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1. Introduction

On 10 June 2010, the second Verification of the Ori-
gins of Rotation in Tornadoes Experiment (VORTEX?2)
intercepted a nontornadic and tornadic supercell evolving
in proximity to each other near Last Chance, Colorado.
An analysis of mobile mesonet, mobile radar, 88D radar,
StickNet, and mobile sounding data was completed to in-
vestigate why one supercell produced no tornadoes and the
other, two (Klees et al. 2016). This observational study
suggested that a combination of differing impacts of a
storm merger on both supercells and an evolving storm
environment likely played a significant role.

A new cell (‘Cell A’) developed between the two su-
percells and merged with both (Fig. 1). Cell A’s merger
with the nontornadic supercell led to the demise of this
supercell, as evidenced by the decrease in dual-Doppler
derived updraft and mesocyclone strength as the merger
progressed (Klees et al. 2016). On the other hand, the
mergers of Cell A and another new cell, ‘Cell B, with the
tornadic supercell (Fig. 1) had seemingly no adverse im-
pacts on the storm, as the tornadic supercell subsequently
produced two tornadoes.

Additionally, 0—1 km storm-relative helicity (SRH1)
was higher in the environment of the tornadic supercell
(150 and 241 m? s~2) than in the environment of the non-
tornadic supercell (44 and 166 m?2 s72) (Klees et al. 2016).
The storm environment, in terms of SRH1, became more
favorable for tornado production over time; from 2354
UTC to 0042 UTC in particular, SRH1 values tripled and
0-3 km storm-relative helicity (SRH3) values increased as
well (Klees et al. 2016) (Fig. 2).

Given that the nontornadic supercell died ‘prematurely,’
perhaps this storm simply did not have the opportunity
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to experience this enhanced environment the way the tor-
nadic supercell did? Perhaps the nontornadic supercell,
had it not experienced the merger, would have otherwise
produced tornadoes? Did the mergers of Cells A and B
with the tornadic supercell make tornado production more
likely than it otherwise would have been?

Such questions can only be fully investigated in a mod-
eling study, especially given the lack of observations dur-
ing the mergers and tornado production. In this study, the
WREF-DART modeling framework will be used to examine
the following:

1. Impacts of the evolving storm environment on tor-
nado production

2. Potential for tornado production in the nontornadic
supercell had the merger not occurred

3. Impacts of the merger on the tornadic supercell’s
tornado production (e.g., favorable modification of
baroclinicity and/or convergence)

4. How the merger killed the nontornadic supercell

Thus far, the first point is under investigation.

2. Methods

Real-data simulations were completed for the 10 June
2010 case using the Weather Research and Forecasting
Model v. 3.8 (WRF; Skamarock et al. 2008) and the Data
Assimilation Research Testbed (DART; Anderson et al.
2009) framework. WRF simulations were run on a 3-km
grid, with 51 vertical levels. Physics schemes used include
YSU (boundary layer), Morrison (microphysics), RRTM
(longwave radiation), Dudhia (shortwave radiation), re-
vised MMS5 (surface layer), and NOAH (land surface).
An ensemble of 50 members (e.g., Romine et al. 2013)
was initialized 12 hours prior to storm initiation on 10
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June (Fig. 3). To generate this ensemble, random per-
turbations from WRFDA-3DVAR, CV3 option (Torn and
Hakim 2008) were added to fields from the 0.5° GFS (6
UTC) forecast. To create a more realistic mesoscale envi-
ronment (e.g., Romine et al. 2013; Jones et al. 2015), con-
ventional observations were assimilated hourly onto the
grid (Fig. 4) using the Ensemble Adjustment Kalman Fil-
ter in DART (Anderson 2001). These observations, ac-
quired from the Global Systems Division (GSD) Meteo-
rological Assimilation Data Ingest System (MADIS), in-
clude rawinsonde (u, v, T, g, altimeter), standard aviation
routine weather reports (METAR) (u, v, T, T, altimeter),
Aircraft Meteorological Data Relay (ADMAR) reports (u,
v, T, Ty), and wind profiler (u, v).

3. Results

Preliminary results suggest promise in the ability of
WREF-DART to reproduce the storm environment on 10
June. For example, simulations using only WRF do not
well capture the tongue of moisture in northeastern CO
at 22 UTC (a bit prior to the initiation of the storms)
(Fig. 5a,c); the simulated environment has dewpoints in
the upper 20s °F in the initiation region. However, with
the assimilation of conventional observations, the environ-
ment is much moister and closer to reality, with dewpoints
now in the upper 40s—low 50s °F (Fig. 5b,c). Prelimi-
nary evaluation of patterns in simulated SRH1 (not shown)
shows promise.

The simulations thus far do not well reproduce the two
supercells, even with the assimilation of conventional ob-
servations (Fig. 6). Although the general timing and lo-
cation of the convection is fairly realistic, the convection
produced is very weak and unstructured and not of a dis-
crete supercellular mode. The assimilation of radar data
(see ‘Future work’ for details) should significantly help
WREF generate the 10 June supercells.

4. Summary and conclusions

On 10 June 2010, VORTEX?2 intercepted a tornadic
and a nontornadic supercell evolving in proximity to each
other. An observational study suggested that a combina-
tion of an evolving storm environment and differing im-
pacts from storm merger(s) may have led to the difference
in tornado production on this day. The storm environment
became more supportive of tornado production over time,
especially in terms of SRH1. The merger with Cell A led
to the demise of the nontornadic supercell, but the merger
of Cells A and B with the tornadic supercell potentially
could have helped this supercell produce tornadoes. A
promising WRF-DART study is underway to investigate
the role of the merger(s) and storm environments on the
supercells and tornado production on 10 June.

5. Future work

Future work includes using a boundary layer scheme
that mixes less aggressively than YSU (e.g., MY]J), to
more appropriately handle the sometimes shallow moist
layers in Colorado. Other future work involves the assim-
ilation of further observations (especially radar), to realis-
tically produce the two supercells and mergers so the role
of the mergers on this day can be investigated. Around 2
hours prior to storm initiation, a 600-m grid will be nested
within the 3-km grid to resolve important storm-scale pro-
cesses (Fig. 3). Data from the Denver WSR-88D radar
(radial velocity, reflectivity, and clear-air reflectivity) will
be assimilated onto the 600-m grid (Fig. 3) every 15-30
minutes prior to the initiation of the storms and during the
early stages of evolution, and at a higher frequency (every
2 minutes; e.g., Marquis et al. 2014, 2016) closer to the
time of the storm mergers. VORTEX?2 observations from
three mobile radars (radial velocity and clear-air reflectiv-
ity) will also be assimilated onto this grid every 2 minutes.
VORTEX?2 observations from mobile mesonet and mobile
soundings will be assimilated as well (Fig. 3).
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FIG. 1. From Klees et al. (2016). Interactions between Cells A and B (denoted in red) and the original supercells over time. Contours are of
KFTG-88D logarithmic equivalent reflectivity factor, beginning at 25 dBZ for every 10 dBZ (0009-0047 UTC at 1.5 km and 00560114 UTC at 2

km).
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FIG. 2. Adapted from Klees et al. (2016). Temporal evolution of the hodographs from 2354-0230 UTC from the NCAR1 2354 (black), NCARI
0042 (green), NSSL1 0130 (blue), and NSSL1 0230 (pink) soundings (which were collected at similar locations). Numbers along the hodograph
are heights (km AGL). The two unlabeled circles denote heights of 250 and 500 m. Labeled brown cross-hatched circles denote the storm motion
of the tornadic and nontornadic supercells. The chart shows values of SRH1 and SRH3 (calculated using storm motion from the tornadic supercell)

for the hodographs.
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FI1G. 3. Timeline of the WRF-DART simulations. Times are in UTC.
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FIG. 4. Location of conventional observations (rawinsonde, red square; profiler, black asterisk; metar, blue dot) available to be assimilated onto the
3-km domain at 12 UTC. Aircraft observations are not plotted for the sake of clarity.
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FIG. 5. Modeled surface dewpoints (°F) at 22 UTC from 3-km WRF simulations with (a) no data assimilation and (b) assimilation of con-
ventional observations (ensemble mean shown here). The northern and southern dot tracks are the actual paths of the nontornadic and tornadic
supercells, respectively. (c) Actual dewpoints at 22 UTC (from the SPC mesoanalysis).
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FI1G. 6. Modeled reflectivity (dBZ) at 23 UTC from 3-km WRF simulations with (a) no data assimilation and (b) assimilation of conventional
observations (ensemble mean shown here). (c) Actual reflectivity at 23 UTC, with the nontornadic and tornadic supercells denoted.



