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The AR-CHaMo framework

f \ Hail =5 cm ERA5 climatology (1950-2023)
“AR-CHaMo is a comprehensive statistical framework for
estimating the frequency of SCS hazards on a global scale
(lightning, hail = 2 cm, hail = 5 cm, tornado > (E)F1,
convective wind gusts = 25 m/s) across forecasting and climate
timescales (both in the past and in the future).”
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* Global climatology of hail = 2 cm, hail =5 cm using ERA5
* Global trends of hail = 2 cm, hail = 5 cm using ERA5
* Future trends of hail = 2 cm, hail = 5 cm using CMIP6 3¢

4 )
How will the frequency and severity of hail

change according to the RCP58.5 scenario (at

+1.5°C, +2.0°C and +3.0°C) across the globe”?
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- Nature Geoscience, accepted
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AR-CHaMo Hail > 5 cm (1950-2023)




AR-CHaMo application to CMIP6

1. Calculate AR-CHaMo lightning, hail = 2 cm and hail > 5 LEEOREEEE], 20 15 ¢ ¢
cm predictors from model-level data on 5 CMIP6 models. BCC-CSM2-MR 2032 2042 2065
[ 2027 2042 2058 |
2. ldentify warming windows (24 years) at +1.5°C, +2.0°C and 2032 2045 2064 |
+3.0°C for each model compared to the historical run. CanESMS 2011 2024 2040

MIROC6 2040 2051 2076

H

3. Apply ERA5-trained AR-CHaMo to the historical run (1980- B — =
2014) and SSP58.5 (2015-2100) scenario of CMIP6 models. = p— =
Models often have problems in Africa.
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4. Calculate ratio between mean annual historical frequency Mean annual number of hail 2 3 cm events (MIROC6+ERAS) 2064-2088

and each warming period (+1.5°C, +2.0°C and +3.0°C)
frequency for every CMIP6 model. =2
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5. Apply ratio to ERA5 baseline and obtain future hail = 2 cm,
hail = 5 cm occurrence at +1.5°C, +2.0°C and +3.0°C.

6. Calculate multi-model mean for hail = 2 cm and hail = 5 cm.
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AR-CHaMo Hail > 2 cm +3.0°C




AR-CHaMo Hail > 5 cm +3.0°C




Hail > 2 cm +1.5°C absolute change




Hail > 2 cm +2.0°C absolute change

= Mean annual change in hail > 2 cm events




Hail > 2 cm +3.0°C absolute change




Hail = 5 cm +1.5°C absolute change
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Hail > 5 cm +2.0°C absolute change
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Hail > 5 cm +3.0°C absolute change
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Hail > 5 cm +3.0°C relative change
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Hail > 5 cm past vs future trends

CMIP6 (3° warming)
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Past vs future trends - ML MIXR

CMIP6 Ensemble-Mean Trends in g/kg
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Key points

The AR-CHaMo now allows for a continuous depiction of the
frequency of hail = 2 cm and hail = 5 cm from the past (1950-
2023) into the future (up to 2100).

* Hail = 5 cm: Widespread increase in all global hotspots e.g.,
North America, South America, South Africa and Europe.

* Hail = 2 cm: Decrease in the USA Great Plains and the
Mediterranean. Increases in Alps, W Argentina, South Africa.
Widespread decreases elsewhere.

« ERA5 vs CMIP6: Large differences in magnitude and sign of
trends due to different moisture and CAPE above -10°C trends.
Uncertainty in the Southern Hemisphere!

Next up: Extension to tornadoes = (E)F1 and convective wind gusts
> 25 m/s.
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