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How does a squall line influence a nearby supercell?

Effects of squall line-induced perturbations are subtle:

Past work has shown that:

Simulated storms are generally similar in terms of overall evolution, structure and intensity:

1. Supercells have been observed to intensify (e.g., Przybylinski 1995) and increase in
low level rotation as a nearby squall line approaches (e.g., French and Parker 2012).

Simulation including squall line
perturbations produces stronger
low-level vertical vorticity:

2. Squall lines can modify the local environment well ahead of the line (e.g., Johnson and Hamilton 1988, Fovell 2002, Bryan and Parker 2010), changing the local wind
and thermodynamic profiles, both of which are critical to thunderstorm evolution.
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Are squall-line generated perturbations to the local environment
sufficient to alter the structure, intensity, and severe weather
potential of a nearby supercell thunderstorm?

Figure 1: Base reflectivity from Dodge City, Kansas WSR-88D from 02:07 UTC on 24 May 2008.

Idealized supercell simulations and
base-state substitution (BSS)
Two idealized CM1 (Bryan et al. 2002) model simulations:
o CTL: An isolated supercell in a horizontally homogeneous,
temporally static environment representative of conditions
60 km ahead of a simulated squall line (Fig. 3a).
o BSS: An isolated supercell in a horizontally homogeneous,
temporally varying environment representative of changing
conditions as a simulated squall line approaches (Fig. 3a-c).
Temporally varying environment produced using the base state
substitution (BSS) technique of Letkiewicz et al. (2013) (Fig. 2).
o Soundings taken every 5 minutes ahead of a simulated
squall line.
o Soundings supplied to the supercell simuliaton using the
“gradual BSS” method, wherein the simulation is restarted
every 5 minutes with a new background environment.
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Figure 4: Simulated radar reflectivity (dBZ, grey shading as shown), vertical vorticity (s-1, colored shading as shown), and wind vectors at 1 km AGL,
and surface potential temperature perturbation (K, contoured at -2 K (light blue), -4 K (dark blue) and -6 K (purple)). Top panels show the CTL
(constant background environment) simulation and bottom panels the BSS (varying background environment) simulation at (left to right) 50, 65,
and 80 minutes into the simulation.
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Figure 5: Time vs. height cross section of maximum
vertical vorticity (s-1, shaded as shown) associated
with the right-moving supercell in the (top) CTL and
(bottom) BSS simulations. Maximum values were
computed over a 10 km x 10 km box centered on the
supercell’s updraft.
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Figure 6: Time series of domain-maximum values of
(a) vertical velocity, (b) surface vorticity, (c) surface
wind speed for the (black line) CTL and (red line) BSS
simulations. Other measures of storm intensity such
as total upward mass flux, total condensate and total
rainfall also indicated strong similarities between the
two simulations.

new simulation
restart model

Figure 2: Flow chart illustrating the base-state substitution method used to introduce
the temporally-varying background environment in the “BSS” simulation (adapted
from Letkewicz et. al 2013).

How does this compare with a
simulation that includes the
squall line?
Differences are again rather subtle:
o BSS simulation produces larger/stronger
precipitation and more intense vertical
vorticity earlier in the simulation.
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o Squall line simulation produces stonger
low-level vertical vorticity as the squall line
draws near.
Figure 7: As in Figure 4, but comparing the BSS simulation (top
panels) with a simulation that includes both the supercell and
squall line (bottom panels).

Ongoing and planned Future work:
The results presented should be considered preliminary, as these simulations represent a first step in a project that is just getting underway.
The idealized nature of these simulations mean that some key processes have been neglected in the interest of creating simple, controlled tests.
With this in mind, considerable future work is planned that can be best summed up as two primary research thrusts:

Figure 3: Skew-T log-P diagrams (bottom panels) illustrating the temporally-varying environment applied at (a) t=0, (b) t= 50, and (c) t= 100 minutes into the BSS simulation.
These represent snapshots of the (a) initial, (b) middle and (c) end of the simulation, with additional intermediate soundings being applied to the simulation every 5 minutes to
create a gradual evolution of the environment. Top panels illustrate the location of the soundings in the squall line simulation where they were created.

Continued investigation of environmental changes:
o More realistic treatment of squall line-induced perturbations based
on environmental observations taken ahead of an approaching
squall line (Bryan and Parker 2010).
o Inclusion of additional effects such as anvil shading and surface and
boundary layer processes.
o Testing different squall line and supercell configurations.

o
o
o
o

Investigation of “direct” interactions between the storms:
Updraft seeding from hydrometeors in the forward anvil of the squall line.
Impacts of mesoscale lifting associated with the squall line.
Influence of squall line-generated gravity waves on the supercell.
The role of the outflow boundaries produced by a pre-line supercell in
modifying squall line evolution.
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