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Outline

In this seminar, we will examine the processes and weather conditions 
conducive to intense precipitation, also in the context of climate change 
induced by global warming. 

We will also speak about operational forecasting procedures, including the 
experimental use of machine learning techniques to improve the anticipation 
of these events



Operational weather forecasting

Che tempo fa secondo l’intelligenza artificiale, Internazionale, Luglio 2024
https://www.internazionale.it/notizie/federico-grazzini/2024/07/10/rivoluzione-previsioni-tempo

…with the arrival of the first electronic computers capable of processing 
these equations, albeit in a simplified manner, that numerical weather 
prediction was born. Since the early 1970s, some large research centres have 
begun to produce daily numerical forecasts.

Since then, the global physical-mathematical models that arrive in the 
operations rooms of national meteorological services (and feed into mobile 
phone apps) have improved enormously thanks to the studies of four 
generations of meteorologists, physicists, mathematicians and software 
engineers that such a level of accuracy has been achieved.

https://www.internazionale.it/notizie/federico-grazzini/2024/07/10/rivoluzione-previsioni-tempo


The daily work of operational meteorologist is to interpret model outputs



Operational weather forecasting



Forecast accuracy is improving steadily, 1 day /10 years.

Is this improvement visible on all weather types ?
What about for extreme events ?

In the early 2000 we were asked by 
management to show improvements 
for specific weather events 

Shifting interest to severe weather 



Let’s focus on precipitation (extremes)



ε Microphysics (one of the most difficult parameterization in nwp models)



ω Dynamics (dynamically induced ascending motions)



T,q
s
 Thermodynamics



Dynamics associated with synoptic waves cause water vapour to be channelled 
into long atmospheric rivers that can sustain condensation processes and 
precipitation for many hours or days



https://www.youtube.com/watch?v=MzW5Isbv2A0&t=62

Global warming dramatically alter these components 

Changes in frequency and 
persistence of synoptic waves

Changes in temperature and vertical profile induces 
significant changes in the thermodynamics

exponential increase of qs 7% / °C

https://www.youtube.com/watch?v=MzW5Isbv2A0&t=62


Intensity records:
• World : 472 mm/1h, Gansu (China), Luglio 

1991 fonte WMO N.1045

• Med : 185 mm/1h, Turis (Valencia), Spain 
Otc. 2024

• Italy : 181 mm/1h, Vicomorasso (Ge), Nov 
2011

• E-R: 123mm/1h, Rimini, Giugno 2013
         Val Trebbia Settembre 2015

The Mediterranean is an hotspot for extreme precipitation events 



 EPE atmospheric ingredients are increasing

Nonlinearities produces strong increase in LHR. 
Precip intensity >> CC scaling

Calvo-Sancho et al. 2025, preprint on Valencia flood attribution



Different response to water vapour increase      

Large basins > 500 km2 Small basins < 50 km2



4 November 1966 - Flood in Florence, Venice and N-east regions

29 ottobre 2018 - Vaia 
storm 

Sioni, F., Davolio, S., Grazzini, F. and Giovannini, L. (2023) 
Revisiting the atmospheric dynamics of the two century 
floods over north-eastern Italy. Atmospheric Research , 286, 
106662. 
URL: https://linkinghub.elsevier.com/retrieve/pii/ 
S0169809523000595

Esempio dei due eventi più 
significativi sul N-IT in termini di 
volume di pioggia scaricato in 24h 
(1961-2023)

Recognizing synoptic forcing



MaLCoX (Machine Learning model predicting Condition for eXtreme precipitation ) 

running daily @ARPAE 
with 14 predictors 

derived from ECMWF 
HRES forecast fields

Grazzini, F., Dorrington, J., Grams, C.M., Craig, G.C., Magnusson, L. & Vitart, F. (2024) Improving 
forecasts of precipitation extremes over northern and central Italy using machine learning. 
Quarterly Journal of the Royal Meteorological Society, 1–15. Available from: 
https://doi.org/10.1002/qj.4755

https://doi.org/10.1002/qj.4755


Dorrington, J., Wenta, M., Grazzini, F., Magnusson, L., Vitart, F., and Grams, C. M.: Precursors and pathways: dynamically 
informed extreme event forecasting demonstrated on the historic Emilia-Romagna 2023 flood, Nat. Hazards Earth Syst. Sci., 
24, 2995–3012, https://doi.org/10.5194/nhess-24-2995-2024, 2024.

Precursors and pathways



Iacomino, C., S. Pascale, G. Zappa, et al. 2025. “ A Classification of High-Risk Atmospheric Circulation Patterns for Italian Precipitation 
Extremes.” International Journal of Climatology 45, no. 15. https://doi.org/10.1002/joc.70118.

High risk circulation pattern for Italy

https://doi.org/10.1002/joc.70118


Italy's National Weather-Hydrogeological Warning System

Italy's National Weather-Hydrogeological Warning System is designed to prevent 
and manage risks from extreme weather events such as floods, landslides, and 
storms. 

It operates through a collaborative framework involving:

● The Department of Civil Protection (DPC) at the national level, which 
coordinates efforts and evaluates risks with nationwide impacts.

● A network of Functional Centers (CF), comprising the Central Functional 
Center (CFC) and Regional (distributed) Functional Centers (CFD).

● The system uses a color-coded alert scale (Green, Yellow, Orange, Red) to 
standardize warnings and ensure timely communication to local authorities 
and the public.

● The network counts 21 “Centri Funzionali”: 1 central in Rome at the 
National Civil Protection Department, 20 in the national territory, one for 
each Region.

● The Emilia-Romagna Region entrust the management of the “Centro 
Funzionale” to Arpae – Struttura Idro-Meteo-Clima. Activities started on 
November 2005



➔ The Regional Agency for 
Territorial Safety and Civil 
Protection combines ARPAE’s 
hazard assessments with an 
analysis of the region’s 
territorial vulnerabilities.

Risk Assessment as the Basis for the Alert System

➔ ARPAE provides daily 
assessments of meteorological, 
hydraulic and hydrogeological 
hazards.

➔ Evaluations are supported by the 
expertise of the Geological, 
Seismic, and Soil Service of the 
Emilia-Romagna Region.

Alerts are disseminated to 
citizens and administrators 
through an official weather 
portal

Based on integrated risk assessments for all 
phenomena across all alert areas (defined by 
hydrological, meteorological, orographic, and 
administrative criteria), daily bulletins ('green' 
condition for all areas) or alerts ('yellow,' 
'orange,' or 'red' for at least one area and 
phenomenon) are issued.

Centro Funzionale

https://allertameteo.regione.emilia-romagna.it/
https://allertameteo.regione.emilia-romagna.it/


The Lamone river overflows its banks near Bagnacavallo, in the region of Emilia-Romagna, Italy, Thursday, Sept. 19, 2024. (AP)


