Assessment of Supercell Mesocyclogenesis in a Suite of Idealized WRF

Simulations of Storm Interaction
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* Heterogeneities in a storm’s surrounding environment can
have a profound effect on its evolution and intensity

« Interactions with nearby storms can modify storm
morphology beyond what is expected from a given
instability and vertical wind shear profile

« Storm intensification owing to interactions with
neighboring cells can occur rapidly (Lee et al. 2006)

« Research objective is to identify processes responsible for
favorable vs. unfavorable storm interaction as a function
of the initial positions of two interacting cells

Methods
* WRF v3.3 is used to generate a suite of supercell
interaction simulations, Ax=540 m, 90 vertical .

* Control case: Isolated storm

* Fifty-one simulations are initiated with a second
cell placed to the southwest of the control

* Position of second cell is varied between each simulation
« All simulations are initiated with the same sounding (Fig. 2)
* Morrison microphysics

* 3-D Smagorinsky diffusion

‘Storm Interaction Simulations
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Fig. 1: Red

Figure 2: Initial sounding and hodograph

Control case —0.049 s?
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Weak case — 0.059 5’1

Results 1. Storm morphology vs. Initial cell position
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Strong case evolution
(processes observed
in all simulations):

Figure 4: Surface dBZ and 0.07 s vertical
vorticity contours at 3 hrs 10 min

Strong case —0.11 o

AARRR R AT AR AR R G
SAAVARNAR UM NSRS

R N
R R N

Figure 3: Simulated 2-km dBZ and surface winds at 0.5 hrs (top row, 56.7 x 35.0 km) and 2 hrs (bottom row, 164.8 x 48.6 km)

Peak Vorticity Distribution

Wide range of low-level
mesocyclone intensities
depending on cell pair
orientation — same initial
environment
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Results 2. Forward flank gust front (FFGF): Storm intensification source
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Downburst source: wet microburst-type mechanism
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Figure 6: Vertical cross section (30.2 x 15.0 km); strong two-cell case at 3 hrs 20 min
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Conclusions
* Changing the initial orientation of an

What causes the

downbursts that
tilt horizontal

Figure 5: Surface convergence,
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Figure 7a: Strong case at 3 hrs 19 min. Looking northwest at forward flank gust front.

Horizontal vorticity color-shaded by positive and negative vertical velocity. Vertical
vorticity isosurface shaded in is associated with supercell’s mesocyclone

, wind, and 0.07 s vertical vorticity contours for strong two-cell simulation

vorticity into the
vertical?
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Figure 7b: Strong case at 3 hrs 28 min, 17 min prior to the storm’s

interacting cell pair results in a wide
range of storm morphologies, despite
using the same initial environment for
each simulation

* Forward flank downdraft is unsteady
(downbursts)

* Wet microburst-type mechanism

* The downbursts tilt pre-existing
horizontal vorticity along the FFGF into
the vertical

« Discrete rotation centers propagate
down the FFGF and are ingested by the
mesocyclone

* The merging of these discrete rotation
centers results in low-level
mesocyclogenesis
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