Synoptic Analysis and Simulation of the High-Shear,
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Motivation ERAS5: Synoptic Analysis of the Hautmont Region

ERA5: Hautmont Region | August 3rd 2008 - 20Z Vertical Profil
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Strong High-Shear, Low-CAPE (HSLC)
type 1 tornado cases are rare in Europe
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poorly analysed and modelled 1km
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Numerical modelling is a useful tool for
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understanding tornado formation
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Research Objectives

1) Which synoptic- and mesoscale Fig.1 — Surface Pressure & 500 hPa Geopotential

. Shown is the large-scale weather pattern. White isobars depict
proc?sses contrlbu.ted to the de.\IE|Opment the surface pressure, black isohypes the 500 hPa Geopotential.
of this F4 tornado in a HSLC environment? ;
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SBCAPE: 308 J/kg 0-1km SRH: 226 m?/s?
SBCIN: 0-1km SHEAR: 32 kt

MLCAPE: 86 J/kg 0-3km SRH: 291 m?/s?
MLCIN: 0-3km SHEAR: 42 kt
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2) How does Cloud Model 1 (CM1) react to
a reconstructed HSLC Sounding using
different lifting mechanisms?

45 MUCAPE: 308 )/kg 0-6km SRH: 419 m?/s?

MUCIN: 0-6km SHEAR: 50 kt
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Fig.4 — 03.08.2008 20 UTC

ERAS: Reconstructed vertical Sounding and Hodograph for the Hautmont Region. The unprocessed

Dewpoint is from ERA5 data. The manually reduced dewpoint is used for the modelling in CM1.
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Fig.2 — 300 hPa Wind & Geopotential [ i . lead | | . hi
Shown is the Jetstream-/streak configuration. Black isohypes etstream con Iguratlon eads to darge scale qua5|geostrop IC

depict the 300 hPa Geopotential - lifting processes, inducing cyclogenesis near the surface (Fig.2)
(Coupled-Jet effect)?

= Data: ERAS5 Reanalysis on Model Levels?
= Model: Cloud Model 1 (v. cm1r21.1)%3
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% Surface Low e SO Development of a (surface) short-wave trough, leading to the
e = e s a2i047 Y formation of a low-level jet (LLJ) and cyclonic vertical wind shear
e (Fig.2 & Fig.3)

Right Mover experiences nearly perfect streamwise vorticity with
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Horizontal Resolution 500 meter e extreme SRH values of 0-1 km 226 m?/s? (Fig.4)
Vertical Resolution 250 meter e High moisture along the profile also leading to a low LCL (Fig.4)
Time Resolution 5 minutes (9h total) g , , _ _ _ A
. Bound Sartial : = s » Despite a skinny CAPE profile, the dynamical setup itself
ottom Poundary artial interaction 3 095 hpa Wind & Ceonotential indicates a favorable tornadic HSLC environment>5
Condition (bbC) (seml-sllp) Fig.3 ?25 Pa Wmd&Geopotentla. | \_ .
Shown is the forced Low-Level Jet. Wind barbs [knots] depict

umove / vmove 24.0 / 14.5 [m/s] the 925 hPa wind and black isohypes the 925 hPa Geopotential.
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Convection Yes Yes Yes Yes ’ , | -
Hook echo No No No Yes vl ;
Warm Bubble (WB) +2 Kelvin Supercell No No No Yes | | Ly [
3 WBin line (3WB) +2 Kelvin each Squall line No Yes Yes Yes MGUSF()J?D?JIO/ne ,. | i [;9:00]1
Convergence (CO) | permanent (surface) Bow echo No Yes No Yes I‘ .
Updraft Nudging (UN) | 45 min (center) Tornado-like Vortex No No No Yes ’. -— \)

- Tornado-like vortex

Executed Simulations = A sir\gle warm bubble.is ine.ff.ective in HSLC
environments due to insufficient updraft support
Multiple interacting updrafts (e.g. line of warm bubble,

forced convergence) can result in weak squall lines and
bow echoes

Simulations with all lifting mechanisms
using the vertical profile with the
unprocessed dewpoint (Fig.4, straight line) » Updraft nudging simulates a tornado-like vortex

of the strength F1 (156.65 km/h)

» The supercell produced by updraft nudging only
exists during the 45 min nudging window. Once
stopped, the supercell decays and continues to
develop into a weak squall line

A strong lifting mechanism (e.g. updraft nudging) can

- Simulations A unsuccessful/unrealistic, sustain a weak updraft after convection initiation and

because of extreme moisture content in
the boundary layer
- Solution: Manually reducing the dewpoint

allow the development of an isolated supercell and a
possible tornado-like vortex

Lifting mechanisms can be split into the following two
categories:

» Of the four mechanisms considered, updraft
nudging appears to be the most suitable lifting
mechanism in HSLC environments

Simulations with all lifting mechanisms
using the vertical profile with the manually
reduced dewpoint (Fig.4, dashed line)

» Updraft initiating mechanisms (e.g., WB, CO)
= Updraft supporting mechanisms (e.g., UN)
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