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https://glossary.ametsoc.org/wiki/hail/

// hāl // noun

Precipitation in the form of balls or irregular lumps of ice, always 
produced by convective clouds, nearly always cumulonimbus.
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Complex interactions in mixed-
phase clouds bring key issues:

Droplet size distributions

Ice nucleation pathways
Growth cycles
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Complex interactions in mixed-
phase clouds bring key issues:

Droplet size distributions

Ice nucleation pathways
Growth cycles

“State-of-the-art atmospheric 
models simplify it into bulk 

microphysics schemes.”
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Highly nonlinear 
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nonlinear 
amplification 
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Radar

estimates hail size 
distributions from 
reflectivity, but it is 

indirect and uncertain.
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amplification 
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People report
only large hail, often 
sparse and biased  

(small hail is 
underreported)
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Tightly coupled processes across scales
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Large-scale meteorology enhancing local severe weather prediction

RETRIEVE A PREVIOUS PROJECT
developed by some of our former colleagues

GENETIC ALGORITHM
to build hail probability functions based on observations

INCREASE HAIL RECORDS
from 2000–2020 (21 years) to 1940-2025 (86 years)
from Italian to the European domain

EXPAND ITS APPLICATION
from reanalysis to weather and seasonal forecast,
up to climate projections
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over Italy with ERA5 large-scale variables

GENETIC
Algorithm 

HAIL
Probability 

HAIL
records 

ERA5 (Daily at 0.25°)
18 variables collected at the daily 
maximum CAPE hour
Nearest + 8 surrounding gridpointsLARGE

SCALE
Conditions + any NetCDF training set

+ any extreme event record

+ any daily or higher resolution

+ new diagnostics variables
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over Italy with ERA5 large-scale variables

Matthews Correlation Coefficient

Fitness Score
GENETIC
Algorithm 

Initialization

Evaluation

Selection

Crossover

Mutation

Replacement
a = Hits (T+)
b = False Alarms (F+)
c = Misses (T-)
d = Correct Negatives (F-)
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over Italy with ERA5 large-scale variables
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over Italy with ERA5 large-scale variables
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over Italy with ERA5 large-scale variables
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over Italy with ERA5 large-scale variables
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Extreme event probability 
function by variable

Variable’s contribution on 
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over Italy using GA based on large-scale ERA5 predictors
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over Italy using GA based on large-scale ERA5 predictors

Hail days per year
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adapted from
Torralba et al. (2023)
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7
Best

predictors 



Grant Agreement 101159497

over Italy using GA based on large-scale ERA5 predictors

7
Best

predictors 

Convective Available
Potential Energy (J/kg)

adapted from
Torralba et al. (2023)

Cloud Base Height (m) Total Totals Index (K)

Boundary Layer Height (m) Vertical Integral of Divergence of 
Moisture Flux (kg.m²/s)

Bulk Wind Shear 0-6 km (m/s)

*

*CAPE-FLH
omitted

 Climatology
 Hail days
 Probability
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over Italy using GA based on large-scale ERA5 predictors
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over Italy using GA based on large-scale ERA5 predictors

adapted from
Torralba et al. (2023)

ESWD
Hail Reports by Diameter
⚬ Not Identified     ◉ <= 2.5 cm     ▲ > 2.5 cm
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over Italy using GA based on large-scale ERA5 predictors

adapted from
Torralba et al. (2023)

Validation using 4 domains gathering 240 ARPA 
Friuli Venezia Giulia stations over the 1988-2016 
period (June, July, and August)
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over Italy using GA based on large-scale ERA5 predictors
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and take-home messages

This study introduces and validates an innovative general hail model to 
assess total hail hazard across Italy from 1979 to 2020. Unlike most existing 
literature that focuses exclusively on severe hail, the hail probability model 
was trained on all available observations without any constraints on hailstone 
size. This provides a much more comprehensive overview of the total hail 
hazard across the Italian Peninsula.

 The primary methodological advantage of this approach is the 
incorporation of a Genetic Algorithm. This method entirely eliminates human 
subjectivity from the predictor selection process and enables the algorithm to 
systematically evaluate 162 parameters to identify the most effective 
combination of seven convective indices and ERA5 variables.

  The hail probability model effectively captured a significant spatial 
dynamic across Italy. Hail hazard is most prominent in northern Italy during 
early summer, reaching its peak in June and July. Conversely, in southern 
Italy, the hazard shifts to late summer and autumn, attributable to the 
Mediterranean Sea's thermal capacity, which maintains atmospheric 
instability later in the year.

 Regarding the successful aspects of the model, it offers a significant 
enhancement in spatial resolution, achieving a sub-regional grid of 0.25 
degrees—approximately 30 kilometres. Moreover, independent validation 
using ground-based hail pad data in the Friuli Venezia Giulia region 
confirmed that the model’s detection capabilities are highly satisfactory 
during the peak summer months when such events are most prevalent. 

  Given these challenges, the model exhibits a high false-alarm rate, 
indicating a tendency to overestimate hail occurrences. This is a common 
obstacle for probabilistic severe weather models. Furthermore, it 
underestimates risk in mountainous regions such as the Alps because the 
smoothed orography in the ERA5 reanalysis distorts boundary-layer 
variables such as CAPE and the Total Totals index. Future research will focus 
on using higher-resolution datasets, such as ERA5-Land, to mitigate these 
limitations.
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limitations.
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