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Motivation

* Build a multi-continental environmental dataset as a platform to:
- Test skill of convective parameters
- Develop or modify parameters to make them more skillful
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« ldentify universal environmental patterns for identical hazards, independent of geography
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Motivation

* Build a multi-continental environmental dataset as a platform to:
- Test skill of convective parameters
- Develop or modify parameters to make them more skillful

« ldentify universal environmental patterns for identical hazards, independent of geography
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* Development of thundeR package with international collaboration
(35x peer-reviewed studies, 24x ECSS 2025 presentations / posters)
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» Data for 3 PhD theses + support to multiple students
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- Test skill of convective parameters
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- NASA/FAA aircraft ice crystal icing research m

- ESSL AR-CHaMo model development
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Motivation

* Build a multi-continental environmental dataset as a platform to:
- Test skill of convective parameters
- Develop or modify parameters to make them more skillful

« ldentify universal environmental patterns for identical hazards, independent of geography

[/

thundeR

rawinsonde
package

Outcomes over 5 years:

* Development of thundeR package with international collaboration
(35x peer-reviewed studies, 24x ECSS 2025 presentations / posters)

» Data for 3 PhD theses + support to multiple students

« Contribution to international projects, e.qg.:
- NASA/FAA aircraft ice crystal icing research m
— ESSL AR-CHaMo model development

* New convective parameters & operational products
(e.g. Effective Lifted Index, CIN_4km)
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Data shared with the community at
www.rawinsonde.com
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Data shared with the community at
www.rawinsonde.com
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Data shared with the community at
www.rawinsonde.com
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Datasets
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Severe weather reports: Intercontinental severe weather reports
- N. America: SPC Storm Reports Database T W

- S. America: South American High-Impact Weather Reports Database
- Europe: European Severe Weather Database
- Australia: Storm Reports of Australian Bureau of Meteorology
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Severe weather reports:
- N. America: SPC Storm Reports Database

- S. America: South American High-Impact Weather Reports Database
- Europe: European Severe Weather Database
- Australia: Storm Reports of Australian Bureau of Meteorology

Global lightning data:
- Earth Networks Global Lightning Network

ENGLN global lightning observations
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ERA5 hybrid-sigma levels Standard pressure levels
14 —14
ERAS5 reanalysis
* hybrid-sigma levels 12 12
 0.25° x 0.25°
10 —10

* 1-hour step
 raw profilesof z, p, g, t, u, v

height [km above sea level]

0-500m AGL : 14 levelsvs 2 levels
0-1000m AGL : 21 levels vs 5 levels I - terrain
0-2000m AGL : 28 levels vs 9 levels

(considering mean sea level)
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ERA5 hybrid-sigma levels Standard pressure levels

14 —14
12 —12
10 —10

0-500m AGL : 14 levelsvs 2 levels
0-1000m AGL : 21 levels vs 5 levels I - terrain
0-2000m AGL : 28 levels vs 9 levels

(considering mean sea level)
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Once the multi-continental dataset was complete,
it enabled rapid, iterative testing of new concepts

/—Codmg Codlng Codlng
Testlng ; Testmg ; Testmg ;

Implementatlon Implementatlon Implementat|on >
Progress Progress Progress
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Once the multi-continental dataset was complete,
it enabled rapid, iterative testing of new concepts

/—Codmg Codlng Codlng
Testlng ; Testmg ; Testlng ;

Implementatlon Implementatlon Implementat|on >
Progress Progress Progress

Among dozens of tested ideas, only several led
to improvements in the skill of parameters.
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Results
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Mean hodographs
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Vertical profile of bulk wind shear (1 km moving window)
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Vertical profile of bulk wind shear (1 km moving window)
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Vertical profile of storm-relative wind
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Vertical profile of storm-relative wind
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All 3 profiles have identical shape and 0-6 km shear but different low- and mid-level shear.

Weak 1-3 km bulk shear

Strong 1-3 km bulk shear

Strong 0-1 km bulk shear
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SR inflow- 9.1 m S_l SR inflow- 14.8 ms 1 SR inflow- 16.3 m s 1
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All 3 profiles have identical shape and 0-6 km shear but different low- and mid-level shear.

Weak 1-3 km bulk shear

Strong 1-3 km bulk shear

Strong 0-1 km bulk shear
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All 3 profiles have identical shape and 0-6 km shear but different low- and mid-level shear.

Weak 1-3 km bulk shear

Strong 1-3 km bulk shear

Strong 0-1 km bulk shear
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All 3 profiles have identical shape and 0-6 km shear but different low- and mid-level shear.

Weak 1-3 km bulk shear Strong 1-3 km bulk shear Strong 0-1 km bulk shear
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All 3 profiles have identical shape and 0-6 km shear but different low- and mid-level shear.
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Vertical profile of streamwise vorticity
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Vertical profile of streamwise vorticity
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Pre-convective wind profile for F4 tornado in Pilger (Nebraska) on 16 June 2014

No correction
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Pre-convective wind profile for F4 tornado in Pilger (Nebraska) on 16 June 2014

No correction

Hodograph extension
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Can this correction improve prediction of tornadoes?
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Can this correction improve prediction of tornadoes?

Yes!

Tornado (given lightning)
Storm-relative helicity Streamwise vorticity [Index
21 V1 hod h

/] corredtion 8.0
6.7

6.2

Deviance explained [%]
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Can this correction improve prediction of tornadoes?

Yes!
but...
Tornado (given lightning) F2+ tornado (given tornado)

Storm-relative helicity Streamwise vorticity [Index Storm-relative helicity Streamwise vorticity |[Index
91 V] hod h 91 V] hod h 8.4 8.3 8.4

] ey BT R Nt S

6.2 0.7 i 6.5 6.6

6 1 ' . 5.5 61 54 5.4 857

4.7 4.6

Deviance explained [%]
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Result consistent on all 4 continents (extension improves skill)
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Hodographs with identical shear and storm-relative wind but different ground-relative winds
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Hodographs with identical shear and storm-relative wind but different ground-relative winds
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Stronger ground-relative winds

Tornado is more likely
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Hodograph extension results have been implemented in ASTORP convective outlooks

Automated tornado outlook for 20 Oct 25 (15Z7-187)

Tornado Outlook EF2 tornado
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Hodograph extension results have been implemented in ASTORP convective outlooks

Automated tornado outlook for 15 Nov 25 (12Z7-1527)

Tornado Outlook ; Strong tornado
: fﬁ :;g; Wﬁ in S. Portugal
‘o {+] .
0 10% ™| SIG . (15 Nov 2025)
x y ~
Z N =X
3 ,L
5 4 o
O 0 2 10 20 30
eo‘ U .|' mys|
e Source: x.com/Djpuco
~ ot

=\ /A




What do large hail, tornado and severe thunderstorm wind environments have in common across continents? #=o, - /=

Dr. Mateusz Taszarek
12t ECSS, Utrecht, Netherlands, 17-21 November 2025 pu—ru-s)

Key takeaways

Hail
- Weak low-level bulk shear
- Peak bulk shear around 1-3 km / 1-4 km

Tornadoes
- Strong low-level SRH + strong ground-relative winds
- Hodograph extension improves skill

ThundeR v1.5 (upcoming)
- 300+ revised & new convective parameter
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Thank you for

your attention!

Mateusz Taszarek
tornado@amu.edu.pl

Department of Meteorology and
Climatology, Adam Mickiewicz University
Poznan, Poland




Intercontinental severe storm mean buoyancy hodographs
(equal weighted data among continents)

Significant hail (> 5 cm) Significant tornado (F2+)

Non-severe thunderstorm

-10°C -40°C

v [m s?]

IS
<
(@’
v [m s?]

v [m s?]
\ 5
(@]
©,
<y

ulms?] ul[ms?] ulm st
Severe convective wind (warm) Severe convective wind (cold)
: 7 Legend
-40°C
) —=e Estimated storm-motion vector
6 < ™M@ Height above ground level [km]

0-—1 km storm-relative winds

LCL 3 43
1-6 km storm-relative winds

X Height of -10°C and -30°C isotherms
X Height of the lifted condensation level (LCL)

v [m s?]
r
(9]
f\l_
%‘%
o
v [m s?]

............. Parcel buoyancy - acceleration [m s
- 0.0 0.1 0.2 03
ulms]




What do large hail, tornado and severe thunderstorm wind environments have in common across continents? ’ 2 ¥

Dr. Mateusz Taszarek ™ >
A
12t ECSS, Utrecht, Netherlands, 17-21 November 2025

Vertical profile of parcel buoyancy
United States Europe Australia South America
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Vertical profile of parcel buoyancy

United States Europe Australia South America
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Maximum lifted parcel buyancy between -10 and -40 °C

United States Europe Australia South America
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Maximum lifted parcel buyancy between -10 and -40 °C
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For hail, using profile’s peak parcel buoyancy was slighly more skilful than integrated instability (CAPE)



Bulk wind shear between 1 and 3 km AGL
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Conditional probability for HAIL given lightning
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Mean storm-relative wind between surface and 500 m AGL
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Mean storm-relative wind between surface and 500 m AGL

United States Europe Australia South America
Hail Tor |Wind Hail Tor |Wind Hail | Tor |Wind Hail Tor |Wind
o o - o _
™~ ™~ ™~
® n | n - i
g - — —
i)
2 - S - . S
L
[Tl [Tl - -
(@] o o o
< 2 cm hail 2-5 cm hail FO-F1 tornado warm season severe wind
non-severe thunderstorm . ) .
m 5-8 cm hail B > 8 cm hail B F2+ tornado mm cold season severe wind

Hail doesn’t like strong low-level bulk shear but loves strong low-level SR winds!
(tornadoes like both)



