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1. INTRODUCTION

In the central Great Plains mesoscale convective system |
(MCSs) account for a large fraction of the precipitation | [
that falls in the warm season (Fritsch et al., 1986). The
heavy precipitation associated with these MCSs typi-
cally occurs during the overnight hours. Convection that
is initiated overnight in the central Great Plains is of- -~
ten elevated (i.e. feeding on air parcels from above the |
boundary layer). Elevated convection may arise When""‘s,,f
radiative cooling stabilizes the planetary boundary layer—-
(PBL). In such cases, the low-level jet (LLJ) may be im- F‘ﬂ‘*“‘
portant in transporting moist, conditionally unstable air \“»H——Lw
into the convective region. Trier et al. (2006) found that _ f
the LLJ is the most likely source of moisture that helps |
maintain the convection. However, since the majority . ] ) ) o

of r_neteorological_observatio_ns occur at the Sl_Jrface, it i:{;S’V“gesiié;‘gfje“;’%ﬁt@l'(”fféiséfféfgﬁgn'gelh'(ilgif)er' Raders and
difficult to determine the forcing and propagation mech-

anisms of elevated convection. Without this understand-

ing, and lacking frequent and dense upper air observa-

tions, forecasting elevated convection remains difficult.2. DATA

Few studies of the evolution, maintenance and propagaWSR_SSD NEXRAD Level-Il radar data from multiple

tion of elevated systems have been undertaken. . - . : Vs
sites were utilized, (Fig.1) to depict the storms’ initia-
In an attempt to better understand these processes thg, structure, and motions. Twenty-four dropsondes
case of 23 June 2003 will be examined. In & nocturyyere also released during the event as a part of BAMEX
nal environment on 23 June 2003, two different mOdeS(Davis etal., 2004). Several key dropsondes (Fig.1) pro-

of convection coexisted in very close proximity. 1S0- yige an excellent temporal and spatial resolution of the
lated cells, which appeared to be elevated, occurredironment near the convection.

near a large squall line in which the convection ap-

peared to be surfaced-based. 22-23 June 2003 is re-

membered for both the Aurora, Nebraska supercell thag: BACKGROUND ENVIRONMENT
produced the record breaking hailstone and the Superiob fing the morning hours on 22 June 2003, convec-
Nebraska sup_ercgll that prOdL.JCEd the strongest measur?léln moved through northern Kansas, eastern ’Nebraska,
mesocyclone in history (Wakimoto et al., 2004). Theseand lowa. Outflow from this convection, slowly moving
storms were sampled by the Bow Echo and MCV Ex

. t (BAMEX s of southeastern Neb k'westward, persisted into the late afternoon hours over a
periment ( ) over parts of southeastern Nebras arge section of eastern Nebraska, northeastern Kansas,

Western lowa and southeastern South Dakota (Fig.2).
The western outflow boundary was aligned roughly from
north to south. In addition a stationary boundary ex-

tended southward from central Nebraska and a dry line
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billi2@ncsu.edu very unstable. At 0000 UTC 23 June 2003 the Topeka,

nal evolution of has received little attention.
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Figure 2: Analysis of the Surface Boundaries valid at 2200 UTC 22 DI,
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side of the outflow, had a convective available potential
energy (CAPE) of 5245 J kg with minimal convective
inhibition (CIN) around 800 hPa (Fig.3a). This unstable
environment was also supportive of supercell develop-
ment with a curved hodograph and a O to 6 km shear
vector magnitude of 19 m3 (Fig.3b). Supercells were
initiated on the western edge of the outflow in south cen-
tral Nebraska around 2200 UTC 22 June 2003.

4. STORM STRUCTURE AND EVOLUTION

4.1 Initial Supercells

The storms that were initiated on the north-south ori-,~

ented outflow boundary quickly matured into supercells
(Fig.4a,b). The supercell located over Aurora, Nebrask:
dropped the record breaking hailstone at approximatel

—B50hPa 4o

ﬁhmxm \ N

.

0005 UTC 23 June 2003 based on the National Weathe :
Service (NWS) storm reports. A second strong super-

cell remained quasi-stationary near Deshler, Nebraska.
The NWS storm reports document tornadoes near Desh-
ler, Nebraska between 2340 UTC 22 June 2003 and 0030
UTC 23 June 2003.

Figure 3: Topeka, Kansas (KTOP) (a)Skew-t and (b)hodograph at 0000

UTC 23 June 2003.

4.2 Consolidation into a Squall Line

Between 2200 UTC 22 June 2003 and 0200 23 June
2003 six storms were initiated to the southwest of the
Deshler supercell and moved northeastward. The col-
lisions of these storms with the Deshler supercell ap-
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Figure 4: WSR-88D 0.5 Radar reflectivity(left) and radial velocity(right) scans from KUEX at (a,b) 0003 UTC 23 June 2003, (c,d) 0208 UTC,
and (e,f) 0603 UTC. Ovals signify areas of interest. The location of the radar is shown in Fig.1.
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Figure 5: Radar reflectivity at 0238 UTC 23 June 2003 from the WSR-

88D located at UEX. Ovals signify areas of interest. Figure 6: Radar reflectivity at 0832 UTC 23 June 2003 from the WSR-

88D located at UEX. Ovals signify areas of interest

peared to change its character. Based on Doppler velo, |MPLICATIONS

ity data from Hastings, Nebraska (KUEX), by 0210 UTC

the original Deshler supercell was not rotating and wad3etween 0400 UTC and 0800 UTC 23 June 2003 the
predominated by low- level outflow (Fig.4c,d). The out- WO different modes of storms exhibited a nearly com-
flow was close to a mesocyclone that was associated witA1on leading edge, however, their forcing mechanisms
a supercell near Superior, Nebraska (Wakimoto et al.were apparently different. Throughout the nighttime and
2004). In turn, the Superior supercell then collided with €arly morning hours the environment experienced noc-
the Deshler supercell. We hypothesize that these colliturnal radiative cooling, which would tend to stabilize
sions enhanced the total precipitation mass which in turihe PBL and suppress “surface—based” convection. The
led to a stronger cold pool. Near 0330 UTC the mesocy-Concordia (KCNK) and Manhattan (KMHK), Kansas
clone in the Superior supercell had dissipated, with onlysurface observations reveal that the squall line continued
a strong outflow and elongated reflectivity core remain-to possess a surface cold pool well into the nighttime
ing. The outflow appeared to be the dominant forcing forhours. At 0455 UTC the KCNK Automated Surface Ob-
new convection between 0330 UTC and 0800 UTC, durServing System (ASOS) recorded a surface temperature
ing which time the orientation of the convection evolved ©f 27°C with a southerly wind. Approximately ten min-

into an east-west quasi-stationary squall line (Fig.4e,f). utes later the temperature decreasedifyand the wind
became northerly. KMHK, however, recorded a temper-

ature of 26C with south/southeasterly winds, which did
4.3 Subsequent Behavior not change over the next hour. One possibility is that

nocturnal convective systems with strong cold pools may
Around the same time that the cells in Nebraska and exeontinue ingesting low-level air and remain “surface—
treme northern Kansas were mergingd(30 UTC) ad- based”. This hypothesis is addressed elsewhere in this
ditional isolated storms were being initiated along thevolume by Parker (2006).
dry line in western Kansas (Fig.5). The storms moved The environment behind the squall line is character-
quickly toward the northeast. During a relatively long ized by dropsonde 11, released at 0556 UTC (Fig.7a).
period of time 0400 UTC - 0830 UTC), the storms This environment is characterized by surface based
that were initiated in Kansas and the squall line in south-CAPE (SBCAPE) values at 536 J kY and surface
eastern Nebraska coexisted in close proximity to one anbased Convective Inhibition (SBCIN) of -467 J kg
other (Fig.4e, but exhibited different behaviors. The iso-in short, this is the squall line’s cold pool. The envi-
lated cells appeared to be aligned with the primary squaltonment ahead of the squall line is represented by drop-
line along the Nebraska-Kansas boarder for some timsonde 17, released at 0634 UTC (Fig.7b) with SBCAPE
(Fig.4e). However,the western storms continued to movef 2524 J kg and SBCIN of -186 J kg'. The large
slowly northeastward while the squall line continued to SBCIN means that a deep cold pool would be neces-
move slowly southward. By 0830 UTC, the two com- sary for the squall line to ingest the surface air. Prelim-
plexes had moved away from one another (Fig.6). inary results from radar and dropsonde analysis (Bryan
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Figure 7: Dropsondes plotted on a skew-t/log-p diagram from:(a) 0546 UTC 23 June 2003, Drp11 (b) 0634 UTC 23 June 2003, Drp17 (c) 0618
UTC 23 June 2003, Drp15. Locations are shown in Fig.1.

et al., 2005) show that the cold pool depth was approxiward moving squall line existed in relatively similar ver-
mately 1.5 km. The surface based level of free convectical wind shear environments, suggesting that other fac-
tion (SBLFC) was approximately 2.5km AGL based on tors are responsible for their differences. In general, the
dropsonde 17. Particularly in strongly sheared eviron-hodographs favored northeastward storm motion. Radar
ments, it is quite possible to accomplish lifting of this animations reveal that, within the squall line, individ-
depth at an outflow boundary (e.g. Weisman and Roual storm motions were toward the northeast. However,
tunno (2004)). We therefore surmise that the squall linepropagation due to retriggering along the systems out-
remained cold pool — driven through the episode. Theflow boundary caused the line to move slowly south-
slowly southward moving cold pool explains the squallward. This reinforces the notion of a cold pool driven
line’s southward storm motion. system, suggesting the interesting possibility that noc-
Some of the isolated northeastward moving stormgurnal convective systems may be surface—based despite
evolved into a line by 0600 UTC. However, a super-large amounts of CIN.
cell was also evident at the extreme western edge of the
convective line (Fig.4e), and NWS storm reports docu-
ment three tornadoes produced between 0600 and 07060' CONCLUSIONS
UTC by this supercell. The environment of this group of On 22-23 June 2003 three different groups of storms ex-
storms was sampled by dropsonde 15 released at 0648ted in a relatively similar environment. Initially sev-
UTC (Fig.7c), yielding SBCAPE of 2960 J kg and  eral stationary supercells developed, after which new
SBCIN of -219 J kg'. The -219 J kg' SBCIN would  storms rapidly moved northeastward and collided with
likely supress surface—based convection. However, theéhe Deshler supercell. These collisions enhanced the
most unstable air parcel located approximately 1 kmtotal hydrometer content and thus the total precipi-
AGL at 806 hPa had more CAPE (most unstable CAPEtation mass leading to a colder, deeper, and overall
of 3281 J kg'!) and lower CIN (most unstable CIN of stronger cold pool, that slowly propagated southward.
-31 J kg!). This preliminary evidence suggests that the The cold pool was responsible for the nocturnal evolu-
isolated cells were likely elevated, although the tornadaion of the convection into a seemingly surface-based,
prduction remains curious. east-west orientated, quasi-stationary squall line near
Hodographs of dropsondes 15 released at 0618 UTGhe Nebraska-Kansas boarder. At the same time iso-
16 released at 0626 UTC, 17, released at 0634 UTdated storms to the southwest were moving northeast-
and 18 released at 0640 UTC (not shown), reveal thatvard. Large negative SBCIN values suggest that these
the northeastward moving cells and the slowly south-cells were elevated, whereas there is evidence that the



squall line was cold pool driven and may have continued
to be surface—based.

Future studies will include using the Weather Re-
search and Forecasting model to simulate this event. Pre-
liminary model simulations show that the squall line
evolution is well represented. With these simulations
we hope to better understand how elevated and surface
based convective storms might exist near one another.
Studies will also include tests to better understand the
initial quasi-stationary supercells observed on this day.
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