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Motivation

Hail poses a significant threat across the 
mid-latitudes of South America, particularly 
within the Paraná and Río de la Plata Basins.

The challenges of forecasting hail in these regions led 
to the development of a specialized forecasting tool 
designed to identify environments favorable for hail and 
severe convection: “Granizo Version 2 – Trial” (GR02T).

Large Hail in Argentina, March 12, 2024. 
Source: weatherandradar.com

Large Hail in Paraguay, 21 
September 2025. Source: 
Paraguay Weather Service.
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Where does hail occur in the Americas?
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Where does hail occur in South America?

1. Climatology in Argentina based on surface stations1.
2. Climatology based on overshooting tops filtered by 

environments prone for the occurrence of hail using 
ERA52.

Fig. 2: Count of OT detections per 50x50 km over the 
whole dataset (28 years), filtered to environments 
favorable for hail. Country boundaries and the outline 
of the high mountain ranges are indicated as black and 
violet lines, respectively. Source: CEDIM.Sources: (1) Mezher, R. N., Doyle, M., and Barros, V. (2012). Climatology of hail in 

Argentina. Atmos. Res. 11, 70–82. doi: 10.1016/j.atmosres.2012.05.020 
(2) CEDIM, Karlsruhe Institute of Technology

Fig. 1: Hail Climatology in 
Argentina from surface 

stations (48 years) and a 
simple Kriging Method 

for interpolation. Source: 
Mezher et al. (2012)
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Development of GR02T
• GR02T stands for “Granizo Version 02-Trial” or 

“Hail Version 02-Trial”.

• It was developed in 2015 by Néstor Santayana 
(INUMET)* and José Manuel Gálvez (NOAA), to 
support the forecasting of hail in the Rio de la 
Platra and Paraná River Basins.

• An initial version of the algorithm, GR01, was 
released experimentally in 2015. This version was 
very simple, and based on thresholds of a few 
variables present during hail events in Uruguay.

• The algorithm evolved into a more complex 
version in 2019, GR02T.

Last Saturday’s 
Event: 11-Oct PM

*INUMET: Uruguay Weather Service
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Tool GR02T: Hail and Severe Convection Environments

We will explore the interpretation of GR02T using the severe 
weather event that happened in southeast Paraguay last 
Saturday night into early Sunday.

Courtesy of Angel Arguello, Paraguay.
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How to interpret GR02T

Hail in Paraguay

03 UTC (F03) 06 UTC (F06)

GFS 0.5-degree 00Z Run, 12-Oct-2025 (NOAA)

10.3um Channel GOES-19 (CIRA)
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But what are the shaded areas?

They represent a general risk of severity.

• They are calculated using 7 
parameters associated with severity. 

• Their goal is to provide a general 
background of how favorable the 
environment is to host severe 
convection.

• They do not speak about a specific 
risk, but rather a general risk that 
combines the influence of the seven 
factors. More information on this 
later!
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Therefore, overlapping the risk of hail over the general 
risk for severity builds forecast confidence!

Hail in Paraguay

10.3um Channel GOES-19 (CIRA)
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What are the other 
fields included in 

GR02T?
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Interpretation of GR02T
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Understanding the synoptic pattern is essential to 
improve the confidence in a hail forecast 
produced by GR02T.

This is why key fields are included in the graphical 
output: Low-level winds, to understand the 
influence of low-level jets; upper winds for upper 
jets; 500 hPa temperatures for systems in the 
mid-levels; high mixing ratio values in the mid-
troposphere, etc.



How does GR02T compute 
its fields?
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GR02T: Calculations

The algorithm has three steps:

• Part 1: Definition of where strong deep convection might develop

• Part 2: Definition of the severity potential of that deep convection

• Part 3.: Definition of the potential for hail
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GR02T PART 1

2)
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GR02T PART 2



GR02T PART 3
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Applications and 
Verification
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GR02T aligns with official Severe Wx Forecasts in the US
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GR02T works in the northern Caribbean, northern Central America and Mexico
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• Large hail occurred in Central 
Paraguay between 19 and 20 UTC.

• Satellite imagery shows V-shapes, 
typical from severe convection.

Case of Large Hail in Paraguay: 21 September 2025
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GR02T
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There is always room for 
improvement !
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Villa Carlos Paz Event
• Gargantuan Hail

Sources: Kumjian et al. (2020): Gargantuan hail in Argentina 
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• Enormous hail occurred in Córdoba, 
Argentina in 2018. But GR02T was not 
able to detect the potential.



Villa Carlos Paz Event

• GR02T was not able to grasp a signal for hail.
• However, considering other variables, especially wind shear in the 

700-500 hPa layer, allowed the detection of a potential for hail.
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Questions?

Thank you!
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