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ABSTRACT 

 A Quasi-Linear Convective System (QLCS) developed during the morning of 4 March 

2004 over west Texas and moved across Texas throughout the day.  As the QLCS pushed through 

the San Angelo, TX National Weather Service (NWS) county warning area, there was widespread 

wind damage and some areas of tornado damage.  Multiple mesoscale circulations (mesovortices) 

were embedded within the QLCS as it moved across west central Texas and were responsible for 

several of the tornadoes.  This study examines the various processes for mesovortex genesis within 

the QLCS and how the mesovortices interacted with one another.  Forecasters in the NWS need to 

be aware of these types of storm behaviors when considering warning decisions and maintaining 

situational awareness. 

____________________ 

 

1.  Introduction 

 A quasi-linear convective system (QLCS) developed during the morning of 4 March 

2004 over west Texas.  The QLCS intensified as it moved across west central Texas from about 

1430 UTC to 1830 UTC resulting in 11 tornadoes, 24 severe wind events and 3 severe hail 

events across the San Angelo, TX National Weather Service (NWS) county warning area (CWA)  

(Fig. 1 from the Storm Prediction Center archives).  While the QLCS caused widespread wind 

damage across west central Texas, damage surveys performed by the San Angelo, TX NWS 

weather forecast office (WFO) found several areas of tornado damage (Storm Data, 2004), and 

the strongest were rated F2 on the Fujita scale (Fujita, 1981, winds 113 mph to 157 mph). 

 Analysis of radar data from this event suggests that several mesoscale circulations or 

mesovortices (meso-γ-scale circulations forming at low levels along a gust front, Orlanski, 1975) 

developed within the QLCS, and may have been responsible for the tornado damage.  At least 

http://www.spc.nssl.noaa.gov/exper/archive/events/040304/index.html
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one persistent mesovortex exhibited characteristics of a supercell and co-existed with other 

smaller mesovortices.  The purpose of this study is to understand the various processes for 

mesovortex genesis as well as a persistent mesovortex’s interaction with other smaller 

mesovortices within the QLCS on 4 March 2004.  The varying modes of mesovortex genesis in 

close proximity in both space and time further complicate the warning process, leading to short 

lead times for radar based warnings.  NWS forecasters need to have an awareness of these 

processes when analyzing radar data for mesoscale circulations. 

Several mesovortices exhibited 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 differing 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 II).  However, Atkins and St. Laurent (2009, 

Part I and II, both referred to as AL09 hereafter) developed two conceptual models for 

mesovortex genesis within a QLCS, one of which pertained to cyclonic-only rotating 

mesovortices.  Figure 15 from Atkins and St. Laurent (2009) Part II shows that a cyclonic-only 

mesovortex could develop from downdraft parcels of air (possibly from a rear-inflow jet, RIJ) 

gaining solenoidally generated horizontal vorticity that would then be tilted by an updraft along 

the gust front.  Rotation would increase as the updraft vertically stretches the vorticity.  AL09 

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 II) involves the RIJ 

enhancing the cold pool and horizontal vorticity along the 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 updraft. 
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 The QLCS processes for mesovortex genesis in AL09 are in contrast to prior studies by 

Trapp and Weisman (2003) and Weisman and Trapp (2003), both referred to as TW03 hereafter.  

The conceptual model developed in Figure 23 from Weisman and Trapp (2003) shows that a 

descending downdraft such as a RIJ is responsible for tilting 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 rotation may increase through vertical stretching within the updraft. 

 This study investigates mesovortex genesis within the QLCS, and the interaction of a 

persistent mesovortex with the other mesovortices.  Section 2 of this study will discuss the storm 

environment of the event.  Radar analysis of the mesovortices embedded within the QLCS is 

presented in Section 3.  Concluding remarks are made in Section 4. 

2.  Storm Environment Overview 

 Upper level forcing was associated a 500 hPa low located southwest of El Paso, TX over 

northern Mexico at 12 UTC (panel A, Fig. 2).  The low moved into the Texas panhandle by 00 

UTC 5 March 2004 (panel B, Fig. 2).  During this 12 hour period, height falls of 15 dam (150 

meters) at 500 hPa were observed at Midland, TX (KMAF) which indicated large scale ascent 

had moved into the region.  A cold front aloft (Locatelli et al., 1997, 1998) provided the primary 

upper level forcing of the QLCS as evidenced by a 12 hour 700 hPa temperature difference of -

9° C at KMAF (panels C and D, Fig. 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 (Fig. 3) depicts a developing surface cyclone located between Abilene (KABI) and 

Sweetwater, TX (KSWW) with a warm front extending towards the Red River.  The surface cold 

front trailed from the surface low to west of San Angelo, TX (KSJT) with the QLCS developing 

along the front. 
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 Local Analysis and Prediction System (LAPS, McGinley, 1989; Albers, 1995; Albers et 

al., 1996) data is analyzed to assess the storm environment because of its spatial and temporal 

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 inhibition (CIN) 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 than 2000 J kg
-1

 that stretched from KABI to 

Junction, TX (KJCT) and a center of maximum CAPE greater than 2400 J kg
-1

 between KABI 

and KSJT.  The cap over this region of instability was weak with a broad area of CIN less than 

20 J kg
-1

.  Deep layer shear was also strong with most of the region experiencing 60 to 80 knots 

(about 30 to 40 m s
-l
) of 0-6 km bulk shear at 17 UTC (Fig. 5).  Also at 17 UTC, an area of 0-3 

km Storm Relative Helicity (SRH) greater than 350 m
2
 s

-2
 developed from KSJT to Brownwood, 

TX (KBWD) (Fig. 5).  Over the next couple of hours, this area of SRH shifted east as the QLCS 

moved eastward.  Additionally, 0-1 km shear of around 20 to 30 knots (10 to 15 m s
-l
) with LCL 

heights of 500-700 meters AGL (Fig. 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 presence of 0-6 km bulk shear greater than 40 knots (20 m s
-l
) as 

suggested by Rasmussen and Blanchard (1998) and SRH greater than 150 m
2
 s

-2
 (Davies-Jones, 

1993; Johns et al., 1993; Rasmussen and Blanchard, 1998).  Furthermore, the presence of strong 

0-1 km shear 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. (2002b).  Also since 

the environment was weakly capped with large scale linear forcing, one could expect a QLCS to 

develop with mesovortices similar to those produced in the simulations of TW03.  Simulations of 

http://laps.noaa.gov/
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QLCSs and mesovortices by TW03 utilized CAPE of 2200 J kg
-1

 and 20 to 30 m s
-l
 of shear over 

a depth of 2.5 km to 5 km above the ground.  The environmental CAPE of 2000-2400 J kg
-1

 

compares well with these simulations.  While not a direct comparison, since the 0-6 km shear 

was stronger than in the simulations, the environmental shear would still support a QLCS. 

3.  Evolution of Mesovortices within the Quasi-Linear Convective System 

a. Evolution of a Persistent Mesovortex 

 Since a QLCS developed within the storm environment, it is important to remember that 

mesovortex genesis could theoretically occur through both QLCS processes outlined in TW03 

and AL09.  A line of thunderstorms developed from 1500-1600 UTC on 4 March 2004 (Fig. 7 – 

Animation 1, Fig. 8 – Animation 2).  The thunderstorms organized into a QLCS from 1600-1620 

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

structure (Fig. 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) showed the rapid development of a QLCS, as well as a RIJ 

(Weisman and Rotunno, 2004; Weisman, 1992) as evidenced in the base velocity data (Fig. 9).  

Mesovortex 1 formed to the north of the apex of a bowing segment (Fig. 10).  It cannot be 

known from the observed data whether the RIJ or the updraft tilted horizontal vorticity along the 

gust front, but there is evidence that vorticity was ingested into a developing updraft within the 

QLCS.  Strong rotation was seen to quickly develop through the lowest 7000 feet of the storm 

(Table 1, 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 updraft formed to the 

north of it or southeast of Blackwell, TX.  With the new updraft and QLCS moving towards the 

http://www.nwas.org/ej/2010-EJ5/KSJT_reflectivity.wmv
http://www.nwas.org/ej/2010-EJ5/KSJT_SRvelocity.wmv
http://www.nwas.org/ej/2010-EJ5/KSJT_reflectivity.wmv
http://www.nwas.org/ej/2010-EJ5/KSJT_reflectivity.wmv
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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. 12 – Animation 3, Fig. 13 – Animation 4).  From 1716 UTC to 1731 UTC, 

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

slices of the radar data (1.5, 2.4 and 3.4 degree tilts in Animation 4, also see Table 2 and Fig. 

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 mesocyclone, and it developed a 

hook echo, inflow notch, and a reflectivity core.  A rear flank downdraft (RFD) may be expected 

given this structure, but base velocity radar data from 1716 UTC (Fig. 15) and 1736 UTC (Fig. 

16) showed evidence of a RIJ as part of the QLCS instead.  Mesovortex 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 see Table 2 and Fig. 14).  It was during this time that the storm best exhibited 

characteristics of a supercell.  However, the genesis of mesovortex 2 differed from that of a 

supercell (Davies-Jones, 1984; Davies-Jones et al., 2001).  The genesis of mesovortex 2 was 

consistent with both TW03 and AL09 since it formed quickly from the low levels of the updraft, 

and given its proximity to the RIJ.  Mesovortex 2 persisted despite two time periods (1752-1802 

UTC and 1822-1833 UTC in Animation 4, also see Table 2 and Fig. 14) where it weakened 

slightly.  Even though its strength fluctuated, mesovortex 2 maintained at least moderate 

mesocyclone strength based on the 2 NM nomogram (Fig. 17, Andra, 1997) for much of its life 

cycle (Table 2).  Mesovortex 2 strengthened to produce an F2 tornado in Tuscola, TX around 

1736 UTC, and an F1 tornado at Potosi, TX around 1754 UTC (Storm Data, 2004), the latter of 

which occurred during one of the mesovortex’s weaker phases (Fig. 14).  Mesovortex 2 produced 

http://www.nwas.org/ej/2010-EJ5/KDYX_reflectivity.wmv
http://www.nwas.org/ej/2010-EJ5/KDYX_SRvelocity.wmv
http://www.nwas.org/ej/2010-EJ5/KDYX_SRvelocity.wmv
http://www.nwas.org/ej/2010-EJ5/KDYX_reflectivity.wmv
http://www.nwas.org/ej/2010-EJ5/KDYX_SRvelocity.wmv
http://www.nwas.org/ej/2010-EJ5/KDYX_SRvelocity.wmv
http://www.nwas.org/ej/2010-EJ5/KDYX_SRvelocity.wmv
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an F0 tornado (Storm Data, 2004) northeast of Clyde, TX around 1813 UTC when it briefly re-

strengthened (Fig. 14). 

 The genesis of mesovortex 2 was consistent with both QLCS processes (TW03 and 

AL09), but the processes described by AL09 may be favored since anti-cyclonic mesovortices 

were absent.  From 1701 UTC to 1736 UTC, given its proximity to downdraft parcels from the 

RIJ, the developing updraft gained rotation likely by ingesting these downdraft parcels, rich with 

horizontal vorticity that had been tilted into the vertical along the gust front (Fig. 16, Fig. 18).  

The cyclonic rotation established itself and the updraft became more pronounced within the 

QLCS.  The evolution of mesovortex 2 through QLCS processes showed that these mechanisms 

were capable of developing a circulation similar in size and intensity of a supercellular 

mesocyclone.  The supercellular characteristics of mesovortex 2 were consistent with some of 

the mesovortex behaviors in both AL09 and TW03. 

b. The Interaction of 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 TW03 and AL09.  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 formed near the apex of a bowing segment in the QLCS (Fig. 9, 

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

The diameter of the circulation was about 1.5 NM (Table 1, 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 tornado was reported at Carlsbad or southeast of 

Water Valley at 1641 UTC (Storm Data, 2004) 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 nomogram (Fig. 

17) with a rotational velocity shear of 45 knots at 1165 feet AGL (Table 1).  The evolution of 

mesovortex 1 showed that mesovortices could not only develop rapidly, but also become strong 

enough to produce a tornado. 

 Mesovortex 1 weakened and dissipated from 1651 UTC to 1715 UTC (Animations 1, 2).  

From 1721 to 1726 UTC another small mesovortex (<1 NM in diameter, mesovortex 3) 

developed in the favorable part of the QLCS near the apex of the bowing segment (Fig. 19, Fig. 

20).  Weak tornado damage of F0 was reported at 1726 UTC near the town of 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 it (Fig. 16, Fig. 18).  Mesovortex 2 strengthened (Table 2, Fig. 14), and a 

tornado was reported at Tuscola, TX (Storm Data, 2004).  This storm behavior suggested that a 

well established mesovortex (2) merging with a smaller mesovortex (3) may have aided 

tornadogenesis.  By 1747 UTC, only mesovortex 2 remained as it moved rapidly to the northeast 

(Animations 3, 4). 

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

from 1757 UTC to 1812 UTC (Table 2, Fig. 14).  At 1812 UTC, another small mesovortex 

(mesovortex 4) developed to the southeast of mesovortex 2 (Fig. 21).  At 1817 UTC, the QLCS 

was about to move over the KDYX WSR-88D when data showed two distinct circulations 

associated with mesovortex 4 to the south of the radar (Fig. 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, TX (Fig. 23).  At 1830 UTC, there was a brief tornado 

touchdown with damage north of Moran (Storm Data, 2004).  The interaction of mesovortex 4 

with mesovortex 2 was similar to that of mesovortex 3 in that mesovortex 2 intensified in low 

http://www.nwas.org/ej/2010-EJ5/KSJT_reflectivity.wmv
http://www.nwas.org/ej/2010-EJ5/KSJT_SRvelocity.wmv
http://www.nwas.org/ej/2010-EJ5/KDYX_reflectivity.wmv
http://www.nwas.org/ej/2010-EJ5/KDYX_SRvelocity.wmv
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levels of the storm from 1833 UTC to 1843 UTC (Table 2, Fig. 14) and it corresponded with 

tornado damage.  After 1848 UTC, mesovortex 2 weakened as it moved northeast across 

Stephens County through 1900 UTC (Animations 3, 4). 

 The interactions of the smaller mesovortices with mesovortex 2 were important because 

the radar 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 storm behavior consistent with 

QLCS processes, but the exact process by which they formed is still unclear.  The 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 short on 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 difficult, especially considering storm motions of 50 knots, and the 

radar beam over shooting these small circulations at significant ranges from the radar. 

4. Conclusions 

 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 2004.  Radar 

analysis showed that the storm environment favored mesovortex genesis through QLCS 

processes described by TW03 and AL09, but processes described by AL09 may be favored in the 

genesis of at least one persistent mesovortex (mesovortex 2), partly due to the absence of any 

anti-cyclonic 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 with horizontal 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.  

http://www.nwas.org/ej/2010-EJ5/KDYX_reflectivity.wmv
http://www.nwas.org/ej/2010-EJ5/KDYX_SRvelocity.wmv
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Mesovortex 2 had a diameter of 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 cyclonic-only mesovortices (AL09). 

 Mesovortices 1, 3, and 4 formed through QLCS processes, but it was unclear which 

process was favored (TW03 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 30 minutes, but 

during that time it was likely responsible for the tornado in Carlsbad, TX.  Mesovortices 3 and 4 

were similar to mesovortex 1, concerning their genesis, and their location within the QLCS.  

However, these mesovortices were smaller in diameter (<1 NM), 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 strengthening, as 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 weather threats including the various ways mesovortices can develop and 

interact.  Forecasters should remember the limitations of the radar during events such as these as 

the mesovortices developed in low levels below the radar beam, and some were small enough 

that radar beam width issues would likely mask their true velocity signatures.  These factors may 

have contributed to the radar not accurately sampling the mesovortices, leading to lower detected 

velocities than actually occurred.  The tornadic signatures themselves in this case could have 

easily formed 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 once they 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 table provides the rotational 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 radar (KSJT WSR-88D), and its diameter (NM).  The mesocyclone strength is 

based on the nomogram found in Fig. 17.  A line graph shows the rotational velocity shear trends 

(Fig. 11). 

 

Time 

(UTC) 

Height 

AGL 

(feet) 

Range 

(nm) 

Diameter 

(nm) 

Rotational 

Velocity 

Shear (Vr 

Shear, knots) 

Mesocyclone 

Strength 

from 

Nomogram 

Tornado 

Damage 

Mesovortex 1 – 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 21.5 1.5 25.5 MINIMAL   

1651 1730 24.9 1.5 21 

WEAK 

SHEAR   

Mesovortex 1 – 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 1.5 26 MINIMAL   

Mesovortex 1 – 2.4 Degree 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   

1651 6755 24.9 1.5 21 

WEAK 

SHEAR   

Mesovortex 1 – 3.4 Degree Tilt 

(KSJT)         

1626 6340 17 1.5 45 STRONG   

1631 5960 16.6 1.5 45 STRONG   

1636 6360 17.1 1.5 40.5 MODERATE   

1641 6790 18.2 1.5 40.5 MODERATE F1 

1646 8270 22 1.5 21 

WEAK 

SHEAR   

1651 9400 24.9 1.5 16 

WEAK 

SHEAR   
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Table 2.  This table provides the rotational velocity shear (Vr shear) and mesocyclone strength 

with time for mesovortex 2 along with its height above ground level for each elevation scan, its 

distance from the radar (KDYX WSR-88D), and its diameter (NM).  The mesocyclone strength 

is based on the nomogram found in Fig. 17.  A line graph shows the rotational velocity shear 

trends (Fig. 14).  Unavailable radar data is shown as N/A. 

 

Time 

(UTC) 

Height 

AGL 

(feet) 

Range 

(nm) 

Diameter 

(nm) 

Rotational 

Velocity 

Shear (Vr 

Shear, knots) 

Mesocyclone 

Strength from 

Nomogram 

Tornado 

Damage 

Mesovortex 2 – 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 F0 

1817 215 3.8 2 55 STRONG F0 

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 2 – 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 

 



16 

 

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 F0 

1817 625 3.9 2 45 STRONG F0 

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 2 – 2.4 Degree 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 F0 

1817 940 3.7 2 45 STRONG F0 

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 21.4 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 2 – 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  F0 

1817 1350 3.8 2 45 STRONG  F0 

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 

 

Figure 1.   Severe weather reports for 4 March 2004 adapted from SPC storm event archive with 

tornado reports in red, wind damage in blue and large hail in green. 

http://www.spc.nssl.noaa.gov/exper/archive/events/040304/index.html
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Figure 2.  This four panel image shows 500 hPa observations, geo-potential heights (gray) and 

temperatures (red) for panel A) at 1200 UTC 4 March 2004, panel B) at 0000 UTC 5 March 

2004.  It shows 700 hPa observations, geo-potential heights (gray), temperatures (red > 0C, blue 

< 0C), and dewpoint temperatures (green, => -4C) for panel C) at 1200 UTC 4 March 2004 and 

panel D) at 0000 UTC 5 March.  The black dot in each panel marks Midland, TX (KMAF). 
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Figure 3.  GOES East visible satellite image for 16 UTC 4 March 2004 is shown with 16 UTC 

surface observations (yellow) and surface analysis (hand drawn).  The county outline represents 

the WFO San Angelo, TX county warning area. 
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Figure 4.  The 17 UTC 4 March 2004 LAPS analysis shows CAPE (J∙kg
-1

, green) and CIN  

(J∙kg
-1

, red dashed lines).  The county outline represents the WFO San Angelo, TX county 

warning area. 
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Figure 5.  This 17 UTC 4 March 2004 LAPS analysis shows 0-3 km SRH (m
2
∙s

-2
, green) and 0-6 

km bulk shear (knots, blue flags).  The county outline represents the WFO San Angelo, TX 

county warning area. 
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Figure 6.  This 17 UTC 4 March 2004 LAPS analysis shows lifted condensation level (meters 

AGL, green contours) and 0-1 km bulk shear (knots, blue flags).  The county outline represents 

the WFO San Angelo, TX county warning area. 
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Figure 7.  This is a four panel image of reflectivity from the KSJT WSR-88D at the A) 0.5, B) 

1.5, C) 2.4 and D) 3.4 degree tilts for an animation.  Click the link to start the animation – 

Animation 1. 

http://www.nwas.org/ej/2010-EJ5/KSJT_reflectivity.wmv
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Figure 8.  This is a four panel image of storm relative velocity maps (SRM) from the KSJT 

WSR-88D at the A) 0.5, B) 1.5, C) 2.4 and D) 3.4 degree tilts for an animation.  Click the link to 

start the animation – Animation 2. 

http://www.nwas.org/ej/2010-EJ5/KSJT_SRvelocity.wmv
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Figure 9.  This four-panel radar image from KSJT (cyan) at 1636 UTC shows A) 0.5 degree 

reflectivity, B) 0.5 degree base velocity, C) 1.5 degree reflectivity, and D) 1.5 degree base 

velocity. 
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Figure 10.  This four-panel radar image from KSJT (cyan) at 1636 UTC shows A) 0.5 degree 

reflectivity, B) 0.5 degree storm relative velocity map, C) 1.5 degree reflectivity, and D) 1.5 

degree storm relative velocity map. 
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Figure 11.  This line graph shows the trend of rotational velocity shear (Vr shear) for 

mesovortex 1 with time on the x-axis and Vr shear on the y-axis.  Each line represents Vr shear 

for each respective radar elevation angle from the KSJT WSR-88D.  The bold “T” represents 

when tornado damage was reported.  See Table 1 for detailed data on mesovortex 1. 
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Figure 12.  This is a four panel image of reflectivity from the KDYX WSR-88D at the A) 0.5, B) 

1.5, C) 2.4 and D) 3.4 degree tilts for an animation.  Click the link to start the animation – 

Animation 3. 

http://www.nwas.org/ej/2010-EJ5/KDYX_reflectivity.wmv
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Figure 13.  This is a four panel image of storm relative velocity maps (SRM) from the KDYX 

WSR-88D at the A) 0.5, B) 1.5, C) 2.4 and D) 3.4 degree tilts for an animation.  Click the link to 

start the animation – Animation 4. 

http://www.nwas.org/ej/2010-EJ5/KDYX_SRvelocity.wmv
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Figure 14.  This line graph shows the trend of rotational velocity shear (Vr shear) for 

mesovortex 2 with time on the x-axis and Vr shear on the y-axis.  Each line represents Vr shear 

for each respective radar elevation angle from the KDYX WSR-88D.  The bold “T” represents 

when tornado damage was reported.  The bold “M3” and “M4” represent when mesovortex 3 and 

4 merged with mesovortex 2.  The Vr shear trace for 0.5 degrees was interrupted because of bad 

data at 1807 UTC (Table 2). 
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Figure 15.  This four-panel radar image from KSJT (cyan) at 1716 UTC shows A) 0.5 degree 

reflectivity, B) 0.5 degree base velocity, C) 1.5 degree reflectivity, and D) 1.5 degree base 

velocity. 
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Figure 16.  This four-panel radar image from KDYX (cyan) at 1736 UTC shows A) 0.5 degree 

reflectivity, B) 0.5 degree base velocity, C) 1.5 degree reflectivity, and D) 1.5 degree base 

velocity.
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Figure 17.  This mesocyclone strength nomogram (for circulations 2 nm in diameter) is based 

off the 3.5 nm nomogram from Andra (1997).  The red line delineates between weak shear and a 

minimal mesocyclone.  The green line delineates between minimal and moderate mesocyclones.  

The blue line delineates between moderate and strong mesocyclones. 
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Figure 18.  This four-panel radar image from KDYX (cyan) at 1736 UTC shows A) 0.5 degree 

reflectivity, B) 0.5 degree storm relative velocity map, C) 1.5 degree reflectivity, and D) 1.5 

degree storm relative velocity map. 
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Figure 19.  This four-panel radar image from KDYX (cyan) at 1726 UTC shows A) 0.5 degree 

reflectivity, B) 0.5 degree storm relative velocity map, C) 1.5 degree reflectivity, and D) 1.5 

degree storm relative velocity map. 
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Figure 20.  This four-panel radar image from KDYX (cyan) at 1726 UTC shows A) 0.5 degree 

reflectivity, B) 0.5 degree base velocity, C) 1.5 degree reflectivity, and D) 1.5 degree base 

velocity.
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Figure 21.  This four-panel radar image from KDYX (cyan) at 1812 UTC shows A) 0.5 degree 

reflectivity, B) 0.5 degree storm relative velocity map, C) 1.5 degree reflectivity, and D) 1.5 

degree storm relative velocity map. 
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Figure 22.  This four-panel radar image from KDYX (cyan) at 1817 UTC shows A) 0.5 degree 

reflectivity, B) 0.5 degree storm relative velocity map, C) 1.5 degree reflectivity, and D) 1.5 

degree storm relative velocity map. 
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Figure 23.  This four-panel radar image from KDYX (cyan) at 1833 UTC shows A) 0.5 degree 

reflectivity, B) 0.5 degree storm relative velocity map, C) 1.5 degree reflectivity, and D) 1.5 

degree storm relative velocity map. 


