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1. Motivation

« Studies on storm environments for specific regions are heavily affected by local
climatological features. For example, STP for tornadoes or lapse rates for large
hail does not work as well in other parts of the world as in the United States.
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climatological features. For example, STP for tornadoes or lapse rates for large
hail does not work as well in other parts of the world as in the United States.

» Little number of studies with inter-continental or global approach.

2. Goal of the work

« To identify which environmental features share similiarities among continents
for storms producing severe wind, tornadoes and large hail.

... and try to disentangle these results from local climatological features.
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Severe weather reports
United States: SPC Storm Reports Database
- Europe: European Severe Weather Database

Australia: Storm Reports of Australian Bureau of Meteorology

Severe weather reports (2000-2019)
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Lightning data

- United States: National Lightning Detection Network (NDLN)
- Europe: Arrival Time Difference Network (ATDnet)

- Australia: Global Position And Tracking Systems (GPATS)

Annual mean number of thunderstorm hours (2000-2019)
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Construction of non-severe lightning category

- Lightning was detected, but no severe wind, tornado, hail was reported +/- 3h and up to 150 km.

- Only grids in the area of good severe weather reporting coverage were considered.

- Only every 4t ERAS grid is considered to reduce sample size (otherwise would be several millions).

Domain for non-severe lightning situations (2015-2019)
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Table 1. Number of unique ERAS profiles used in the analysis.

Large hail

Domain Non-severe

lichtni .

ightning Severe Significant

severe
United States 136935 109174 9360 63757 5882 9023 1315

Europe 67685 17616 4520 11702 2267 2102 249
Australia 30647 2271 302 1260 227 361 62
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Mean vertical profiles of relative humidity
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Figure 2. Mean vertical profiles of relative humidity for non-severe lightning and convective hazards across the United States, Europe and Australia.
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Mean vertical profiles of wind speed
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Figure 3. Mean vertical profiles of wind speed for non-severe lightning and convective hazards across the United States, Europe and Australia.
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Mean vertical profiles of theta-e
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Tornado given lightning detection (best predictors)

United States Combined best predictors
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VS Large hail given lightning detection (best predictors)
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VS Large hail given lightning detection (best predictors)
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Severe wind given lightning detection (best predictors)

HW.NO United States Combined best predictors
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Vs ’ Significant tornado given tornado (best predictors)
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Significant tornado given tornado (best predictors)
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Vs Very large hail given large hail (best predictors)
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Vs " Very large hail vs significant tornado (best predictors)
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! Vs Very large hail vs significant tornado (best predictors)

ES.GH. United States Combined best predictors
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Concluding remarks

Skill of convective parameters for specific convective hazards is heavily driven by underlying local
climatology (e.g. lapse rates or low-level jet in the U.S.). However, despite using markedly different
datasets, some important common features were found:
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Concluding remarks

Skill of convective parameters for specific convective hazards is heavily driven by underlying local
climatology (e.g. lapse rates or low-level jet in the U.S.). However, despite using markedly different
datasets, some important common features were found:

Large hail:

- buoyancy in below freezing layers

- low-level storm-relative wind

- (intensity) effective shear / storm-relative winds in HGL

Tornado:

- low-level storm-relative helicity and streamwise vorticity
- low-level moisture flux
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Severe wind:
- low-level theta-e profile (DCAPE / cold pool strength)
- precipitable water

Future work will include data from South America and development of the machine learning model that
will be used to study a global 80-year relationship between warming climate and convective hazards.
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Do severe storms across Australia, Europe and the United States share similarities? A comparison of atmospheric profiles and environmental predictors

Interested in working with global ERA5 post-processed convective environment data?

mateusz.taszarek@gmail.com
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Large supercell on 22 May 2020 that produced 15 cm hailstones near Burkburnett in Texas (United States). Photography: Paulina Cwik
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