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Occurred during IOP 2 of the
2022 PERILS campaign near
the community of Prairie Point
In Noxubee County in east-
central MS
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30 March 2022, Prairie Point, MS

Occurred during IOP 2 of the
2022 PERILS campaign near
the community of Prairie Point
In Noxubee County in east-
central MS

Path length of 17.7 km (11.0
mi), maximum path width of
370 m (400 yd)

Maximum damage intensity:
EF2

Estimated 3-s wind gust: 60.4
m s (135 mph)

Formed 4.3 km southeast of
the NOAA X-Pol (NOXP) radar
site



30 March 2022 — NOXP V, Characteristics

a) Vmax (M s™1)

NOXP V, 01:14:20 UTC
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30 March 2022 — NOXP V, Characteristics
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30 March 2022 — NOXP 0.5° V, Characteristics
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30 March 2022 — NOXP 0.5° V, Characteristics
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30 March 2022 — NOXP 0.5°V, Characterlstlcs
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30 March 2022 — GWX Radar Observations
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A Comparison of Right-Moving Supercell and Quasi-Linear Convective System
Tornadoes in the Contiguous United States 2003-21

RicHARD L. THOMPSON®
* NOAANWENCEPStorm Prediction Center, Normar, Olahoma

(Manuscript received 14 January 2023, in final form 13 May 2023, accepted 16 May 2023)

ABSTRACT: Tornadoes produced by right-moving supercells (RMs) and quasi-linesr convective systems (QLCSs) ame
compared across the contignows United States for the period AW3-21, based on the maximum F/EF-scale rating per hour
on & 40-km horizontal grid. The frequency of QLCS tornadoes has increased dramatically since 2008, while the frequency
of RM tornadoes has decreased during thatsame period. The finding of prior work that the most common damage rating
fior QJLCS tornadoes at night is EF1 persists in this larger, independent sample. A comparison of WSR-88D radar attributes
betwesn RM and QLCS tornadoes shows no appreciable differences between EFD tornadoes produced by either convec-
tive mode. Differences become apparent for EF1-2 tornadoes, where rotational velocity is larger and velocity couplet di-
ameter & smaller for RM tomadoes compared to QLCS tomadoes. The frequency of tornadic debris signatures (TDSs) in
dual-polarization datais also larger for EF1-2 RM tornadoes when controlling for tornadoes sampled relatively close to
the radar sites and in those oceurmring during daylight versus ovemight. The weaker rotational velocities, broader velocity
eouplet diameters, and lower frequencies of TDSs both close to the radar and at night for QLCS EF1 tornadoes suggest
that a combination of inadequate radar sampling and occasional misclassification of wind damage may be responsible for
the irregularities in the historical record of QLCS tomado reports.

SIGNIFICANCE STATEMENT: A comparison of radar attributes between tornadoes with right-moving supercells
and squall-ine mesowortices suggests some irregularities in squall-line tornado records in the contiguows United States.
The imegularities appear to be the result of both inadequate radar sampling for the relatively shallow squalkline
tomadoes and occasional misclassfication of wind damage with the lack of other corrobomting evidence, sspecially
overmight.

KEYWORDS: Forecasting techniques; Noweasting; Operational forecasting; Tornadoes

1. Introdudion

Ciallus et al. 2008; Smith et al. 20

produce primarily weak (F/EF0-1 ) damage (Trapp et al.

1497

2005,

The threat to life and property increases dmmatically as tor-
nado intensity increases, such that the vast majority of tornado
fatalitics are the reault of sgnificant (FEF2+ rated damage) tor-
nadoes, which sceount for less than 15% of all tornado reports
(Ashley 2007; Anderson-Frey and Brooks 2019). The majonty of
these significant tomadoes in the United States are produced by
right-moving supcreells (RMs) (Smith ot al 2; Brotzge ot al.
2013), and RMs have garnered the major the attention of
the research, forecasting, and emergency management communi-
ties during the past several decades (e.g., Brooks etal. 2019).

Approximately 21% of all tornadoes n the United States
are produced by gquasi-linear convective systems (QLCSs;

Ashley et al 2019), in general agreement with the previous
findings of Trapp ct al (2005) and Smith et al. (201Z); how-
ever, cach of these studies vaned in exactly what was consid-
ered a OLCS tomado [ie., Ashley et al. (2019) and Trapp
et al. (2005) likely included supercell embedded in 2 QLCS,
whereas Smith et al. (2012) did I'I1'I[]. QLCS tornadoes tend to

Correspording augsor: Richard L. Thompson, richand thompsom
nOAR gOV

DOL: 10.1175W AF-D-23-(006. 1

2), and QLCS tornado re-
ports have increased over time (Ashley et al. 2019). Examples
of RM and QLCS EF1 tornadic storms are shown in Fig. 1

Trapp and Weisman (2003) and Weisman and Trap L
examined mesovortex formation in QLCSs from a theoretical
perspective, focusing on a balance between low-level, vertical
wind shear in the ambient environment and vertical circula-
tions generated by the QOLCS cold pool. Additional work by
Atkins and 5t Laurent (2MMab) identified two potential
mechanisms responsible for mesovortex formation in QLCSs:

%)

1} A gyclomic-only mesovortex forms as horizontal barochnic
vorticity (pamllel to gust front) is tited downward to be-
come cyclonic on the equatorward (Northern Hemisphere)
side of a downdmft, which combines with streamwise vortic-
ity in the sorm inflow to support mesovortex formation,

2) A gyclonic-anticyclonic vortex couplet (cyclonic poleward,
anticyclonic equatorward in the Northern Hemisphere) re-
sults from a rear-inflow jetddowndraft surge that enhances
the low-level updraft on the nose of the surge/bow echo,
and this updraft tilt= barolinic vorticity generated along the
gust front, in addition to streamwize vorticity from stomm
inflow.

For infrmation regarding rewse of this content and general aopyright information, comsult the AMS Copyright Folicy (wew_ametocong/PURS ReuseLienses).

Thompson (2023, WAF)

imagery, and analysis of WSR-88D data were part of each
case study, and they provided recommendations for TDS
(Ryzhkov et al. 2005; Schuliz et al. 2012a,b; Van Den Broeke
and Jauernic 2014) identification and potential warning strate-
gies for QLCS tornadoes. Many QLCS tornadoes have been
reported in other events since 2016 during the spring across
the eastern Great Plains, the summer across the Midwest, and
during the cool season across the Southeast (e.g., the convec-
tive mode sample documented in Lyons et al. 2022).

The increase in QLCS tornado reports is not without ques-
tion. however. Few QLCS tornadoes are accompanied by
clear, visual evidence of a condensation funnel compared to
RM tornadoes that tend to last longer and/or occur in more
open areas of the Great Plains. QLCS tornado reports are
also more prevalent at night compared to RM tornadoes
(Trapp et al. 2005; Ashley et al. 2019). Thus, the majority of
QLCS tornadoes are based primarily on damage reports, with
a documented tendency for a greater relative frequency of
F/EF1 maximum damage reports (Trapp et al. 2005) com-
pared to RM tornadoes. Given the occasional ambiguity in
discriminating F/EF0-1 tornado damage, characterized by
convergent damage patterns, from other so-called straight-line

ompson (2023)

wind damage with either unidirectional or divergent patterns in
damage, there are reasons to question the veracty of some
QLCS tornado reports, as discussed by Ashley at al. (2019).

Obviously, there are near-storm environments that are more
favorable for stronger tornadoes with both RMs and QLCSs
(e.g., Thompson et al. 2012). Likewise, there are stronger
WSR-88D signatures [ie., low-level rotational velocity > 30-40 kt
(~15-20 m s hereafter, Viet), per Thompson et al. 2017,
hereafter T17] that more clearly correspond to higher prob-
abilities of any tornado and are correlated with the potential
strength of a tornado. This work focuses on two primary
guestions:

1) Are WSR-88D signatures associated with QLCS and RM
tornadoes different?

2) Do the differences in radar signatures corroborate dif-
ferences in reporting tendencies between QLCS and RM
tornadoes?

2. Data and methods

To answer the questions posed in the introduction, case se-
lection followed the grid-hour filtering procedure outlined in
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2009-2021 Grid-hour Tomadoes: RMvs. QLCS Peak Rotational Velocity
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2009-2021 Grid-hour Tornaddes: RMvs. QLCS Velocity Couplet Diameter
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2009-2021 Grid-hour Tomadoes: RMvs. QLCS Sampling Height ARL
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Tornado Path Width by Convective Mode
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A Concentrated Outbreak of Tormadoes, Downbursts and Microbursts, and Implications
Regarding Vortex Classification

‘GREGORY 5. FORBES
Department of Meteorology, The Pennsylvania Stave University, University Park, PA 16802

RoGER M. WakiMOTO .
Depariment of the Geophysical Sciences, The University of Chicago, Chicago, IL 60637

{Manuscript received 6 November 1981, in final form 13 August 1982)

ABSTRACT

A remarkable case of severe weather occurred near Springheld, lllincis on & August 1977, Aerial and
ground surveys revealed that 17 cyclonic vortices, an anticyclonic vortex, 10 downbursts and 19 microbursts
occurred in & limited (20 km X 40 km) area, associated with a bow-shaped radar echo. About half of the
vortices appeared to have occurred along a gust front. Some of the others appear to have oocurred within
the circulation of & mesocyclone accompanying the bow echo, but these vortices seem to have developed
specifically in response (o localized boundary-layer vorticity generation associated with horizontal and vertical
wind shears on the periphery of microbursts. Some of these vortices, and other destructive vortices in. the
literature, do not qualify as tornadoes as defined in the Glossary of Meteorology. A more pragmatic definition

of a tomado is suggested.

1. Introduction

A significant research effort in recent vears has in-
volved the development of Doppler radar technigues
to identify thunderstorms which produce tornadoes.
The efforts have been rather successful, identifying
the mesocyclone and tornado vortex signatures as
indicators of storms which produce major tornadoes
(Lemon et al, 1977; Burgess and Devore, 1979).
Lemon and Doswell (1979) have described the de-
velopment of these tornadoes.

Not every tornado which develops is associated
with a thunderstorm possessing a mesocyclone sig-
nature, however. Burgess and Donaldson (1979)
found that several weak and short-lived tornadoes
occurred in developing echoes without detectable
mesocyclone circulations or supercell characteristics.
Later in their lifetimes these echoes developed me-
socyclones and strong tornadoes. Wesdk tornadoes
also can form outside of the mesocyclone circulation
along the gust front and flanking line of a supercell
thunderstorm (Burgess et al., 1977; Brandes, 1978,
1981) and along gust fronts and downbursts from
non-supercell thunderstorms (Burgess and Donald-
son, 1979; Fujita, 1979; Wilson ef al., 1980; Testud
et al., 1980). Additionally, weak tornadoes can form
under a flanking cloud line behind or to the right of
the main cumulonimbus, where radar echoes are
weak or absent (Bates, 1968; Baroum et al, 1970;

© 1983 American Meteorological Society

Burgess and Davies-Jones, 1979; Burgess and Don-
aldson, 1979; Lemon et al., 1980). In this paper we
present additional evidence of tornadoes associated
with a gust front and with downbursts, We also pre-
sent evidence which suggests that some tornadoes
may be associated with microbursts.

Fujita (1976b) originated the term “downburst” to
describe the intense downdraft involved in an air-
plane crash. In association with damage near the
ground, Fujita (1978) defined the downburst as a
“strong downdraft inducing an outward burst of dam-
aging winds on or near the ground.” Microbursts are
small downbursts with horizontal dimensions less
than 4 km (Fujita, 1981).

The damage paths of 8 of the 10 downbursts, 18
of the 19 microbursts, and 18 tornadoes which oc-
curred on 6 August 1977 are shown in Fig. 1. The
remaining downbursts and microbursts occurred be-
yond the east and west edges of the figure. The paths
were located using techniques described in Section
2. Description of the damage is presented in Sections
3-5. A complete report on this case study (including
40 damage photographs) is given by Forbes and Wak-
imoto (1978).

The presence or absence of damaging winds was
determined essentially unambiguously over the entire
region shown in Fig. 1, as the area was extensively
covered by 2 m high corn (readily susceptible to dam-
age). The paths of the 18 tornadoes were unmistak-

Suction vortices embedded within a damaging tor-
nado are not classified as separate tornadoes, though
it would be useful if their presence were noted in
Storm Data. Stray suction vortices, associated with
a weak tornado circulation, are somewhat problem-

atic 1n that the swaths may be relatively widely sep-
arated. Here the distinction between multiple suction
vortices and separate tornadoes is somewhat arbi-
trary, but stray vortices and their swaths separated by
less than 1 km should probably be considered mul-
tiple vortices of a weak parent tornadic circulation.




Summary and Acknowledgments

 Peak in Doppler velocity closest to surface,
consistent with Plains tornado observations*
 Radar-observed V,,, values matched closely to
estimated peak wind speeds from damage
indicators in surveys for both cases,
BUT...unclear how radar observations compare
to 3-s, 10-m AGL gust standard for EF scale
« Subvortices coarsely resolved by NOXP in
Prairie Point tornado, corroborating complicated
damage patterns observed in surveys
How common are these multi-vortex
structures in QLCSs?
« Could this multi-vortex structure, and a
background commonality of this structure in
QLCS cases, explain some of the observed
differences between QLCS and supercell
tornado radar characteristics?
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