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ABSTRACT

A QuasiLinear Convective System (QLCS) deveddmluring the morning of 4 March
2004o0ver west Texas and moved acrdgxas throughout the dayhs the QLCSpushed through
the San AngeloT X National Weather ServiogNWS) county warning area, thereaw widespread
wind damagendsome areas of tornado damagddultiple mesacale circulationgmesovortices)
were embedded within the QLCS as it moved across west central Texas and were responsible for
several of the tornada This studyexamines the various processesrmsovortex genesisithin
the QLCS andhow themesovorticesnteraced with one another Forecasters in the NWS need to
be aware bthese types of storm behavioshen considering warning decisions and maintgnin
situational awareness

1. Introduction

A quastlinear convective system (QLCSleveloped during the morning of 4 March
2004 ovemwest Texas TheQLCSintensifiedas itmoved acrossvestcentral Texas from about
1430 UTC to 1830 UTGQesulting in11 tornadeas, 24 severe wid events an® severe hail
events across the San Angelo, TX National Weather Service (NWS) county warning area (CWA)

(Fig. 1 from the Storm Rediction Center archivis While the QLCS caused widespread wind

damage across west central Texamndge surveyperformedby the San Angelo, TX NWS
weatherforecast office(WFO) found several areas of tornado damage (Storm, Rags), and
the strongstwere rated F2mthe Fujita scal@-ujita, 1981,winds 113 mph to 157 mph).

Analysis of radar data from this evesiiggests that several mesoscale circulations or
mesovortices (meswm-scale circulations forming at low levels along a gust front, OrlaaSki5)

developed within the QLCSnd may have been responsible for the tornado damage. At least
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one persistent mesovortex exhibited characteristics of a supercell andsten with other
smaller mesovortices. The purpose of this study is to understand the various processes for
mesovortex genesi s as we | | as a persistent
mesovortices within the QLCS on 4 March 2004. The varying modes siivokex genesis in
close proximity in both space and time further complicate the warning préeedmg to short
lead times for radar based warnings. NWS forecasters need to have an awareness of these
processes when analyzing radar data for mesoscalgations.

Several mesovorticesxhibited different characteristics which formed within the QLCS
One large mesovortex was persistent while other mesovortices were smaller and shorter lived.
This mesovortex variability suggests the possibility of diffg modes of mesovortex genesis.
Recent research has stated that there is no clear conceptual model for mesovortex genesis
(Introduction in Atkins and St. Laurent, 2009 Part Il). However, Atkins and St. Laurent (2009,
Part 1 and Il, both referred to a&L09 hereafter) developed two conceptual models for
mesovortex genesis within a QLCS, one of which pertained to cyebmfyc rotating
mesovortices. Figure 15 from Atkins and St. Laurent (2009) Part 1l shows that a cyeibnic
mesovortex could developoim downdraft parcels of air (possibly from a redlow jet, RIJ)
gaining solenoidally generated horizontal vorticigtwould then be tilted by an updraft along
the gust front. Rotation would increase as the updraft vertically stretches the vorfitid@
point out that this process could occur during nearly all stages of QLCS evolution. The second
process for mesovortex genesis (Fig. 16 in Atkins and St. Laurent, 2009 Part Il) involves the RIJ
enhancing the cold pool and horizontal vorticity aldimg gust front. A localized updraft would
then tilt the horizontal vorticity creating a vertical vorticity couplet with the cyclonic rotating

vortex on the northern side of the updratft.



The QLCS processes fanesovortex genesis in ALO9 aire contrast ¢ prior studies by
Trapp and Weisma(2003 andWeisman and Trap(2003, both referred to as TWO03 hereatfter.
The conceptual model developedHigure 23 from Weisman and Trapp (2003) shows that a
descending downdraft such afk#) is responsible for tilhg horizontal vorticity along the gust
front. An updraft within this QLCS then ingests this horizontal vorticity to form a vortex
couplet. The cyclonic vortex becomes the dominant circulation due to local effects of the
Coriolis force, and its rotatiomay increase through vertical stretching within the updratft.

This study investigates mesovortex genesis within the QLCS, and the interaction of a
persistent mesovortex with the other mesovorticsction 2 of this study will discuss te®rm
environmem of the event. Radar analysis of the mesovorticesbedded within the QLCEB
presented itsection3. Concluding emarks are made in Section 4
2. Storm Environment Overview

Upper level forcingvas associated 500 hPa low located southwest of EI Ra%6 over
northern Mexico at 12 UTC (panel k&ig. 2). The lowmoved into the Texas panhandle by 00
UTC 5 March 2004 (panel Bsig. 2). During this 12 hour period, height falls of 15 dés0
metas) at 500 hPa were observed at Midland, TX (KMAF) which indicated large scale ascent
had moved into the region. A cold front aldfo¢atelli et al, 1997, 1998 providedthe primary
upper level forcing of the QLCS&s evidenced by a 12 hour 700 hPa tawetpee difference of
9° C at KMAF (panels C and [kig. 2). Low-level forcing along a surface cold front helped
organize convection in a line that moved across Texas. The surface analysis at 16 UTC 4 March
2004 €ig. 3) depicts a developing surface cyclone located between Abilene (KABI) and
Sweetwater, TX (KSWW) witla warmfront extending towards the Red Riverhe surface cold
front trailed from the surface low twest of San Angelo, TXKSJT)with the QLCS developing

along the front



Local Analysis and Prediction SystdinAPS, McGinley, 1989 Albers 1995 Albers et
al., 1996 data is analyzed to assess the storm environment because of its spatial amdl temp
resolution. Craven et al. (2002a) advised caution while using LAPS data with surface based
parcels since computed convective available potential energy (CAPE) may be overestimated, and
lifted condensation level (LCL) heights and convective inhibi{@iN) may be underestimated.

With these cautions in mind, LAPS data revealed a moderately unstable warm sector by 17 UTC
(Fig. 4), with a broad area of CAPE greater th2000 Jkg™ that stretcted from KABI to
Junction, TX (KICT) and a center of maximuBAPE greater than 2400k between KABI

and KSJT. The cap over this region of instability was weak with a broad area of CIN less than
20 J kg'. Deep layertsear was also strong withost of theregion experiencing@to 80 knots

(about 30 to 40n s') of 0-6 km bulk sheartal7 UTC ig. 5). Also at17 UTC, an area of-8

km Storm Relative Helicity$RH) greater than 350 fis? developed from KSJT tBrownwood,

TX (KBWD) (Fig. 5). Over the next couple of hours, this area of SRHesh#ast as the QLCS
movedeastward.Additionally, 0-1 km shear of around 20 to 30 knots (10 tarl§') with LCL

heights of 506700 meters AGLKig. 6) was present throughout the storm environment.

Given these parameters, the storm environment was supportive of both the development
of supercells and a QLCS. With moderate instability in the environment, rotating updrafts were
preferential due to the presmnof 06 km bulk shear greater thatd knots @0 ms') as
suggested bRasmussen and Blanchafth99 and SRHgreater than 150 fis? (DaviesJones
1993 Johns et al.1993 Rasmussen and Blanchal®98. Furthermore, the presence of strong
0-1 km shar and low LCL heights favored significant supercell tornadoes (causing F2 or greater
damage) based on studies by Brooks and Craven (2002) and Craven et al. (2082Is)nce
the environment was weakly capped wilge scaldinear forcing,one could gpect a QLCS to

develop with mesovortices similar to those produced in the simulations of TW03. Simulations of
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QLCSs andneswortices byTWO03 utilized CAPE of 2200 kg* and 20 to 36n s' of shear over
a depth of 2.5 km to 5 km above the ground. Thérenmental CAPE of 200@400J kg*
compares well with these simulations. While not a direct comparison, sincettlenGshear
was stronger than in the simulations, the environmental shear would still support a QLCS.
3. Evolution of Mesovortices withinthe QuastLinear Convective System
a. Evolutionof a Persistent Mesovortex

Sincea QLCS developed withithe stormenvironmentit is importantto remember that
mesovortex genesis coutteoreticallyoccur through both QLCS processes outlined in TWO03
andAL09. A line of thunderstorms developed from 15800 UTC on 4 March 200£4i1Q. 771

Animation 1 Fig. 87 Animation 9. The thunderstorms organized into a QLCS from 16820

UTC. A mesovortex (mesovortex 1), as evidenced by a weak curling hook like reflectivity

structure Eig. 7 7 Animation 1 from 1626 to 1641 UTC), developed along the QLCS in

northeast Irion County, and moved northeast through Tom Green County from 1621 UTC to
1656 UTC. The formation of mesovortex 1 was consistent with both TW03 and AL09. The
reflectivity data Animation 1) showedthe rapid development of a QLCS, as well as a RIJ
(Weisman and Rothing, 2004;Weisman 1992 as evidenced in the base velocity daiey.(9).
Mesovortex 1 formed to the north of the apex of a bowing segrkémt 10. It cannot be
known from the observed datdhether the RIJ or the updratft tilted horizontal vorticity along the
gust front, buthere is evidence thabrticity was ingested into a developing updraft within the
QLCS. Strong rotation was seen to quickly develop through the lowest 7000 feet ofritne sto

(Table 7 Fig. 11). The genesis of mesovortex 1 showed that QLCS processes (TW03 or AL09)

were favored in the environment.
As mesovortex 1 weakened from 1656 UTC to 1711 UTC, a new updrakdawrnthe

north of it or southeast of Blackwell, TX. With the new updraft and QLCS moving towards the
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KDYX WSR-88D, the updraft began to rotate with a reflectivity core to its west from 1701 UTC

to 1716 UTC Fig. 127 Animation 3 Fig. 137 Animation 4. From 1716 UTC to 1731 UTC,

rotation became well defined amctended upward into the storm as seen in higher elevation

slices of the radar data (1.5, 2.4 and 3.4 degree tilksimation 4 also sedlable 2andFig.

14). The developing mesovortex (mesovortex 2) persisted from 1731 UTC through 1903 UTC
(Animation 3 4).

For much of its life cycle, the storm structure of mesovortex 2 was similar to that of a
supercell. The storm had a persistent mesovortex similar to a mesocycldnedaveloped a
hook echo, inflow notchand areflectivity core. A rearflank downdraft (RFD) may be expected
given this structure, buiase velocity radar data from 1716 UTEqg, 195 and 1736 UTCKig.
16) showed evidence of a RIJ as part of the Qli&Head Mesowrtex 2 formed from the low
levels and quickly built into the mid levels of the storm from 1726 UTC to 1741 UTC

(Animation 4 also se@able 2andFig. 14. It was during this time that the storm best exhibited

characteristics of a supercelHowever, the genesis of mesovortex 2 differed from that of a
supercell DaviesJones 1984; DaviesJones et al.200]). The genesis of mesosex 2 was
consistent with both TWO03 and ALQ9 since it formed quickly from the low levels of the updraft
and given its proximity to the RIIMesovortex 2 persisted despite two time periods (A2

UTC and 18221833 UTC inAnimation 4 also se€lable 2and Fig. 14 where it weakened

slightly. Even though its strength fluctuated, mesovortex 2 maintained at least moderate
mesocycloe strength based on the 2 NM nomogr&ig.(17 Andra 1997 for much of its life
cycle (Table 3. Mesovortex 2 strengthened to produce an F2 tornado in Tuscola, TX around
1736 UTC, and an F1 taado at Potosi, TX around 1754 UTC (Storm D@@04) the latter of

whichoccurredduringone ot h e me s oveaker phases{msld. Mesovortex 2 produced
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an FO tornado (Storm Data004) northeast of Clyde, TX aroun8183 UTC when ibriefly re-
strengthenedFig. 14.

The genesis of mesovortex Was consistent with both QLCS processes (TW03 and
ALQ9), but the processes described by ALO9 may be favored sineeyaltthic mesovortices
wereabsent From 1701 UTC to 1736 UTC, given its proximity to downdraft parcels from the
RIJ, the developing updraft gained rotatlixely by ingesting these downdraft pargeish with

horizontal vorticity thathad been tilted into the verticalong the gst front Eig. 16 Fig. 18.

The cyclonc rotation established itself artde updraft became momgonouncedwithin the
QLCS. The evolution of mesovortex 2 through QLCS processes showedesaintiechanisms
were capable of developing a circulation similar in size and intensity of a supercellular
mesocyclone. The supercellular characteristics of mesovortex 2 were cangitesome of
themesovortex behaviors imoth ALO9 and TWO03
b. Thelnteractionof Mesovortices

In addition to mesovortex 2, there were smaller mesovortices that developed along the
QLCS, two of which interacted with mesovortex 2. These mesovortices (3 and 4) exhibited
some of the same characteristics simulated by TW03A40®. They appeared to form in a
similar manner as mesovortex 1, and had shorter life cycles than mesovortex 2. While discussed
earlier, mesovortex 1 deserves further analysis because it was more pronounced than the other
mesovortices. Mesovortex 1 foeeh near the apex of a bowing segment in the QLES 6,

Fig. 10. It had a curling, hook like reflectivity structure that moved out in front of the QLCS.

The diameter of the circulation was aibd.5 NM (Table ] Fig. 11), and reached up to 6790 feet
above ground level (AGL). The circulation developed rapidly, and persisted for about 25 to 30
minutes before quickly weakening. An F1 tado was reported at Carlsbad or southeast of

Water Valley at 1641 UTC (Storm Da004) as mesovortex 1 moved through the area. At this
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time, mesovortex 1 was a strong to moderate mesocyclone based on the 2 NM norkagram (
17) with a rotational velocity shear of 45 knots at 1165 feet AGhb(e ). The evolution of
mesovortex 1 showed that mesovortices could not only develop rapidly, but also become strong
enough to produce a tornado.

Mesovorte 1 weakened and dissipated from 1651 UTC to 1715 UNrih{ations 1, 2).
From 1721 to 1726 UTC another small mesovor(et NM in diameter, mesovortex 3)
developed in the favorable part of the QLCS near the apex of the bowing sefmgeff (Fig.
20). Weak tornado damage of FO was reported at 1726 UTC netovtheof Bradshaw, TX
which was in the vicinity of mesovortex 3. Note that this occurred to the southeast of developing
mesovortex 2 discussed earlier. By 1736 UTC, mesovortex 3 had moved towards mesovortex 2

which then overtook ifFig. 16 Fig. 18. Mesovortex 2 strengthenedable 2 Fig. 14, and a

tornado was reported at Tuscola, TX (Storm Da@®4). This storm behavior suggesthdia
well established mesovortex (2) merging with a smaitersovortex(3) may haveaided
tornadogenesis. By 1747 UTC, only mesovortex 2 remained as it moved rapidly to the northeast
(Animations 34).

This type of storm behavior occurred again within the QLCS. Mesovortex 2 strengthened

from 1757 UTC to 1812 UTCT@ble 2 Fig. 14. At 1812 UTC, another small mesovortex

(mesovortex 4) developed to the southeast of mesovortex)221). At 1817 UTC, the QLCS

was about to move over the KDYX WSBBD whendata showed two distinct cirdations
associatedwith mesovortex 4 to the south of the rad&ig( 22. As was the case with
mesovortex 3, over the next three volume scans, mesovortex 2 merged with mesovortex 4 at
1833 UTC northeast of Moran, TXFig. 23. At 1830 UTC, there was a brief tornado
touchdown with damage north of Moran (Storm D&@04). The interaction of mesovortex 4

with mesovortex 2 was similar to that of mesovortex 3 in that mesovortex 2 intensified in low
8
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levels of the storm from 1833 UTC to 1843 UTGable 2 Fig. 14 and it corresponded with

tornado damage. After 1848 UTC, mesovortex 2 weakened as it moved northeast across
Stephens County throud®00 UTC fAnimations 3 4).

The interactions of the smaller mesovortices with mesovortex 2 were important because
the adar data suggested a possible link between mesovortex mergers and tornadogenesis. At a
minimum, there may be a link between the mergers and subsequent intensification of mesovortex
2. The genesis of mesovortices 1, 3 and 4 continued to support staamobaetonsistent with
QLCS processes, bthie exact process by which they formed is still uncl€glnie mesovortices
ranged in size from 1.5 NM to less than 1 NM in diameter with mesovortex 2 having a diameter
of 2-2.7 NM. Their life spans were fairly sttan the order of 15 to 30 minutes, but during this
time they became strong enough to produce tornado damage. This made the warning process
associated with the QLCS difficulespecially considering storm motions of 50 knots, and the
radar beam over shtiog these small circulations at significant ranges from the radar.
4. Conclusiors

The primary goal of this study was to understand the various processes for mesovortex
genesis and highlight the interaction of mesovortices within the QLCS on 4 March R&d4r
analysis showed that the storm environment favored mesovortex genesis through QLCS
processes described by TW03 and ALO09, but processes described bynai@favored in the
genesis of at least one persistent mesovortex (mesovortear8y dueto the absence of any
anticyclonic mesovortices From 1701 UTC to 1736 UTC, given its proximity to downdraft
parcels from the RIJ and where there was a strengthening updraft, mesovortex 2 gained rotation
by ingesting downdraft parcels from the RIJ wittrinontal vorticity that developed along the
gust front. Mesovortex 2 formed just north of the apex of a bowing segment where the RIJ was

the strongest, and it strengthened as the updraft became more dominant within the QLCS.
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Mesovortex 2 had a diametef 2-2.7 NM through its life cycle (1.5 to 2 hours). Mesovortex 2
produced several tornadoes, one of which caused F2 damage in Tuscola, TX. The supercellular
storm behavior of mesovortex 2 was also consistent with cyetorticmesovortice§AL09).

Mesovortices 1, 3, and 4 formed through QLCS processes, but it was unclear which
process was favored (TWO03 or AL09). Mesovortex 1 was the most pronounced, and similar to
mesovortex 2 with respect to size (diameter of 1.5 NM). It only persisted about 3@sniowit
during that time it was likely responsible for the tornado in Carlsbad, TX. Mesovortices 3 and 4
were similar to mesovortex, toncerning their genesis, and their location within the QLCS.
However, these mesovortices were smaller in diameteN&)l and had shorter life cycles (<30
minutes) than mesovortex 1. Mesovortices 3 and 4 were of particular interest because of their
mergers with mesovortex 2. Their mergers were coincident with mesovortex 2 maintaining
strength or subsequent strengthgnims well as brief tornadic events. This observation
suggested the possibility of linking merging mesovortices with tornadogenesis.

This type of event highlighted the importance of warning forecasters considering all the
possibilities of severe weath#reats including the various ways mesovortices can develop and
interact. Forecasters should remember the limitations of the radar during events suchass these
the mesovorticesleveloped in low levels below the radar beam, smmiewere small enough
tha radar beam width issues would likely maskirtthieie velocity signatures. These factors may
have contributed to the radar not a@tely sampling the mesovorticésading to lower detected
velocitiesthan actually occurred. The tornadic signatures tmselves in this case could have
easilyformed from rotation increasing from the bottom upward into the updraft (Trapp et al.
1999). This may have been the case as mesovortices 2, 3 and 4 moved closer to KDYX. These
circulations became more apparent oty moved closer to radar. This observation may be at

least partially due to radar sampling issues with distance from the radar.
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TABLES

Table 1 This tableprovides the rotzonal velocity shear (Vr shear) and mesocyclone strength
with time for mesovortex 1 along with its height above ground level for each elevation scan, its
distance from the raddKSJT WSR88D), and its diameter (NM). Thmesocyclone strengib

based orthe nomogram found iRig. 17. A line graph shows the rotatial velocitysheartrends

(Fig. 12).

Rotational Mesocyclone
Height Velocity Strength
Time AGL Range Diameter Shear (Vr from Tornado
(UTQO) (feet) (nm) (nm) Shear, knotg | Nomogram Damage
Mesovortex 1i 0.5 Degree Tilt
(KSJT)
1626 1090 17 1.5 31.25| MINIMAL
1631 1010 16.2 1.5 35.5| MODERATE
1636 1100 17 1.5 40.5| MODERATE
1641 1165 18 1.5 45 | STRONG F1
1646 1450 215 1.5 25.5 | MINIMAL
WEAK
1651 1730 24.9 1.5 21| SHEAR
Mesovortex 1i 1.5 Degree Tilt
(KSJT)
1626 2910 17 1.5 31.25| MINIMAL
1631 2810 16.5 1.5 35.5| MODERATE
1636 2920 17.1 1.5 35.5| MODERATE
1641 3070 18 1.5 40.5| MODERATE | F1
1646 3810 21.9 1.5 25.5| MINIMAL
1651 4370 24.9 15 26 | MINIMAL
Mesovortex 1i 2.4Degree Tilt
(KSJT)
1626 4580 17 1.5 50 | STRONG
1631 4410 16.5 1.5 50 | STRONG
1636 4540 17.1 1.5 35.5| MODERATE
1641 4810 18 1.5 40.5| MODERATE | F1
1646 5940 22 1.5 30.5| MINIMAL
WEAK
1651 6755 24.9 1.5 21| SHEAR
Mesovortex 1i 3.4 Degree Tilt
(KSJT)
1626 6340 17 1.5 45 | STRONG
1631 5960 16.6 1.5 45| STRONG
1636 6360 17.1 15 40.5| MODERATE
1641 6790 18.2 1.5 40.5| MODERATE | F1
WEAK
1646 8270 22 15 21| SHEAR
WEAK
1651 9400 24.9 1.5 16 | SHEAR
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Table 2. This table provides the rotational velocity shear (Vr shear) and mesocyclone strength
with time formesovortex along with its height above ground level for each elevation scan, its
distance from the radédkKDYX WSR-88D), and its diameter (NM). The mesocyclone strength

is based on the nomogram founddg. 17. A line graph shows the rotational velocity shear
trends Fig. 14. Unavailable radadata is shown as N/A.

Rotational
Height Velocity Mesocyclone
Time AGL Range Diameter Shear (Vr Strength from | Tornado
(UTO) (feet) (nm) (nm) Shear, knots) | Nomogram Damage
Mesovortex 2i 0.5 Degree Tilt
(KDYX)
1711 5320 58 2 40 | STRONG
1716 4750 53.6 2 30.5| MODERATE
1721 4200 49 2 30.5| MODERATE
1726 3680 45.4 2.5 35| MODERATE
1731 3310 41.2 2 40 | MODERATE | F2
1736 2730 35.6 2 40 | MODERATE | F2
1741 2380 32 2.5 45 | STRONG F2
1747 2010 28.1 2 45 | STRONG
1752 1600 23.3 2 26 | MINIMAL F1
1757 1300 19.6 2 30.5| MINIMAL F1
1802 950 15.1 2 26 | MINIMAL
1807 | N/A N/A N/A N/A N/A
1812 430 7.5 2 55 | STRONG FO
1817 215 3.8 2 55 | STRONG FO
1822 150 2.7 2 35.5| MODERATE
1827 340 6 2 35.5| MODERATE
1833 715 11.7 2 40 | MODERATE
1838 1000 15.7 2 50 | STRONG
1843 1390 20.7 2.6 50 | STRONG
1848 1760 25.2 2.6 35| MODERATE
1853 2250 30.7 2.5 30.5| MINIMAL
1858 2780 36.1 2.5 26 | MINIMAL
Mesovortex 2i 1.5 Degree Tilt
(KDYX)
1711 11490 58 2 50 | STRONG
1716 10660 54.5 2 40.5| STRONG
1721 9400 49 2 40 | STRONG
1726 8590 45.4 2.2 40.5| STRONG
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1731 7620 41.2 2.4 45 | STRONG F2
1736 6510 35.6 2 40 | MODERATE | F2
1741 5830 32.2 2.5 45 | STRONG F2
1747 5000 28.1 2 40.5| MODERATE
1752 4125 23.6 2 25.5| MINIMAL F1
1757 3430 19.6 2 35| MODERATE | F1
1802 2560 15.1 2 35.5| MODERATE
1807 1910 11.4 1.5 50 | STRONG

1812 1175 7.2 2 45 | STRONG FO
1817 625 3.9 2 45 | STRONG FO
1822 430 2.7 2 35.5| MODERATE
1827 975 6 2 35.5| MODERATE
1833 1945 11.7 2 40 | MODERATE
1838 2665 15.7 2 45 | STRONG

1843 3665 21.1 2.7 40 | MODERATE
1848 4470 25.4 2.6 40 | MODERATE
1853 5500 30.7 2.5 25.5| MINIMAL

1858 6590 36 2.5 26 | MINIMAL

Mesovortex 2i 2.4Degree Tilt
(KDYX)

1711 17150 58.4 2.5 35.5| MODERATE
1716 15900 54.5 2 35.5| MODERATE
1721 14420 50 2 50 | STRONG

1726 12970 45.5 2.2 50 | STRONG

1731 11555 41.1 2 40.5| STRONG F2
1736 10070 36.1 2.5 50 | STRONG F2
1741 8960 32.4 2.5 55| STRONG F2
1747 7620 27.9 2 50 | STRONG

1752 6340 23.4 2 40.5| MODERATE F1
1757 5255 19.6 2 35 | MODERATE F1
1802 4005 15.1 2 25.5| MINIMAL

1807 2975 11.3 2 55| STRONG

1812 1800 7 2 50 | STRONG FO
1817 940 3.7 2 45 | STRONG FO
1822 700 2.7 2 35.5| MODERATE
1827 1540 6 2 40.5| MODERATE
1833 3060 11.7 2 40 | MODERATE
1838 4170 15.7 2 45 | STRONG
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1843 5820 214 2.7 45 | STRONG
1848 7070 26 2.6 45 | STRONG
1853 8400 30.7 2.5 25.5| MINIMAL
1858 9960 35.9 2.5 30.5| MINIMAL
Mesovortex 2i 3.4 Degree Tilt
(KDYX)
1711| N/A N/A N/A N/A N/A
1716| NO CIRCULATION
1721 | NO CIRCULATION
1726| NO CIRCULATION
1731 15910 41.1 2 40 | STRONG F2
1736 13620 35.6 2 45 | STRONG F2
1741 12295 32.1 2.5 55| STRONG F2
1747 10500 27.7 2 50 | STRONG
1752 8800 23.4 2 40.5| MODERATE F1
1757 7350 19.6 2 30.5| MINIMAL F1
1802 5605 15.1 2 30.5| MINIMAL
1807 4150 11.3 2 55| STRONG
1812 2550 7 2 50 | STRONG FO
1817 1350 3.8 2 45 | STRONG FO
1822 925 2.7 2 35.5| MODERATE
1827 2140 6 2 35.5| MODERATE
1833 4310 11.7 2 40 | MODERATE
1838 5830 15.7 2 45 | STRONG
1843 8110 21.6 2.8 45 | STRONG
1848 9850 26 2.7 40.5| MODERATE
1853 11740 30.7 2.5 25.5| MINIMAL
1858 13825 35.9 2.5 30.5| MINIMAL
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FIGURES

FRELIMINARY SEVERE WERTHER REPORTS
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Figure 1. Severe weather reports for 4 March 2@@apted fron8PC storm everarchivewith
tornado repds in red, wind damage in blaad large hail in green
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http://www.spc.nssl.noaa.gov/exper/archive/events/040304/index.html

Figure 2. This four panel image shows 500 hPa observationspgtmtial heights (gray) and
temperatures (red) for panel A) at 1200 UTC 4 March 200delpR) at 0000UTC 5 March
2004. 1t showg00 hPa observations, gpotential heights (gray), temperatures (red > 0C, blue
< 0C), and dewpoint temperaturggeen, =>4C) for panel C) at 1200 UTC 4 March 2004 and
panel D) at 0000 UTC 5 Marchhe black dot in each pal marks Midland, TX (KMAF).
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Figure 3. GCES Easvisible satellite imagéor 16 UTC 4 March 2004 is shown witls UTC
surface observatior(gellow) and surface analysjgand drawn) The county outline represents

the WFO San Angelo, TX county warniagea.

20



KDMS +

oo U
kung  |<CVN K5YS
+
KPVW
+
. KRRS
KMNS  +
KLBB 4 b
(ROW . Kwvs KFFS
KPPS+KBNS .
(aTS KGHS £ g
+ + 43
HOB kGNC  KLES ‘é
2]

ce Neg Buoy Energy (J/Kg) 04.17 OHR Thu 17:OOZ+3§ 04
Pq$ Buoy Energy (J/Kg) 04.17  OHR Thu 17:00Z :Egd

Figure 4. Thel7 UTC 4 March 2004 LAPS analysiiowsCAPE (kg™, green and CIN
(JAg?, red dashed lines). The county outline represents the WFO San Angelo, TX county
warning area.
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Figure 5. This17 UTC 4 March 2004 LAPS analysihows 0-3 km SRH (*A?, greer) and 06
km bulk shear Knats, blue flags). The county outline represents the WFO San Angelo, TX
county warning area.
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Figure 6. This17 UTC 4 March 2004 LAPS analysstowslifted condensation level (eters
AGL, green contors) and €1 km bulk shear (kats, blue flags). The county outline represents
the WFO San Angelo, TX county warning area.
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