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How can cell interactions occur?

Zeitler and Bunkers (2005):

I. Numerous thunderstorms (moisture,
istability, and large upward motion)

2. Differing storm motions

3. Strong linear forcing




Why 1s understanding cell interaction
important?

Interactions can be favorable or destructive.
Understanding the mechanisms for
intensification could improve prediction
accuracy during events with cell interaction

Tornadogenesis after interaction often occurs
rapidly, posing a challenge to forecasters and a

threat to the public (Wolf 2010)
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Illinois tornado outbreak
April 191996

2006

‘ _ *39 tornadoes m Illinois, 20
g ’ ‘~ 7 in lowa, Indiana, and
“ ’ Missouri

= 54% of tornadoes formed
15 minutes before or after a
cell merger

= 57% of mergers were
assoclated with
tornadogenesis

=Supercells D12 and D16

experienced a combined 13

mergers
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April 1911996 - KILX 0.5° radar reflectivity

-,

5

iy S
T AR i
5 i

2159 UTC_ 2216 UTC___ 2934 UTC___ 2052 UTC,

wLee et al. _2()()(_3




P
%)
c
)
o]
o
o
-

(@)

E-N

w

IBEe et al. 2006

55% of tornadoes associated with a merger formed
within 5 minutes of the merger
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Dther related studies

= Wolf and Szoke (1996)
+ July 215, 1993 northeast Colorado
tornadoes

+ Hypothesized the FIFFD of a supercell to

the southwest was enhanced by the
RED of a storm in close proximity to
the north
+ Suggested this type of interaction could
enhance the baroclinic vorticity generation

along the FFD




Dther related studies

= Bluestemn and Weisman (2000)

+Determined the importance of the
vertical wind shear profile and its

orientation to the mitiating boundary
on cell interaction




stein and Weisman (2000)

Deep-layer shear vector

to the boundary:
Cyclonically and
anticyclonically rotating RM
and LM supercells develop at
the end of the line.

Embedded RM and LM

collide

to boundary:
Cyclonic RMs persist; LMs
move mto outflow of
neighboring storm and
weaken

to b 01,111(1211‘}7:
Cyclonic RMs form on the
downshear side of the line




Cell interaction has been observed and
studied, but the mechanisms responsible
for storm intensification and long-hved

rotation remain poorly understood




Through what mechanisms can cell interaction
modulate the intensity of the individual cells (in
terms of low-level vorticity and longevity)?

I. What role does the interaction of multiple cells’ near-
surface vorticity have in the intensification of either or both

of the cells?

2. How does the strength and behavior of the cells’
interacting cold pools affect their intensities?

+ The emphasis of this study is on favorable interactions, but any
cases showing significant weakening will also be examined
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= Use idealized, horizontally homogeneous
numerical simulations to evaluate processes
necessary for storm intensification

= [wo-thermal simulations restrict the
parameter space, minimizing the
ambiguities of a multi-cell interaction




!!Ioael gebup

= WRF v3.2.1

= Thompson et al. (2007) microphysics
(option Y3

= Ax—540m, dt=1.5s, 90 vertical levels

= [ree-ship

= 5-D Smagorinsky diffusion

= Control run-single thermal simulation
= 51 simulations with second cell + control




Schematic of southwest quadrant of 138.2 x Jewett et al. (2008)
138.2 km domain

dot: control thermal
dots: Varied

position of second cell
for 51 simulations

Warm bubble initiation:

3.0° C thermal
perturbation for control

2.0° C thermal
perturbation for second
cell

5-hour simulations

Run 22
Run 23
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sfc vorticity

50 | aeibs
CONTOUER FROM 5200 TO 8400 BY 400

Vorticity maxes
for all 51 runs
+ control

Strongest
surface
rotation: 22

Weakest
surface
rotation: 23

8 km between

runs 22 + 23




Siirface Vorticity-Run 22

Dataset: WRF RIP: Storm Interaction
Shading: surface vorticity (with 10,40 dBZ reflectivity outlined)
Horizontal wind vectors at height = 0.00 km
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Maximum Surface Vorticity
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Run #

42 simulations with two initial thermals
produced larger surface vorticity values than
the 1solated control cell run




Surface Vorticity Longevity (>0.02 s1)

Duration (min)
N
(@)

N
o

1 3 5 7 9 111315171921232527293133353739414345474951
Run #

Surface Vorticity Center Longevity (>0.05 s)
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Run 22-Surface Theta-e (K)
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Run 23-Surface Theta-e (K)
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Siiflace lemperature

Dataset: WRF RIP: Storm Interaction Fest: 0.00 h
Surface temperature (#C)

Vertical velocity at height = 6.00 km

Horizontal wind vectors at height = 0.00 km
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AWEIWe take [rom this so far...

= Surface vorticity originating in the FFD
appears to be an important source of
vorticity for the two-celled system

* Downdraft temperature fluctuations are
frequent and behavior is pulse-like

= The degree of storm intensification owing
to interaction 1s highly sensitive to the
orientation of the two mitial thermals




Next Steps

ixamine trajectory data from all 51 two-
celled simulations + control

Use 3-D visualization to analyze updraft/
downdraft interactions and their impact on
storm 1ntensification

Continue work on studying surface
temperature fluctuations using statistical
analyses

Evaluate the role of the FFD outflow on
storm 1ntensification




Thanks!

= NSE AGS-0843566

= ann.syrowski@gmail.com




