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Introducing Myself aka
Current Roles of Mauro Messerotti, Retiree But Not Too Much...

• INAF Research Associate with Research 
Assignment

• Senior Advisor for Space Weather, INAF 
Science Directorate

• Former Coordinator, Project “INAF National 
Network of Space Weather Services” 

• Adj. Professor, Dept. of Physics, University of 
Trieste, of
• Meteorology and Climatology of Space
• Physics of Space-Geospace Interactions
• Methods for Image Processing

• Adj. Professor, National Doctorate in Space 
Science & Technology, Space Weather

• Adj. Professor, Luiss Business School, Course 
on Space Economy, Space Weather

• Co-opted Member, Panel on Space Weather, 
Committee on Space Research (COSPAR)

• Co-opted Member, European Science 
Foundation (ESF), European Space Science 
Committee (ESSC), Solar System Exploration 
Panel (SSEP)

• Member, Steering Board, ESA Space Weather 
Working Team

• Senior Advisor, Trieste Solar Radio Weather 
Centre
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Scheme of the Presentation
• RADIO EMISSIONS IN THE SOLAR ATMOSPHERE

• SOLAR RADIO WEATHER AND DIRECT EFFECTS IN GEOSPHERE

• THE FORECAST OF SOLAR RADIO WEATHER

• THE ROLE OF SOLAR RADIO BURSTS IN THE SPACE WEATHER FRAMEWORK

• ANN APPROACHES FOR THE PREDICTION OF THE 10.7 CM RADIO INDEX

• CONCLUSIONS
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Radio Emissions
in the Solar Atmosphere
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Radio Emission Sources in Heliosphere
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The Quiet and the Active Sun

The Quiet Sun in 2020 The Active Sun on 10 May 2024
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Number of Sunspots, Area and Magnetic Complexity 
AR 3664 on 10 May 2024
81 sunspots 1090 MH 16 Earth’s diameter

Magnetic Complexity
𝜷𝜸𝜹
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Solar Radio Emission Processes
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Physical Nature of Solar Radio Emissions
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Indirect EM Emission Processes
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Conversion of Plasma Waves Into EM Waves
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Frequency and Momentum Matching
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Direct EM Emission Processes
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Direct EM Emission Processes (cont’d)
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Propagation of Radio Waves
in the Solar Corona
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Radio Emission Observables
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Radio Emission Sources
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Radio Flux Density and Polarisation
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The Electromagnetic Modes
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The Quasi-Circular (QC) Approximation
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The Quasi-Transverse (QT) Approximation
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Mode Coupling
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Approximate Location
of Solar Radio Sources
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The Local Plasma Frequency and Radio Wave Propagation
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The Coronal Plasma Frequency
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Coronal Radio Diagnostics
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Average Source Height of Solar Radio Emissions
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Effects of Density Irregularities
on Solar Radio Wave Propagation
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Refraction of Radio Waves on Large-Scale Coronal Structures
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Refraction and Scattering of Radio Waves
on Random Coronal Inhomogeneities
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Reflection of Radio Waves on Ordered Coronal Structures (Fibers)
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Physical Characteristics of a Radio Signal
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(Messerotti, 2024)
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Modifications of a Radio Signal

13/05/2024 MAURO MESSEROTTI 33

(Messerotti, 2024)
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Solar Radio Weather
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Radio Emissions From Solar Plasma
• The Sun is made of magnetised plasma at temperature and density which 

decrease nonlinearly from the core to the atmosphere

• The quiet Sun plasma of the Photosphere and Chromosphere originates  a 
broadband radio emission by thermal mechanisms

• The active Sun plasma in localised regions of the Photosphere, 
Chromosphere and Corona originates narrowband radio emissions by 
nonthermal mechanisms
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Solar Radio Weather
• THE SUN IS A SOURCE OF BROAD- AND NARROW-BAND RADIO EMISSIONS

GENERATED BY COHERENT AND INCOHERENT PROCESSES

• SUCH RADIO EMISSIONS CAN INCREASE BY SEVERAL ORDERS OF
MAGNITUDE UNDER PERTURBED SOLAR CONDITIONS

• SOLAR RADIO WEATHER REFERS TO THE PHYSICAL STATE OF THE SUN AS
AN ENSAMBLE OF RADIO SOURCES
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The Solar Radiation Spectrum
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PEAK FLUX 
INCREASE UP TO 4

ORDERS OF 
MAGNITUDE

QUIET SUN

ACTIVE SUN
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Direct Effects
of Solar Radio Weather
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Direct Effects of Solar Radio Weather
• SOLAR RADIO WEATHER SPANS FROM QUIET TO HIGHLY PERTURBED

CONDITIONS, ACCORDING TO THE ORIGINATED LEVEL OF SOLAR RADIO
NOISE

• TRAVEL TIME OF SOLAR EM EMISSIONS TO THE EARTH IS 8.3 MINUTES

• RADIO COMMUNICATION SYSTEMS (E.G. SATELLITE-BASED LOCALISATION,
AVIATION, AND MOBILE COMMUNICATION SYSTEMS) ARE PROMPTLY AND
DIRECTLY INTERFERED UNDER SPECIFIC CONDITIONS WITH NO
INTERMEDIATE PROCESS AND/OR AGENT
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The Sun as a Source of Interfering Radio Noise
• The Sun is a non-directional, broadband, non/polarised radio source

• Solar radio noise can
• increase by several orders of magnitude during significant radio events
• persist at high intensity levels from minutes to hours

• Enhanced solar radio noise can perturb
• HF radio communications
• mobile radio communications
• receivers for satellite geolocation systems
• augmentation systems
• radars
• satellite radio communications
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Radio Interference by a Solar Radio Signal
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Impact of a Solar Radio Burst on GPS Receivers on 6 December 2006
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Interference to GPS receivers on 28.10.2003
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PHASE SHIFT DURING THE SOLAR FLARE OF 28.10.2003 
DETECTED BY GPS RECEIVERS LOCATED IN THE 
ILLUMINATED TERRESTRIAL HEMISPHERE

RELATIVE DENSITY OF PHASE SLIP L1-L2 FOR ALL (d) AND 
FOR SINGLE GPS SATELLITES (a), (b) AND (c)

FLOW F(t) OF SOLAR RADIO EMISSION WITH RIGHT 
CIRCULAR POLARIZATION (RHCP) DETECTED AT 1420 
MHz BY TRIESTE SOLAR RADIO SPECTROPOLARIMETER (c)

Afraimovich et al., 2008
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So We Want to Predict
Solar Radio Weather and SRBs...

THAT’S TOO FUNNY...IN THE FOLLOWING I WILL EXPLAIN WHY IT IS SO
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Considerations on the Forecast
of

Solar Radio Weather
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Meteorology of Space
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The Forecast of the State of a Physical System
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The Prediction of the Physical State of a System
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Solar Drivers of Space Weather
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Solar Active Region Trigger Evolution
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Characterisation of a Solar Active Region
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Current Capacity
to Predict Solar Weather

ACCORDING TO MAURO MESSEROTTI
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Simplified Synopsis of Space Weather Domains and Impacts
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The Modern Paradigm for Space Weather
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• SPACE WEATHER MONITORING MEANS TO OBSERVE THE 
PHENOMENOLOGY WITH EARTH- AND SPACE-BASED INSTRUMENTS

• SPACE WEATHER SCIENCE MEANS TO MODEL THE PHENOMENOLOGY 
BASED ON OBSERVED DATA AND TO-DATE PHYSICAL KNOWLEDGE

• SPACE WEATHER OPERATIONS MEANS TO USE VALIDATED SCIENCE MODELS 
TO NOWCAST AND FORECAST SPACE WEATHER PHENOMENA AND IMPACTS

• A FEEDBACK FROM OPERATIONS TO SCIENCE AND BACKWARDS TO 
OPERATIONS HELPS IMPROVING THE MODELS AND, IN TURN, THE 
OPERATIONS (R2O2R)
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The Experimental Scenario
• OBSERVATIONS ARE OFTEN NOT DIACHRONIC BYT FRAGMENTARY IN TERMS 

OF TIME, ENERGY, AND SPACE COVERAGE

• THE SUN IS A PHYSICAL SYSTEM CONSTITUTED BY A SET OF NONLINEARLY-
COUPLED PHYSICAL SUBSYSTEMS WHICH EXHIBIT A CHAOTIC COMPLEX 
BEHAVIOUR

• THE SAME AS ABOVE HOLDS FOR ALL THE PHYSICAL SYSTEMS WHICH 
SOLAR PERTURBATIONS INTERACT WITH

13/05/2024 MAURO MESSEROTTI 55



of  79L’Aquila  OSWF School

The Theoretical Scenario
• EFFECTIVE MODELLING REQUIRES COMPREHENSIVE SETS OF DATA

• CHAOTIC COMPLEX SYSTEMS ARE VERY CHALLENGING TO BE MODELLED

• THE NONLINEAR SET OF EQUATIONS THAT DESCRIBE A LIMITED SUBSET OF A 
CHAOTIC COMPLEX SYSTEM IS USUALLY A SET OF ILL-POSED PARTIAL 
DIFFERENTIAL EQUATIONS WHICH IS VERY SENSITIVE TO MINIMAL CHANGES IN 
THE INITIAL CONDITIONS. THIS RESULTS IN A SET OF SOLUTIONS WHICH 
CONSTITUTE A DIVERGENT SPAGHETTI-LIKE SET AND THIS MAKES IMPOSSIBLE A 
ROBUST PREDICTION OF THE STATES AHEAD OF THE SYSTEM

• A CASCADE OF MODELS FROM THE SUN TO THE EARTH THAT HAVE TO BE 
ADEQUATELY INTERFACED IS QUITE CHALLENGING TO BE OPTIMISED

13/05/2024 MAURO MESSEROTTI 56



of  79L’Aquila  OSWF School

The Operational Scenario
• THE PROCESS OF VALIDATION FOR THE TRANSITION FROM SCIENTIFIC TO 

OPERATIONAL MODELS BASED ON STANDARD PROCEDURES IS QUITE LONG 
AND DEMANDING

• OPERATIONAL MODELS USED IN APPLICATIONS TO FORECAST KEY 
PHENOMENA DESCRIPTORS ARE LIMITED AND STILL NOT SATISFACTORY 
FROM THE POINT OF VIEW OF THE RELEVANT CONFIDENCE LEVEL

• THE AVAILABLE OPERATIONAL MODELS DO NOT COVER ALL THE NEEDED 
ASPECTS OF SPACE WEATHER PHENOMENOLOGY AND IMPACTS
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Current Forecasting Capacity for Solar Weather (According to MM)

08.03.2024  GUIDONIA

IDEAL FORECASTING CAPACITY CURRENT FORECASTING CAPACITY

ACTIVE REGION EMERGENCE NOWCASTING

MAGNETIC EVOLUTION OF ACTIVE REGIONS NOWCASTING / FORECASTING (EXPERIMENTAL)

FLARE TOPOLOGY AND DYNAMICS NOWCASTING / FORECASTING (EXPERIMENTAL)

IMPULSIVE PHOTON EMISSION WITH SPECTRUM AND SPECTRAL 
ENERGY PEAK E.G. SOLAR RADIO EMISSIONS

NOWCASTING

MASS EJECTION GENERATION FROM THE SOLAR CORONA (CME)
WITH MASS, TOPOLOGY, SPEED, DIRECTION AND MAGNETIC
TOPOLOGY
A. TIME OF ARRIVAL ON EARTH (ON A PLANET)
B. STRENGTH OF IMPACT AND INTENSITY OF MAGNETIC

DISTURBANCES CAUSED BY IT

NOWCASTING

NOWCASTING / FORECASTING (EXPERIMENTAL)
NOWCASTING / FORECASTING (EXPERIMENTAL)

ACCELERATION OF ENERGETIC PARTICLES (SEP) WITH SPECIES,
DIFFERENTIAL ENERGY SPECTRUM, FLUENCE AND RIGIDITYÀ
A. TIME OF ARRIVAL ON EARTH (ON A PLANET)
B. STRENGTH OF IMPACT AND INTENSITY OF MAGNETIC

DISTURBANCES CAUSED BY IT

NOWCASTING

NOWCASTING / FORECASTING (EXPERIMENTAL)
NOWCASTING
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Specific Forecast Approach
• WHAT

• EVENT OCCURRENCE
• DESCRIBED BY

• PROBABILITY & CONFIDENCE LEVEL
• HOW

• PHYSICS-BASED MODEL
• EMPIRICAL MODEL
• HYBRID MODEL
• STATISTICAL MODEL
• MACHINE/DEEP LEARNING

• APPLIED TO
• INDEX/PROXY TIME SERIES
• IMAGE TIME SERIES
• IMAGE CUBE TIME SERIES
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• SINGLE EVENT CATEGORY
• NO EVENT BY-PRODUCTS 

• LOW CONFIDENCE LEVEL

• VERY FEW
• MANY
• VERY FEW
• QUITE A NUMBER
• INCREASING NUMBER

• MOST WIDELY USED
• MODERATELY USE
• VERY LIMITED USE
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Forecasting Techniques Based on Artificial Intelligence
A. ARTIFICIAL NEURAL NETWORKS

B. AUTOMATIC LEARNING (MACHINE LEARNING)

C. IN-DEPTH LEARNING (DEEP LEARNING)

CONSIDERATIONS

• REQUIRE VERY EXTENSIVE DATA BASES FOR SUCCESSFUL LEARNING
• PROVIDE ACCEPTABLE BUT NOT YET OPTIMAL RESULTS
• CONFIDENCE LEVEL BELOW 95% IS INADEQUATE AS UNREALISTIC
• ARE USED DUE TO LIMITED KNOWLEDGE OF THE PHYSICS
• ARE A VALUABLE HELP BUT NOT THE ULTIMATE SOLUTION
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Convolutional Neural Network
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Synopsis of Solar Radio Bursts
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Monitoring Solar Radio Bursts for Space Weather
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Typology of Solar Radio Bursts
Timing of Flare-Related Events
(MCLean and Labrum, 1985)

Flare-Related Solar Radio Bursts
(Dulk, 1994)
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Solar Radio Emissions Considered by NOAA/SWPC
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NOAA/SWPC Solar Radio Bursts Alerts
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Details of SWPC Solar Radio Bursts Alert Levels
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A Neural Network Approach
to the Forecast

of the 10.7 cm Solar Radio Index
BY MY PHD STUDENT A. MARCUCCI AND MY COLLABORATORS G. JERSE AND V. 
ALBERTI AKA THEY HAVE DONE THE WORK AND I TAKE THE CREDIT AS USUALLY 
OCCURS WHEN YOU ARE A SENIOR
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MARCUCCI (2024)
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MARCUCCI (2024)
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MARCUCCI (2024)
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MARCUCCI (2024)
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MARCUCCI (2024)
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MARCUCCI (2024)
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Conclusions
• TO DATE, THE COMPLEXITY OF THE PHYSICS UNDERPINNING SOLAR RADIO 

EMISSIONS AND THEIR TRIGGERING PROCESSES DOES NOT ALLOW ANY 
RELIABLE FORECAST OF THE OCCURRENCE OF SOLAR RADIO BURSTS

• WE CAN PROVIDE A STATISTICAL ESTIMATE OF SRB OCCURRENCE BY 
RESORTING ON SOLAR RADIO CLIMATOLOGY, I.E., THE OBSERVATIONS OF 
SRBs ON A VERY LONG TIME SPAN

• SOLAR RADIO CLIMATOLOGY IS QUITE INCOMPLETE AND THIS AFFECTS THE 
USE OF MACHINE/DEEP LEARNING APPROACHES

• AN EFFECTIVE APPROACH IN FORECASTING SOLAR RADIO INDICES IS THE 
USE OF ANN WITH ADVANCED ARCHITECTURES
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TOO PESSIMISTIC?

A PESSIMIST IS A WELL-INFORMED OPTIMIST...
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THANK YOU FOR YOUR ATTENTION!
ANY QUESTIONS?
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