Tornadogenesis in a High-Resolution
Simulation of the 8 May 2003
Oklahoma City Tornadic Supercell



Objective

e Study a high-resolution simulation of a supercell
thunderstorm initialized with real data (3DVAR
DA) to determine the dynamics behind simulated

tornadogenesis.

* Key Assumption: If the initial model state is
similar to the observations and the free-forecast
evolves in a similar manner to the observed
event then the dynamics responsible for features
of interest (e.g., tornadoes) in the model may be
the same as those in the real atmosphere.



Event Overview

Tornado outbreak in Central
US on the afternoon of 8
May 2003.

Part of a multi-day outbreak =
of severe weather and TR
tornadoes over the central o
and eastern US (Hamill et al.
2005)

; E WEATHER REPORTS
- -

A supercell in central : "’"‘"}’}fm “
Oklahoma produced a long- FTe

track F4 tornado in Moore.

@® TORNADOES. . ....... 0054

® WIND DAMAGE.......0071 |NOAA/NWS/NCEP !
@ LARGE HAIL........018% |8TQRM PREDICTION CENTER @
OIAC 12:-: 0313 |NORMAN, OKLAHOMA .




Experiment Design

* Advanced Regional Prediction System (ARPS) model is used.

 ARPS 3DVAR + cloud analysis for DA.

 A50-m grid-spacing simulation is nested within three outer
grids:
— Outermost has 9-km grid spacing, conventional obs. assimilated
hourly.

— Inside the 9-km grid is a 1-km grid spacing domain. Radar data
(and conventional obs.) are assimilated every 5 min from

2030-2140 UTC.

— A 100-m grid spacing domain is initialized by interpolating from
the 1-km grid at 2140 UTC.

— Boundary and initial conditions for the 50-m grid obtained from

the 100-m domain forecast at 2200 UTC. Forecast on 50-m grid
spacing domain is run from 2200-2240 UTC.



Experiment Design

All grids are stretched in the vertical with 50 levels
and a minimum spacing of 20 m.

Fourth-order advection.

Surface fluxes determined according to stability
dependent drag coefficients.

LFO single-moment microphysics
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Tornado #1

Persists for 13 min

 Maximum wind speed around 85 m/s (F-3)
e Strongest winds in secondary vortices

* Dissipates well behind the RFGF

Overview of Tornado #1
22:11-22:24 UTC
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Tornadogenesis for tornado #1

* Look at the development of tornado #1 in
detail, focusing on low-level features at the

tornado scale.

e Use trajectory and vortex line analysis to
determine origin of vorticity.
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Tornadogenesis

Tornado #1 forms from at least three main vorticity
maxima —V1,VvV2,V3.

V1 and V2 form around the same time.

V1 strongest at the ground.

V2 develops (and is strongest) a few hundred meters AGL.
V1 and V2 combine to form a PTV.

V3 strongest at the ground

Tornadogenesis is triggered as V3 (and associated internal
outflow surge) encounters the PTV.

Let’s examine the development each vorticity maximum
separately to simplify the analysis.



Backward Trajectories

A4th order Runge-Kutta
2-s model output data used for calculations

For trajs. that drop under lowest scalar point,
forcings at lowest scalar point used.

Caveat: Trajectory length limited by

tornadogenesis close proximity to model start
time.



Height of vortex line AGL (m)
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Trajectory, height (AGL), and horizontal vort.
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Trajectory, height (AGL), and horizontal vort.

Parcel Height AGL(m)
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Trajectory, height (AGL), and horizontal vort.

vector for parcel entering V3 at 2210 z (m AGL)
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Tornado

Forms as weak area
of vorticity (V4) in
inflow area

Associated with
new cell

As V4 encounters
primary RFGF it
rapidly strengthens
to tornado-strength

Max winds ~ 60 m/s
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Trajectory, height (AGL), and horizontal vort. ]
vector for parcel enteringV4 at 2218 ;(mAGL) ., Wsbudget for a parcel entering V4 at 2218
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Conclusions

 Rearrangement and tilting of frictionally
generated horizontal vorticity found to play a

substantial role in the genesis and
intensification of two simulated tornadoes.

* With that said, importance of baroclinic
vorticity generation cannot be ruled out owing

to short trajectory integrations.

* A simulation without drag also produces a
tornado.



