To answer in-class questions go to: pollev.com/severeclass641




Deep-layer Vertical Wind Shear

What is it?

Where does it come from?

What is its influence on deep convection?
How do we measure it?

How to forecast it?



Vertical Wind Shear wnatisit?

Defined as:
“The condition produced by a change in wind velocity (speed and/or direction) with height.”
- AMS Glossary

Combination of both

Speed Shear Directional Shear
(most common)
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Vertical Wlnd Shear Where does it come from?

Primary contribution:

“Large-scale horizontal temperature gradients via the thermal-wind relation”
(M.R. 2010)

(1) Ltg =— % z—z geostrophic wind
Y
(2) 6_2 = E hypsometric eqn
o gp

plug (2) into (1)
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— this is the thermal wind: an increase in wind with height due to a
8 f p Ay temperature gradient

The thermal wind blows ccw around cold pools in the same way as the geostrophic wind blows

ccw around lows. The thermal wind is proportional to the T gradient, while the geostrophic
wind is proportional to the pressure (or height) gradient.

For additional reading: M.R. 2010 and Doswell 1991



Vertical Wlnd Shear Where does it come from?

Secondary contributions:
Large accelerations of the horizontal wind due to large ageostropic winds

(think near jet streaks, areas of frontogenesis, and/or rapidly intensifying cyclones).

AGEOSTROPHIC MOTIONS AND DIYERGENCE AT JET LEYEL
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DIRECT CIRCULATION

. INDIRECT CIRCLULATION
Erodes horizontal .
_ Enhances horizontal
temperature gradient .
_ temperature gradient
(weaker thermal wind) .
(stronger thermal wind!)

For additional reading: M.R. 2010 and Doswell 1991



Vertical Wlnd Shear Where does it come from?

Tertiary contributions: Boundary-layer friction, which may be present in the absence
of large-scale baroclinicity (think Ekman Spiral).

o ) lowp 4 =
In the free atmosphere (free of friction), the wind o)
is geostrophic (i.e., parallel to isobars due to the >
balance between pressure gradient and Coriolis Vg

force)

Close to the surface, friction will cause a
deviation of the wind direction from geostrophic
solution (flow from high to low pressure)

Consequences:
— wind speed increases with altitude P .
— wind direction canges with altitude e »
in form of a spiral, the so-called
» 7s0m
Ekman Spiral - —

For additional reading: M.R. 2010 and Doswell 1991



|| @& When poll is active, respond at pollev.com/andrewmoore925 |
s Text ANDREWMOORE925 to 22333 once to join

True or False: It is inappropriate to have both a horizontally
homogeneous environment AND strong wind shear in an
idealized simulation of deep convection.
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Vertical Wind Shear Influence on convection?

The role of deep-layer vertical
wind shear is to displace
Sheared Environment negatively buoyant air and
hydrometeors away from the
updraft region.
Updraft Tilts
This favors storm longevity and

. 2 (perhaps more importantly) is the
Rain Falls . origin of mesocyclone rotation.

Ahead of,

(Much more on that idea later in
the class!)




Vertical Wind Shear

Simulation of a T-storm in a low-shear environment.
(Note the single updraft pulse followed by a quick collapse.)
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Vertical Wind Shear How do we measure it

—ru Luu

SHVY 22121311800 (Observed)

IDD—ISl.m Y ﬁﬁ‘
Y Bulk Wind Difference:
ﬁ 1+ The magnitude of the vector difference between the
. winds at two different levels.

200 124n — Iyho

oAb
7.1 Chkm
200/ata - ] 4
¢ Vec©" 3 km wind
1 0.3 km SNe2
— =
o 1+
’ 6 km wind

500 \,/. i

\/ -

N

700%: - > B

:—1):11. 2; :

850 i

; =
1000 |—srs4m - Y A
-30 -20 30 40 S0 /



Vertical Wind Shear How do we measure it

Sfc-6 km Wind Difference (m/s)
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Fig. 1 from Brooks et al. 2003
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Surface to 6 km BWD is a very common
metric to gauge the magnitude of deep-layer
wind shear.

Many studies have shown that around 10 m/s
(=20 knots) is a reasonable discriminator
between severe and non-severe environments.
(although not perfect!)

Other common BWD metrics used in convective
forecasting include:

0-1 km BWD
0-3 km BWD
0-8 km BWD



Vertical Wind Shear How do we measure it

0-6 km Bulk Wind Difference Pros: 100 RUC 010513/1400F000 _aio — O
- Quick estimate of whether or not the
environment will support downdraft
displacement from the updraft region (i.e.
will the environment support storm
venting).
- Very easy to calculate and interpret.

0-6 km Bulk Wind Difference Cons:

- Does not contain information about the
“shape” of the wind profile (i.e. there is no
information about the hodograph).

- May not accurately represent the layer
of the atmosphere contributing to deep
convection.




Vertical Wind Shear How do we measure it

0-6 km BWD may not accurately represent o RUC 010513/1400F000 _aio 0
the layer of the atmosphere contributing to
deep convection.

|s the surface parcel contributing
to the updraft?




& When poll is active, respond at pollev.com/severeclass641

Is the surface parcel is contributing to the updraft?

~RUC 010513/1400F000 aio .| ()
0

Yes No
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Vertical Wind Shear How do we measure it

0-6 km BWD may not accurately represent o RUC 010513/1400F000 _aio 0
the layer of the atmosphere contributing to
deep convection.

How about this parcel (green)?
Probably!




Vertical Wind Shear How do we measure it

0-6 km BWD may not accurately represent o RUC 010513/1400F000 _aio 0
the layer of the atmosphere contributing to
deep convection.

How about this parcel (green)?
Probably!

Parcels below this layer are NOT
contributing to the updraft, therefore we
don’t want to consider the parcel’'s
trajectory/wind velocity in shear
calculations.




Vertical Wind Shear How do we measure it

0-6 km BWD may not accurately represent o RUC 010513/1400F000 _aio 0
the layer of the atmosphere contributing to
deep convection.

Let’s identify all of the parcels that are
contributing to the storm’s updraft.

We’'ll use the criteria:

>= 100 J/kg CAPE
>=-250 J/kg CIN
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Vertical Wind Shear How do we measure it

0-6 km BWD may not accurately represent o RUC 010513/1400F000 _aio 0
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Vertical Wind Shear How do we measure it

0-6 km BWD may not accurately represent o RUC 010513/1400F000 _aio 0
the layer of the atmosphere contributing to
deep convection.

This is the portion of
. . B the profile that is
Let’s identify all of the parcels that are & contributing to the

contributing to the storm’s updraft. N\ storm's updraft ¢
o NS i WA\ Ab%ouu:nienaaileasi)&

We’'ll use the criteria:

>= 100 J/kg CAPE
>=-250 J/kg CIN




Vertical Wind Shear How do we measure it

0-6 km BWD may not accurately represent o RUC 010513/1400F000 _aio 0
the layer of the atmosphere contributing to
deep convection.

This is the
) ) Effective Inflow Layer.
Let’s identify all of the parcels that are
contributing to the storm’s updraft. »\ [tis typically denoted.in
~soundings here.

We’'ll use the criteria:

>= 100 J/kg CAPE
>=-250 J/kg CIN




Vertical Wind Shear How do we measure it

RUC 010513/1400F000 aio

B

1800 UTC GFS F147 Sounding for 34.83,-99.55 Valid Thu 11 Mar 2021|2100 UTC

begins at the surface above the surface
(surface-based) ' (elevated)

INENV SN

Which will have a higher
tornado potential? Why?
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Vertical Wind Shear How do we measure it

“Deep_layer” Shear ShOUId ., RUC 010513/1400F000 _aio — Q
represent the storm’s depth 4

Simulations show sufficient
ear
from O to 5/6 km AGL sustains

supercells...




Vertical Wind Shear How do we measure it

“Deep_layer” Shear ShOUId oo, RUC 010513/1400F000 _aio - ()
represent the storm’s depth |

Simulations show sufficient

ear NN\ _ Eff. Bulk Layer
from O to 5/6 km AGL sustains
supercells...

But we can use the Eff. inflow

layer to consider the depth from




Vertical Wind Shear How do we measure it

“Deep_layer” Shear ShOUId oo, RUC 010513/1400F000 _aio - ()
represent the storm’s depth |

Simulations show sufficient

ear NN\ _ Eff. Bulk Layer
from O to 5/6 km AGL sustains
supercells...

But how do we define the bottom
of this layer? Top of the eff. layer?
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Effective Bulk Wind Difference

> BWD between the bottom of the Eff. Inflow layer and 50% of
the [Eff. inflow layer - EL] layer depth.

> Similar to 0-6 km Bulk Wind Difference in “typical” (surface-
based) scenarios

> More flexible than 0-6 km BWD
o Captures shallow and deep buoyancy environments
o Captures elevated thunderstorm environments



Vertical Wind Shear How to forecast it?

Use Q.G. methods to anticipate how the wind profile will change.

&/ NOAANWS/Storm Prediction Center

40 60 80 100 120 140

Mesoscale Analysis Data

Using the Q.G. Height tendency
equation, how will the 500 mb field
change over the next 8-12 hours?

What will this do to the winds at 500
mb over Dodge City, KS (red dot)?

Assuming steady state conditions
near the ground, what will this do to
the 0-6 km BWD?



@& When poll is active, respond at pollev.com/severeclass641

What will happen to the 0-6 km BWD over the next 8-12
hours?

Increase
Decrease
Stay the same

Impossible to tell!
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Vertical Wind Shear How to forecast it?

Use Q.G. methods to anticipate how the wind profile will change.

&/ NOAANWS/Storm Prediction Center Mesoscale Analysis Data

40 60 80 100 120 140

Using the Q.G. Height tendency
equation, how will the 500 mb field
change over the next 8-12 hours?

What will this do to the winds at 500
mb over Dodge City, KS (red dot)?

Assuming steady state conditions
near the ground, what will this do to
the 0-6 km BWD?



Vertical Wind Shear How to forecast it?

Use Q.G. methods to anticipate how the wind profile will change.

Mesoscale Analysis Data

&/ NOAANWS/Storm Prediction Center

7 Using the Q.G. Omega equation, will
| the 850 mb low over the CO/NE/WY
region deepen or weaken?

= What will this do to the winds at 850 mb
>>~1 over Norman, OK (red dot)?

Assuming steady state conditions near
£/ the ground, what will this do to the
"~ surface to 850 mb BWD?

221212/1500%001 BS&mb neigr]t(mIMSL,‘n]ack),tyemp (C, red), dewpoint (C, greén)l, and wind W ) *also ConSIder thermal W|nd response of
tightening 850 mb thermal gradient.




@& When poll is active, respond at pollev.com/severeclass641

What will happen to the sfc-850 mb BWD at Norman, OK
over the next 8-12 hours?

Increase
Decrease
Stay the same

Impossible to tell!
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Vertical Wind Shear How to forecast it?

Use Q.G. methods to anticipate how the wind profile will change.

Mesoscale Analysis Data

&/ NOAANWS/Storm Prediction Center
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