shown.

SPOL radar was farther from the storm than were the
DOW radars, so its data spacing is greater. A flat lower
boundary was assumed in the analysis, and the bottom
of the grid was defined to be at the mean elevation of
the DOW2 and DOW3 radars. Because of higher ter-
rain to the northwest of the radars, the variables ana-
lyzed herein may be at an elevation of up to 100 m closer
to the ground than is indicated in the analysis.

A correction was incorporated into the analysis to
compensate for the motion of the storm (5.3 ms ™' from
278°) during the time required to complete a volume
scan (approximately 120 s for the DOW radars). The
extrapolation of data into data voids was not permitted
during the objective analysis, resulting in qualitatively
better kinematic fields in the three-dimensional wind
syntheses. The three-dimensional wind syntheses were
constructed using the variational technique with weak
constraints described by Gamache (1997). This varia-
tional method minimizes a cost function that considers
the radial velocity projections, mass continuity, a lower
boundary condition (w = 0 at z = 0), and a smoothing
parameter.

4. Polarimetric radar observations

Differential reflectivity (Zpg) is the logarithm of the
ratio of the power returned by horizontally polarized
waves (Zgpy) to that returned by vertically polarized
waves (Zyv). As such, hydrometeors with large aspect
ratios (such as large raindrops) tend to return larger
values of Zpgr, whereas more spherical hydrometeors,

like hailstones and small raindrops, return values of
Zpr that are closer to zero. A table containing the hy-
drometeor types indicated by various values of polari-
metric variables can be found in the appendix.

An examination of the Zpp field from SPOL (Fig. 6a)
reveals enhanced Zpgr values downwind of the pre-
cipitation core within the reflectivity wings. This en-
hancement is especially prominent on the northwest
side of the storm, and indicates the presence of mod-
erate to large-sized raindrops (the polarimetric hydro-
meteor classification algorithm is discussed in detail in
the appendix). The Zpgr values decrease downwind of
these maxima, implying that the northeastern portion of
the main echo body mainly consists of smaller-sized
raindrops, which is not surprising considering the dis-
tance between this portion of the storm and the updraft.
There is also a Zpr maximum upwind of the pre-
cipitation core, which also suggests the presence of
moderate-to-large-sized raindrops in this region of the
storm.

Linear depolarization ratio (LDR) is the ratio of the
power returned by horizontally (vertically) polarized
waves from a vertically (horizontally) polarized pulse.
The amount of polarization change depends upon,
among other things, the shape of the scatterer. The
LDR values can distinguish between rain, small hail,
large hail, or mixtures of hydrometeor types.

The high values of LDR near the echo core suggest
that there is heavy rain likely mixed with hail in this
region (Fig. 6b). [The presence of hail is indicated by
high values of reflectivity (Zyy) collocated with low
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FIG. 6. Objectively analyzed SPOL polarimetric radar data at 2319 UTC 23 May 2002 at 1 km
AGL (color shading): (a) differential reflectivity, Zpg; (b) linear depolarization ratio, LDR; (c)
specific differential phase, Kpp; and (d) cross-correlation coefficient between the horizontally
and vertically polarized waves, py,,. Equivalent radar reflectivity factor contours are overlaid at

10-dBZ, intervals, starting at 10 dBZ..

values of Zpr.] The raindrops within the core of the
storm are either being shed from melting hailstones or
are raindrops with partially melted hailstones in their
centers. It is also possible that the raindrops could be
originating from the melting of other hydrometeors.
Any hailstones would likely have been 9 mm in diam-
eter or larger, however (see the appendix). There are
some signs of smaller patches of larger hail in the hail-
size categorization discussed below.

Specific differential phase (Kpp) is the difference in
the phase shift of the horizontally and vertically polar-
ized waves due to changes in the speed of the radar
pulses as they travel through hydrometeors. Large
values of Kpp indicate the presence of hydrometeors
with high water content, and values closer to zero in-
dicate hydrometeors with small water content.

The SPOL polarimetric fields indicate small Zpgr
values collocated with large values of Kpp near the echo
core (Fig. 6¢c), which suggest the presence of a large
population of medium-sized raindrops, with the possi-
bility of a high water content in this region of the storm.
It is also possible that a few hailstones are mixed in with
the rain in this region. The modestly high reflectivity
values collocated with the hail signature implies that any
hailstones are generally small in size. This is not consis-
tent with the two reports of hail 3-5 cm in diameter noted
in section 2, however. In the wings of the reflectivity
pattern, the large values of Zpr and small values of Kpp
indicate the presence of a few large raindrops, whose
total population has a small liquid water content.

The cross-correlation coefficient between the hori-
zontally and vertically polarized waves (pyy) is generally
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FI1G. 7. Relative raindrop size fields at 1 km AGL at (a) 2302, (b) 2319, (c) 2342, and (d) 2359
UTC 23 May 2002, derived from the SPOL dual-polarimetric radar data (see legend). Equiv-
alent radar reflectivity factor contours are overlaid at 10-dBZ, intervals, starting at 10 dBZ..
Note that the drop size fields in (b) were derived from the polarimetric radar data in Fig. 6.

near unity if the radar beam only encounters raindrops.
Mixed precipitation types and hailstones cause this pa-
rameter to be significantly less than one because these
hydrometeor species scatter vertically and horizontally
polarized waves differently, which would naturally de-
crease the correlation coefficient between the two fields.

A plot of py, from SPOL (Fig. 6d) reveals high values
(approaching unity) downwind of the precipitation core,
implying rain in this region. Closer to the reflectivity
core, the values decrease, which is consistent with the
presence of a mixture of rain and hail, or larger hail (see
the appendix). Also, the py, field is not suggesting very
large hailstones anywhere in the storm.

The polarimetric hydrometeor classification algo-
rithm (HCA; Straka et al. 2000) raindrop size distribu-
tion (Fig. 7) illustrates that raindrop size is well
correlated with reflectivity. This association would be
somewhat expected, however, given that Zyy and Zpr
both factor into the HCA. Throughout the evolution of
the storm, the largest raindrops are found within the

precipitation core and along the left flank of the main
echo body. Relatively smaller drops are indicated
within the low reflectivity notch, which runs approxi-
mately along the major axis of the echo. The larger
drops are predominantly located near the echo core at
2302 UTC (Fig. 7a), but larger drops are also indicated
sporadically along the reflectivity wings by 2319 UTC
(Fig. 7b). At 2342 UTC (Fig. 7c), there may be more hail
within the reflectivity core than at other times, because
the HCA does not return a large raindrop size classifi-
cation within the reflectivity core. Large drops are also
likely present along the echo flanks at this time. By 2359
UTC (Fig. 7d), the HCA again returns a large raindrop
signature near the echo core as well as along the left
flank of the storm.

The HCA hydrometeor classifications from SPOL at
1, 4, and 7 km at 2302, 2319, 2342, and 2359 UTC are
consistent from time to time, and from level to level at
each time (Fig. 8). At 1 km AGL, there is only rain and a
rain—hail mixture present. There are also signatures of a

Unauthenticated | Downloaded 02/29/24 06:59 PM UTC



552

a) 2302 UTC b) 2319 UTC

MONTHLY WEATHER REVIEW

c) 2342 UTC

VOLUME 137

d) 2359 UTC

N\

=
\ ’sm\&\/

rain snow

graupel hail

rain and hail

FIG. 8. Hydrometeor fields at 1, 4, and 7 km AGL at (a) 2302, (b) 2319, (c) 2342, and (d) 2359 UTC 23 May 2002, derived from the
SPOL dual-polarimetric radar data (see legend). Equivalent radar reflectivity factor contours are overlaid at 10-dBZ, intervals, starting at
10 dBZ,. Note that the hydrometeor fields in the 1 km AGL slice in (b) were derived from the polarimetric radar data in Fig. 6.

rain—hail mixture present in the tight reflectivity gradi-
ents near and just downwind of the precipitation core.
These signatures are likely false because one would not
expect to find hail confined within a reflectivity gradient,
while hail was not present in the nearby reflectivity
wings, which contain high reflectivity. (The use of fuzzy
logic in the HCA reduces, but does not eliminate mis-
classifications of hydrometeor types as outlined in the
appendix.) At 4 km AGL, the rain-hail mix becomes all
hail and is surrounded by a large region of graupel.
Farther downwind, where the reflectivity is lower, there
is the expected mix of graupel and snow. The hail sig-
nature at this level weakens with time near the end of
the observation period. Snow and graupel prevail at 7
km AGL, and it is likely that there is no liquid water
present or melting occurring at this elevation, given an
updraft temperature of 0°C at 4 km AGL, assuming
moist adiabatic ascent. (The ambient 0°C isotherm is at
3.5 km AGL, and the ambient 7 km temperature is
—28°C.) Even at 7 km, there is a signature of hail near
the reflectivity core, which also weakens with time, like
that seen at 4 km.

There was a brief period of overlap in polarimetric
data collection between the SPOL and XPOL radars,
allowing for one of the first comparisons of polarimetric
data from two different radars collected nearly simul-
taneously. Only Zpg values are available from XPOL,

and they are compared with those from SPOL (Fig. 9).
Both Zpgr fields exhibit the same general pattern
(Fig. 9), with Zpr maxima located in the wings of
high reflectivity and a minimum in the low-reflectivity
notch. The near-zero Zpgr values previously seen near
the echo core have disappeared by this time (cf. Figs. 6a
and 9).

The SPOL Zpgr values are slightly lower than the
XPOL Zpg values in the southern echo wing (Fig. 9).
This difference is likely not due to attenuation of the
SPOL beam, because SPOL operates at a wavelength of
10 cm, and any attenuation of radiation by heavy pre-
cipitation at this wavelength is negligible (Doviak and
Zrnic 1993, p. 42). A more likely explanation for this
Zpr discrepancy is that the XPOL beam significantly
scatters owing to large precipitation particles within the
southern echo wing (Fig. 7). Attenuation of the XPOL
beam appears to be the reason for the large area of
negative Zpg values on the northern and western flanks
of the storm (Fig. 9). Given the positive Zpgr values
throughout most of the storm, the horizontally polar-
ized beam was likely attenuated more than the verti-
cally polarized beam, meaning that relatively less power
was returned by the horizontally polarized beam than
by the vertically polarized beam. Thus, the logarithm of
the ratio of the returned power from each beam would
tend toward zero, or even become negative.
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FIG. 9. Objectively analyzed differential reflectivity, Zpg, at 2359 UTC 23 May 2002 at 1 km
AGL (color shading) from the (a) SPOL radar and (b) XPOL radar. Equivalent radar re-
flectivity factor contours are overlaid at 10-dBZ, intervals, starting at 10 dBZ,.

Other previous polarimetric analyses of supercells
bear much resemblance to the case examined herein,
especially within the forward flanks of the respective
storms. Ryzhkov et al. (2005) examined polarimetric
data acquired in three different supercells (3 May 1999,
and 8 and 9 May 2003; their Figs. 2, 5, and 9, respec-
tively), all of which produced F2 or stronger tornadoes
while being analyzed. In all three cases, it was found
that significant Zpgr values remained below about 1.0
km AGL within the forward flanks of the storms. In
both cases where a plan view near 1 km AGL was
presented (the 8 and 9 May 2003 cases), the maximum
values of Zpr were located outside of the main re-
flectivity core, which matches the present case well. The
values of py, from those two cases also closely matched
those seen in this case (a radar calibration error in the
remaining case rendered those pp, values untrustwor-
thy). The storms of 3 May 1999 and 8 May 2003 also
contained a maximum in py, within the main echo body
that was near, but not collocated with the highest
reflectivity values. It could not be determined whether
this was the case in the 9 May 2003 storm. A hydrometeor
classification was not attempted in that study, and the
only variables presented were reflectivity, single-Doppler
velocity, Zpg, and ppy.-

A later study by Heinselman and Ryzhkov (2006)
presented selected polarimetric fields and attempted a
hydrometeor classification (see their Fig. 3) for a storm
that occurred on 19 May 2003. This storm did not ap-
pear to be as well organized as those mentioned above,
but it still contained a sharp reflectivity gradient on its
right flank, much like the storm of 23 May 2002. This
supercell also produced hail of a similar size (up to 4.5

cm) to the present case. The maxima in Zpgr and ppy
were also slightly removed from the maximum re-
flectivity values, as discussed above. It is important to
only compare polarimetric data collected at similar
heights in different storms because microphysical pro-
cesses, such as the melting of hydrometeors, can
strongly influence some of the polarimetric fields (e.g.,
Zpr), making polarimetric variables vary considerably
with height.

In summary, the Lipscomb County supercell of 23
May 2002 had prominent reflectivity wings of un-
known origin. Like the storm itself, the reflectivity
wings were long lasting and steadily increased in size
during the observation period. Both the wings and the
storm began a gradual weakening trend after 2342
UTC, but the wings maintained their size through 2359
UTC. The Zpgr and py, fields also showed agreement
with those collected in other supercell storms in other
studies. There was also good agreement between the
Zpr fields collected by the SPOL and XPOL radars,
except for in the areas in which the XPOL beam was
attenuated.

5. Dual-Doppler observations

The Lipscomb County storm maintains its supercell
structure through the onset of dual-Doppler observa-
tions at 2345 UTC (Fig. 10a). The storm begins a slow
weakening trend by 0000 UTC (Fig. 10b), such that by
0015 UTC (Fig. 10c), most of the classic supercell
structure (e.g., the echo appendage and the large re-
flectivity gradient along its right flank) has disappeared.
By 0030 UTC, only a small echo core greater than 40
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