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IS assoclated with a
150+ tornado outbreak.
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~ SPC Storm Re aP‘orts for 04/28/14

o Map updated 212Z on 05/08/14
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One of these soundings is a
roximity sounding to an EF
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The point: parameters will only take you so far! |

- | You need to know additional information about warm |,
| sector shape, residence| t

<, to successfully anticipate the outcomes. T
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Importance of Vertical Shear

single cells

multicells

» supercells

<
<
—Z# 0-6 km shear

10ms™ 20ms™
gust front initiates new updrafts can be
gust front is unable cells repeatedly (downshear quasi-steady,;
to initiate new flank is preferred in a propagation governed
cells, at least in homogeneous environment by vertical
any organized way; with a roughly straight pres§ure gradients
convection is hodograph); system extending over a deep
short-lived propagation is driven layer rather than by
by gust-front lifting gust-front lifting
Figure 8.5

Spectrum of storm types as a function of vertical wind shear. Although the vertical shear exerts

the greatest influence on storm type, other secondary factors can also affect the mode of convection
(e.g., vertical distribution of buoyancy, moisture, and shear, as well as the means by which storms are
initiated); thus, some overlap among storm types exists in this simple single-parameter depiction. The
relationship between vertical wind shear magnitudes and the nature of cell regeneration/propagation

is also shown. MR (2010)



Importance of Vertical Shear

Alnterference between precipitation and updraft is reduced as vertical shea
Increases

APrecipitation falls downwind of updraft
A Strong stormrelative winds aloft blows precipitation away from updraft core

AStormrelative inflow at low-levels can slow speed of gust front, limiting its

ability to undercut updraft |« 1 weak © 1 ston
_ _ shear shear
ADynamic pressure effects via *t
vertical PGF in shear can | =1 ¢4 @ MR (2010), Fig. 8.2
produce strong lifting o M T ° ,,,mi.-,,d




Ordinary Thunderstorm (single cell)

AConsists of one updraft, outflow gust front spreads in all directions

* Forms in weak shear and modest CAPE, in weak synoptic forcing and

typically occur just after max daytime heating H=scale height

. . . wp=average updraft speed
* Pulse severe posmble (wmd, hall) vi=terminal velocity of precipitation

I . H H
* Lifetime approximated as T = —+—
0 t

4 4
o m 107 m =10%s+10% s = 2000 s = 30 min [

= lﬂm5'1+1ﬂms‘1

ALife cycle:

A Towering cumulus (only updraft)

A Mature (precipitation falls into
updraft, downdraft and gust front
forms, anvil forms)

A Dissipating stage (downdraft cuts off [*
updraft; orphan anvil)

Moty
MR (2010). Fia.



Multicell Convection

ACharacterized by repeated development of new cells along the gust front

ALongetlived cluster of
storms in moderate vertical
shear and small to large CAF

Alndividual storms in cluster
may be ordinary, lasting 30
60 mins

Aln high CAPE moderate shez
multicell convection can
produce swaths of damaging
winds and hall MR (2010). Fiq.



Evolution of Multicell Convection

Mean

Alndividual cells move with the mean wind

averaged over their depth
ANew cells initiate along gust front

A@ Time O:
A Cell 1¢ dissipative stage
A Cell 2¢ mature stage
A Cell 3¢ precipitation beginning to form
A Cell 4¢ towering cumulus stage

A@ Time 10:
A Cell 1¢ orphan anvil
A Cell 2¢ dissipative stage
A Cell 3¢ mature stage
A Cell 4¢ precipitation beginning to form
A Cell 5¢ towering cumulus stage

AX ¢AYS HnY XIyYyR

a?

0

O

Cell 2 .

MR (2010). Fiaq.



Movement versus propagation

— CON MOBON Vecior
v propagation vector
——t system motion vector

Alndividual cells move with the mean wind

ARepeated development of new cells on flan % '
system leads to propagation of system

ATotal motion is cell motion+propagation M2010), Fig.

= SMID”
ANew cells develop on gust front on downshear

side of cold pool = ;m\ —

wWill cover more of this with MCS motion later .. vecor

§
e

MR (2010). Fiaq.



Multi Cell Clusters

Aggregates of muktell storms are common over parts of the Southe
in the summer. Each storm can be in a different phase of the life cy«
Can act as a loosely organized MCS or as vague as a large convec
blob.

Forcing is usually weak and the primary risk is damaging outflow wi
from collapsing storms but can also produce hail.



LEWP
Schematic

Squall Lines/Mesoscale
Convective Systems (MC

A Storm seHpropagation dominated by
cold pool driven ascent.

June 29, 2012 Midwest/Ohio Valley Derecho

Radar Imagery Composite Summary 18-00 UTC
~450 miles in 6 hours / Average Speed ~75 mph

Sllapbyuc.wm
NWS/Storm Predic

A Can take multiple forms
A Serial MCS
A Progressive MCS
A LEWPs (line echo wave patterns)
A Bow echos
A Derechos

A Usually more organized than clusters
with stronger vertical shear.

A Can produce Damaging wind gusts
tornadoes and some hail.

b




Supercells

ACharacterized by a thunderstorm with a
sustained, deep, rotating updraft
mesocyclone

AOccur in strong vertical shear through a
deep layer (big storrrelative winds),
but high CAPE not necessary

AMotion deviates significantly from mean
wind

AVertical PGF enhances updraft, a special MR (2010), Fig.
property of supercells 8.17



Supercell Features

ASingle, longived, quasisteady, rotating, precipitation free, updraft
AWall cloud at updraft base where humid, raicooled air drawn upward

ATwo downdraft regions: rear flank downdraft (RFD) and forward flank
downdraft (FFD)

MR (2010). Fiq.



Supercell Types

AFor isolated storms, supercell type {saybe)a function of stormrelative
winds (SRW) at level of anvil (22 km AGL)

AWeak upperlevel stormrelative winds (<18 m/s)HP, moderate (1828 m/s):
classi¢ strong (>28 m/s)LP

low-precipitationsupercelt classic sy percell heavy-precipitation supercell

AFor multiple storms =

in close proximity, = e IS P == & ”
precipitation from - o . - \r —
one storm may seed B y e

| S A

another storm, b | |
favoring HPtypes
wStronger SRW

favors larger /s e
updrafts resistant to | <
entrainment. i — i ———— =

- 00 ]

MR (2010), Fig. MR (2010), Fig. MR (2010), Fig.






Storm Mode Basics

All of these must be
taken into account to

1) Boundary-relative storm motion anticipate storm mode for
2) Boundary-relative deep-layer shear the first few hours after

3) Storm-relative anvil-level winds : C e
4) Strength of forcing for ascent convective initiation.

5) Strength of capping

Consider each of these:

Numerous combinations
are possible!



Storm Mode Basics

Boundary = zone of ascent
Boundary Motion (B) = (0,0)

Consider each of these:

2) Boundary-relative deep-layer shear
3) Storm-relative anvil-level winds

4) Strength of forcing for ascent

5) Strength of capping

1) Boundary-relative storm motion ‘ .

storm motion (c) = (20,0)

20-0),(0-0



Storm Mode Basics

Boundary = zone of ascent
Boundary Motion (B) = (20,0)

Consider each of these:

2) Boundary-relative deep-layer shear
3) Storm-relative anvil-level winds

4) Strength of forcing for ascent

5) Strength of capping

1) Boundary-relative storm motion ‘ .

storm motion (c) = (20,0)

20- 20), (0-0



Storm Mode Basics

Boundary = zone of ascent
Boundary Motion (B) = (20,20)

,
v

Consider each of these:

1) Boundary-relative storm motion

2) Boundary-relative deep-layer shear
3) Storm-relative anvil-level winds

4) Strength of forcing for ascent

5) Strength of capping

storm motion (c) = (10,10)

10- 20), (10 - 20



Storm Mode Basics

Downshear Pressure Perturbation
Effective BWD Vector

Consider each of these: —

1) Boundary-relative storm motion
2) Boundary-relative deep-layer shear -

. . . onvergence
3) Storm-relative gnwl-level winds (highuiessure
4) Strength of forcing for ascent perturbatio
5) Strength of capping



Storm Mode Basics
Downshear Pressure Perturbation

~

Effective BWD Vector

Consider each of these: —

1) Boundary-relative storm motion
2) Boundary-relative deep-layer shear -

. . . onvergence
3) Storm-relative gnwl-level winds (highuiessure
4) Strength of forcing for ascent perturbation)
5) Strength of capping l

Induced Induced
subsidence ascent



Storm Mode Basics
Off Boundary

Consider each of these: ‘ Effective BWD Vector

ﬂ

1) Boundary-relative storm motion The deep-layer shear vector

2) Boundary-relative deep-layer shear orients the precipitation
3) Storm-relative anvil-level winds distribution away from the updraft
(ex: size sorting)

4) Strength of forcing for ascent

5) Strength of capping Off-boundary deep-layer shear
vectors favor precipitation
distributions away from

neighboring cells

Also favors downshear updraft development
into warm sector, which favors discrete cells.




Storm Mode Basics

Along Boundary

Effective BWD Vector

Deep-layer shear vectors along
the boundary favor precipitation
(and outflow/cold pool)
distributions towards the updraft
regions of neighboring storms.

Consider each of these:

1) Boundary-relative storm motion

2) Boundary-relative deep-layer shear
3) Storm-relative anvil-level winds

4) Strength of forcing for ascent

5) Strength of capping

Also favors downshear updraft
developmentin close proximity to
neighboring storms.

This tends to favor cold pool
amalgamation and upscale growth.




Storm Mode Basics

Anvil-level SR wind

Consider each of these:

The anvil-level storm relative
(SR) winds influence storm
morphology similar to the
deep-layer shear vector.

’ They influence downstream anvil
shading and seeding of new

updrafts from fallout hydrometeors

1) Boundary-relative storm motion

2) Boundary-relative deep-layer shear
3) Storm-relative anvil-level winds

4) Strength of forcing for ascent

5) Strength of capping

VA

/.,

Storm motion



Storm Mode Basics

Along Boundary

Consider each of these: Anvil-level SR wind

1) Boundary-relative storm motion

2) Boundary-relative deep-layer shear
3) Storm-relative anvil-level winds

4) Strength of forcing for ascent

5) Strength of capping

‘ Along-boundary anvil-level
SR winds tend to seed new

updrafts in close proximity to
neighboring storms.

‘ This tends to favor upscale growth

VA

y \
i Storm motion
X



Storm Mode Basics

Off Boundary ‘

Consider each of these: Anvil-level SR wind

1) Boundary-relative storm motion

2) Boundary-relative deep-layer shear
3) Storm-relative anvil-level winds

4) Strength of forcing for ascent

5) Strength of capping

Off-boundary anvil-level SR
winds tend to seed new

updrafts downstream into the
‘ ’ warm sector.
This tends to favor discrete cells.
Z —
Y \
Storm motion
X




Storm Mode Basics

No Lift?

Consider each of these:

NoO storms!

1) Boundary-relative storm motion

2) Boundary-relative deep-layer shear
3) Storm-relative anvil-level winds

4) Strength of forcing for ascent

5) Strength of capping




Storm Mode Basics

Weak Ascent

Consider each of these:

1) Boundary-relative storm motion ’
2) Boundary-relative deep-layer shear _ :
: . . Fewer initial cells, greater spacing between cells,

3) Storm-relative qnvﬂ-level winds less chance of storm interactions
4) Strength of forcing for ascent (even if shear/anvil-l evel wi nds ar
5) Strength of capping

” This tends to favor discrete cells.

Weak forcing mechanisms:
Drylines

Weak outflow boundaries
Confluence axes



Storm Mode Basics

‘ Strong Ascent

Consider each of these: ‘

1) Boundary-relative storm motion

2) Boundary-r_elatlve _deep-lay_er shear More initial cells, smaller spacing between cells,
3) Storm-relative anvil-level winds higher chance of storm interactions

4) Strength of forcing for ascent (even if boundary-relative storm motions are

5) Strength of capping favorable for discrete)
This tends to favor upscale growth.

Strong forcing mechanisms:
Surging cold fronts
Strong outflow boundaries



Storm Mode Basics

NNucl ear

100 CRP 120415/0000 (Observed)

Consider each of these:

1) Boundary-relative storm motion

2) Boundary-relative deep-layer shear
3) Storm-relative anvil-level winds

4) Strength of forcing for ascent

5) Strength of capping

NOo storms!




Storm Mode Basics
Weak cap?

DDC 120415/0000 (Observed)

100

Consider each of these:

1) Boundary-relative storm motion

2) Boundary-relative deep-layer shear
3) Storm-relative anvil-level winds

4) Strength of forcing for ascent

5) Strength of capping

b
*' -20C = 19016

2450m 448 mese

1000
-30 —EI] -10 I] 10 20 30 40

Limits number of initial storms: favorable for discrete cells




Storm Mode Basics
No cap?

 LIX 221214/1800 (Observed)
100

Consider each of these:

1) Boundary-relative storm motion

2) Boundary-relative deep-layer shear
3) Storm-relative anvil-level winds

4) Strength of forcing for ascent

5) Strength of capping

Remember: numerous
combinations are possible!

Allows for numerous storms, favors upscale growth




Storm Mode Basics

Consider each of these:

1) Boundary-relative storm motion How do | weight each of
2) Boundary-relative deep-layer shear
3) Storm-relative anvil-level winds these factors?

4) Strength of forcing for ascent
5) Strength of capping



Storm Mode Basics

Consider each of these: Primary influencing factor

1) Strength of forcing for ascent

2) Boundary-relative storm motion

3) Boundary-relative deep—layersh(f} Secondary influencing factors
4) Storm-relative anvil-level winds

5) Strength of capping

Modulating factor



Storm Mode Basics:
Quick Example

TORNADO REPORTS.. (15)
WIND REPORTSMI

- 3
HAIL REPORTSAG..... (19/0) Y, :[:%‘J:’;g%’:g?g ’2)
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v NOAANWS/Storm Prediction Center

Ve

Nt

First, Identify the
boundaries!

%

" Y5

230227/0000 Surface temp, dewpoint, and pms!
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v NOAANWS/Storm Prediction Center

Ve

Nt

First, Identify the
boundaries!

230227/0000 Surface temp, dewpoint, and pms!




Mesoscale Analysis Data

vy NOAA/NWS/Storm Prediction Center
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g NOAA/NWS/Storm Prediction Center Mesoscale Analysis Data

Effective shear orientation off the cold
front/drylineé
-150to-1 00 MUCI Ne |~
Favors discretel!

& A%
\ ._-;“"" - E "; :» S
iop
\ "‘ 12108 B

230227/0000 MUCAPE (red), MUCIN (fill) and effective bulk shear (ki)




NOAAMNWS/Storm Prediction Center Mesoscale Analysis Data
~

Anvil-level SR winds are off the cold
front/ dryline
Favors discrete!

W

230227/0000 Anvil SR Winds (k) and EL height for "best® CAPE parcel (m AGL)




s MY DALY Raan Datlanttuitde — — e ——
NEXRAD Base Reflectivity I e
26 Feb 2023 03:40 PM CS1 .20 0 20 40 60 50 db2Z

¥

Initial cells developing along the dryline
are discrete/semi-discrete!



NEXRAD Base Reflectivity
26 Feb 2023 05:40 PM CS1 -20 0 20
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NEXRAD Base Retlectivity N N
26 Feb 2023 07:30 PM CST 0 60 60 dbZ
2 hours | ateré
Squall line with 75-114 mph winds reported.
What changed?
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1) Very strong height falls aloft associated with
the approach of a robust upper wave.
1) Strong ascent associated with an eastward-moving Pacific cold front

Both of these factors yielded very strong lift along the front, resulting in
rapid upscale growth.

N\

ZINEETO000:ZI0LERNZ00 1Ehr SO0mb hedght change and curent hahl, temp, and wind



ny NOABRNWSESSterm Prediction Center Mesoscale Analysis Data

Moral of the story: these techniques work, but you have to take the entire
synoptic regime into account and anticipate changes in time.

N\

ZINEETO000:ZI0LERNZ00 1Ehr SO0mb hedght change and curent hahl, temp, and wind




Where are the relevant boundaries?
How expansive is the warm sector?




! Where are the relevant boundaries?
\ : .. How expansive is the warm sector?



Hereds the
5| But which boundary is most important?
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Storm motion into the
cooler air. No residence
time in the surface-based
warm sector.

Hereds the war m\.ﬁ 1
i But which boundary is most important? :

[
~
-

"
\
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NOAA/NWS Storm Prediction Cenler (SPC) - Surface Observation Piot
Ve - — L Ta .

Storm initiates in warm
sector, but has limited
time/space to reside in the
best thermo environment.

Implications for storm
longevity/maturation?

e v Heredés the warmty,
s : \ B But which boundary is most important?

"
\
\



Storm initiates in warm sector, and will
remain in the warm sector. But what is
boundary-relative storm motion?

Implications for storm mode?

!
4
2

Hereds the war m“ﬁ\.l
b But which boundary is most important?

ut
\
\



_-— s -
Storm Prediction Cenler (SPC) - Surface Observation Plot
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Storm initiates in warm sector, and will
remain in the warm sector. Initiating from

this boundary will maximize residence
time in the open warm sector!

3

&

"1 | Given the weak forcing for ascent with the
' boundary (confluence axis/surface trough)
what are the implications for storm
longevity and intensity?
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04/12/2020 18 UTC sfc obs

Multiple EF-3+ tornadoes hours later

from video by Matthew Payzant




Is this region in the clear?
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Surface Observation Piot




hon Plot
———

2 uﬁff.f'\%;' o




Note the diffuse warm
frontal zone

Warm sector is expanding
northeast with the
deepening surface low.




What does this mean for a cell
developing on the outflow
boundary?

Will it have long warm-sector
residence time?
> F

21 UTC




Consider the speed and
direction in which the warm
sector and low are moving.

s
g




This warm sector geometry and
evolution will favor long residence
times for new cells.

This implies an increasing severe risk X
for northern AL and northwest GA |
(assuming favorable thermo +
kinematic environment)

21 UTC




04/12/2020 Tornado Outbreak
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Warm Sector Geometry and
Residence Time Summary

- Careful surface analysis will help identify important
features and warm sector geometry.

- Utilize observed and/or forecast storm motions and warm
sector evolution to gauge whether or not a storm will:
- Quickly become displace out of the warm sector
- Have a short residence time
- Have a long residence time

- Longer residence times favor storm maturation, which
implies a higher potential for impactful weather



Storm Interactions: Good or Bad?




Estimated RM 328 @ 11 kt
Observed RM 336 @ 15 kt



Outflow with left mover
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Brief tornado after
outflow interaction




. Tornado is gone, but lots
of hail impacting the
northern OKC metro
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LeLigne

¢ Edwards)
SEER

intensifies and
es tornado

Photo by Silver Lining Tours




Storm Interactions: Good or Bad?

| donot kn
positive trend here!






