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AnAn IntroductionIntroduction

ToTo

SpaceSpace MeteorologyMeteorology

M. MesserottiM. Messerotti1,21,2

11INAFINAF--TriesteTrieste AstronomicalAstronomical ObservatoryObservatory,, ItalyItaly
22Dept. Of Dept. Of PhysicsPhysics, University of Trieste, , University of Trieste, ItalyItaly



M.M. MesserottiMesserotti IntInt’’ll AdvancedAdvanced SchoolSchool on Space on Space WeatherWeather, 2, 2--19 19 MayMay 2006, ICTP2006, ICTP 2

SCHEME OF THE TALKSCHEME OF THE TALK

•• COST Action 724 and WG 1COST Action 724 and WG 1

•• TheThe StarStar--PlanetPlanet EnvironmentEnvironment: Stellar : Stellar MeteorologyMeteorology

•• AA FoundationFoundation OntologyOntology forfor SpaceSpace MeteorologyMeteorology

•• RepresentingRepresenting knowledgeknowledge viavia ConceptConcept MapsMaps

•• TheThe definitiondefinition ofof foundationfoundation ontologyontology

•• WhyWhy dodo wewe needneed itit??

•• OntologyOntology of Space of Space MeteorologyMeteorology

•• OntologyOntology ofof SolarSolar WeatherWeather

•• KeyKey IssuesIssues

•• MonitoringMonitoring,, ModelingModeling andand ForecastingForecasting SpaceSpace WeatherWeather: the Scenario: the Scenario

•• The Dream The Dream SolarSolar WeatherWeather NetworkNetwork……
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The COST Action 724The COST Action 724

DevelopingDeveloping thethe ScientificScientific BasisBasis forfor

MonitoringMonitoring,, ModelingModeling andand PredictingPredicting

SpaceSpace WeatherWeather
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StructureStructure of COST Action 724    http://cost724.obs.ujfof COST Action 724    http://cost724.obs.ujf--grenoble.frgrenoble.fr
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StructureStructure of COST Action 724 of COST Action 724 –– WorkingWorking GroupGroup 11

http://ca724wg1.ts.astro.it/http://ca724wg1.ts.astro.it/
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TheThe StarStar--PlanetPlanet EnvironmentEnvironment

AA DescriptionDescription

at the at the HighestHighest LevelLevel ofof AbstractionAbstraction



THE STELLAR ENVIRONMENTTHE STELLAR ENVIRONMENT

•• COMPLEXCOMPLEX PHYSICAL SYSTEMPHYSICAL SYSTEM composedcomposed ofof

•• COUPLEDCOUPLED PHYSICAL SYSTEMSPHYSICAL SYSTEMS asas

–– InterstellarInterstellar WindWind ((diluteddiluted magnetizedmagnetized plasma)plasma)

–– STARSTAR ((magnetizedmagnetized plasma in plasma in organizedorganized state)state)

–– StellarStellar WindWind ((diluteddiluted magnetizedmagnetized plasma)plasma)

–– PLANETPLANET ((gaseousgaseous oror condensedcondensed organizedorganized mattermatter))

•• atat DIFFERENT PHYSICAL CONDITIONSDIFFERENT PHYSICAL CONDITIONS defineddefined byby

–– TemperatureTemperature

–– DensityDensity

–– GravityGravity

–– MagneticMagnetic FieldField

–– ChemicalChemical CompositionComposition

Messerotti (2003, 2005)



SCHEME OF A STELLAR ENVIRONMENTSCHEME OF A STELLAR ENVIRONMENT

STAR Planet

Stellarsphere

ISM

Stellar

Wind

Interstellar

Wind

IPM

Magnetosphere

Messerotti (2003, 2005)



PERTURBATIONS IN THE STELLAR ENVIRONMENTPERTURBATIONS IN THE STELLAR ENVIRONMENT

STAR Planet
Stellar

Wind

Shocks

Interstellar

Wind

Shocks

Cosmic

Rays

Interstellar

Radiation

Outbursts

Stellar

Mass

Ejections

Radiation

Outbursts

Magnetosphere

Planetary
Debris

Messerotti (2003, 2005)



STELLAR SPACE METEOROLOGYSTELLAR SPACE METEOROLOGY

TheThe Stellar Space Stellar Space MeteorologyMeteorology observesobserves

•• thethe physicalphysical state of the state of the stellarspherestellarsphere

•• thethe perturbativeperturbative phenomenologyphenomenology whichwhich affectsaffects itit

on aon a

•• short time scale short time scale STELLAR SPACE WEATHERSTELLAR SPACE WEATHER

•• long  time scalelong  time scale STELLAR SPACE CLIMATESTELLAR SPACE CLIMATE

andand triestries toto predictpredict thethe potentialpotential perturbationsperturbations on aon a

•• short time scale short time scale SSpWSSpW NOWCASTINGNOWCASTING

•• long  time scalelong  time scale SSpWSSpW FORECASTINGFORECASTING

Messerotti (2003, 2005)



STELLAR SPACE METEOROLOGY DRIVERSSTELLAR SPACE METEOROLOGY DRIVERS

•• STARSTAR

–– L, M, R, Te, L, M, R, Te, cccc

–– MagneticityMagneticity

–– VariabilityVariability

–– WindWind

•• PLANETARY SYSTEMPLANETARY SYSTEM

–– OrbitalOrbital dynamicsdynamics

–– PopulationPopulation diversitydiversity

Messerotti (2003, 2005)



PLANETARY RESPONSE DRIVERSPLANETARY RESPONSE DRIVERS

•• MassMass

•• RadiusRadius

•• DensityDensity

•• OrbitalOrbital dynamicsdynamics

•• SurfaceSurface morphologymorphology

•• AtmosphereAtmosphere

•• MagnetosphereMagnetosphere

Messerotti (2003, 2005)



TheThe SolarSolar--TerrestrialTerrestrial EnvironmentEnvironment

PHYSICAL CONDITIONS

• defined as SPACE WEATHER

• strongly affected by SOLAR ACTIVITY but

• HIGHLY NONLINEARLY COUPLED with it

• QUITE COMPLEX TO FORECAST

Messerotti (1999, 2001)



COUPLING IN THE SUNCOUPLING IN THE SUN--EARTH SYSTEMEARTH SYSTEM
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SUN INTERPLANETARY

SPACE

EARTH

ENVIRONMENT

Radiated Power

3.82 1023 kW 1.36 kW/m2

Total SW Mass Flow

106 tons/s

Energy in SW

4.1 1020 W 1013 W / 30 RE

Energy in CME

7 1018 W 1.73 1017 W
Messerotti (1999, 2001)



CHARACTER OF THE MAGNETIC FIELDCHARACTER OF THE MAGNETIC FIELD
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DIPOLAR   RADIAL  SECTORED            DIPOLAR

AZIMUTHAL            WARPED         ASYMMETRIC

MAGNETIC FIELD

• Arch. spiral

• 0.1-80 nT

• 4 SSBs

• +/- 7.25° lat

• 45° cross angle

Messerotti (1999, 2001)



SOLAR DRIVERS OF IPM & EARTH PERTURBATIONSSOLAR DRIVERS OF IPM & EARTH PERTURBATIONS
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Fluid motions

Sunspots

e.g.

Flares , X, UV                  SID

p, e                    PCA

Prominences CME

Filaments

Condensations

Streamers                    Slow SW

Recurrent & n.-rec.

Coronal Holes Fast SW         Geomagnetic Storms
Messerotti (1999, 2001)



INDICATIVE TIMING OF SINDICATIVE TIMING OF S--T PERTURBATIONST PERTURBATIONS
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Flare 8 minX, UV
• Enhanced ionization: SID

• Heating + expansion: Drag

Protons mins-hrs
• Enhanced ionization @ poles: PCA

• Enhanced particle level in Magnetosphere

CME hrs-days
• Current system perturbation: Geomag. Storm

Fast S.W. Streams hrs-days
• Ring currents perturbation: Geomag. Storm

Prominence

Coronal Hole

Messerotti (1999, 2001)
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SpaceSpace WeatherWeather ScienceScience && ServiceService SchemeScheme

OBSERVATIONOBSERVATION MODELINGMODELING SERVICESSERVICES

EarthEarthIPMIPMSunSun

PhenomenologyPhenomenology

Solar Phenomena,

Phenomena that

affect

IPM & Earth

Phenomena that

occur

in IPM & on Earth

STATISTICALSTATISTICAL

ANALYSISANALYSIS

CORRELATIONS

PRECURSORS

Level 0

NOWCASTING

Level 1

WARNINGS

ALERTS

Level 2

FORECASTING
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AA FoundationFoundation OntologyOntology

forfor

SpaceSpace MeteorologyMeteorology

ForFor aa StructuredStructured OrganizationOrganization

of the of the KnowledgeKnowledge on the on the SubjectSubject
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AA SemanticSemantic ModelModel forfor KnowledgeKnowledge

KNOWLEDGEKNOWLEDGE
ConceptsConcepts

andand

RelationshipsRelationships
PropositionsPropositions

CONCEPTCONCEPT
Pattern ofPattern of

RegularitiesRegularities

in Objectsin Objects

DescriptiveDescriptive

KnowledgeKnowledge

ElementElement

RELATIONSHIPRELATIONSHIP
LogicalLogical

ActionAction

LinkLink

InferencingInferencing

KnowledgeKnowledge

ElementElement
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KnowledgeKnowledge RepresentationRepresentation SchemeScheme

ConceptsConcepts RelationshipsRelationships

ConceptsConcepts RelationshipsRelationships

ConceptsConcepts RelationshipsRelationships
PropositionProposition

AA

PropositionProposition

BB

PropositionProposition

CC
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IHMCIHMC11 ConceptConcept MapMap FeaturesFeatures

•• RepresentRepresent aa graphicalgraphical schemescheme ofof knowledgeknowledge inin

organizedorganized formform

•• AreAre interactivelyinteractively generatedgenerated byby meansmeans of a of a multimulti--

platformplatform softwaresoftware tooltool

•• AreAre implementableimplementable asas XHTML/XMLXHTML/XML documentsdocuments

•• ExternalExternal resourcesresources cancan bebe associatedassociated toto

conceptsconcepts (e.g.(e.g. scriptsscripts,, hyperlinkshyperlinks,, etcetc.).)

1Institute for Human and Machine Cognition, FL, USA
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IHMCIHMC ConceptConcept MapMap DevelopmentDevelopment ToolTool



M.M. MesserottiMesserotti IntInt’’ll AdvancedAdvanced SchoolSchool on Space on Space WeatherWeather, 2, 2--19 19 MayMay 2006, ICTP2006, ICTP 24

AA SampleSample CmapCmap

22--D REPRESENTATIOND REPRESENTATION

OFOF

A SET OF CONCEPTSA SET OF CONCEPTS

ANDAND

THEIR INTERRELATIONSHIPSTHEIR INTERRELATIONSHIPS
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CmapCmap StructureStructure

CONCEPTCONCEPT

CONCEPTCONCEPT

RELATIONRELATION

PropositionProposition

KNOWLEDGEKNOWLEDGE
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CONCEPTCONCEPT

FRAMEWORKFRAMEWORK

MostMost inclusiveinclusive

LeastLeast inclusiveinclusive
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WhatWhat isis aa FoundationFoundation OntologyOntology??

•• ONTOLOGYONTOLOGY describesdescribes knowledgeknowledge andand itit

isis thethe formulationformulation of a of a conceptualconceptual

schemaschema aboutabout aa domaindomain constructedconstructed byby::

–– DefiningDefining the precise the precise meaningmeaning ofof domaindomain

entitiesentities ((semanticssemantics))

–– IdentifyingIdentifying thethe relationshipsrelationships betweenbetween entitiesentities

((associativityassociativity))

–– StatingStating thethe rulesrules betweenbetween entititesentitites/set of /set of 

entitiesentities ((operativityoperativity))
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WhyWhy dodo wewe needneed aa FoundationFoundation OntologyOntology??

•• NoNo clearclear definitiondefinition of the of the terminologyterminology

•• NoNo clearclear definitiondefinition of the of the physicalphysical domainsdomains

•• InterrelationshipsInterrelationships defineddefined onlyonly on a on a 

fragmentaryfragmentary basisbasis andand limitedlimited toto subsub--

domainsdomains
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DefinitionDefinition of Space of Space MeteorologyMeteorology

M. Messerotti, 2005
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DefinitionDefinition ofof OuterOuter SpaceSpace

M. Messerotti, 2005
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CharacterizationCharacterization ofof OuterOuter SpaceSpace

M. Messerotti, 2005
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CharacterizationCharacterization ofof OuterOuter SpaceSpace ConstituentsConstituents

M. Messerotti, 2005
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TheThe GalacticGalactic NeighborhoodNeighborhood

M. Messerotti, 2005
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DefinitionDefinition ofof EcospaceEcospace

M. Messerotti, 2005
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CharacterizationCharacterization of Time of Time ScalesScales

M. Messerotti, 2005
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ExamplesExamples of Long of Long CharacteristicCharacteristic TimesTimes

M. Messerotti, 2005
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ExamplesExamples of Medium of Medium CharacteristicCharacteristic TimesTimes

M. Messerotti, 2005
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ExamplesExamples of Short of Short CharacteristicCharacteristic TimesTimes

M. Messerotti, 2005

M. Messerotti, 2005
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CharacterizationCharacterization of the of the PhysicalPhysical State of SpaceState of Space

M. Messerotti, 2005
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DefinitionDefinition ofof IntrinsicIntrinsic DriverDriver ElementsElements

M. Messerotti, 2005
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DefinitionDefinition ofof InnerInner DriverDriver ElementsElements

M. Messerotti, 2005
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DefinitionDefinition ofof OuterOuter DriverDriver ElementsElements

M. Messerotti, 2005
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ImpactsImpacts of Space of Space ConditionsConditions

M. Messerotti, 2005
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TechnologicalTechnological andand EnvironmentalEnvironmental EffectsEffects

M. Messerotti, 2005
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SolarSolar DriversDrivers

M. Messerotti, 2005



M.M. MesserottiMesserotti IntInt’’ll AdvancedAdvanced SchoolSchool on Space on Space WeatherWeather, 2, 2--19 19 MayMay 2006, ICTP2006, ICTP 46

ReviewReview ofof

AvailableAvailable ModelsModels

forfor SolarSolar DriversDrivers

F. Zuccarello, 2005
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SolarSolar ActivityActivity

M. Messerotti, 2005
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HybridHybrid ModelModel forfor SolarSolar WeatherWeather PredictionPrediction

H. Lundstedt, 2004



M.M. MesserottiMesserotti IntInt’’ll AdvancedAdvanced SchoolSchool on Space on Space WeatherWeather, 2, 2--19 19 MayMay 2006, ICTP2006, ICTP 49

KeyKey IssuesIssues
•• AA foundationfoundation ((domaindomain)) ontologyontology forfor SpaceSpace MeteorologyMeteorology

andand SolarSolar WeatherWeather hashas beenbeen builtbuilt byby meansmeans ofof ConceptConcept
MapsMaps in the in the frameworkframework of COST Action 724 of COST Action 724 –– WorkingWorking
GroupGroup 11

•• AA clearclear andand analyticalanalytical definitiondefinition of the of the terminologyterminology and of and of 
thethe physicalphysical domainsdomains isis aa fundamentalfundamental guidelineguideline inin
categorizingcategorizing andand interpretinginterpreting thethe phenomenologyphenomenology

•• TheThe identificationidentification of the of the interrelationshipsinterrelationships betweenbetween
entititesentitites isis aa fundamentalfundamental guidelineguideline inin modellingmodelling thethe
driversdrivers

•• AnAn approachapproach basedbased on a on a balancebalance betweenbetween synthesissynthesis andand
analysisanalysis isis thethe mostmost promisingpromising oneone forfor aa deeperdeeper
understandingunderstanding of the of the solarsolar activityactivity complexitycomplexity andand itsits
predictabilitypredictability
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MonitoringMonitoring Scenario:Scenario: TheThe ProsPros

•• SOLAR WEATHER MONITORSSOLAR WEATHER MONITORS

–– RadiationRadiation && particlesparticles

•• SpaceSpace--basedbased detection (e.g. SOHO)detection (e.g. SOHO)

•• GroundGround--basedbased detection (detection (manymany instrumentsinstruments))

–– MonitoredMonitored phenomenologyphenomenology

•• InnerInner plasmaplasma

•• PhotosphericPhotospheric plasmaplasma

•• ChromosphericChromospheric plasmaplasma

•• CoronalCoronal plasmaplasma

•• ExtendedExtended coronalcoronal plasmaplasma

Messerotti & Lundstedt (2004)
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MonitoringMonitoring Scenario:Scenario: TheThe ConsCons

•• SPACESPACE--* and GROUND* and GROUND--BASED MONITORSBASED MONITORS

–– INCOMPLETENESS inINCOMPLETENESS in

•• PhenomenologyPhenomenology coveragecoverage

•• SpatialSpatial coveragecoverage

•• TemporalTemporal coveragecoverage

•• EnergyEnergy coveragecoverage

–– MOSTLY NONMOSTLY NON--REALREAL--TIME OPERATIONSTIME OPERATIONS

–– LIMITATIONS IN LIMITATIONS IN TELEMETRY*TELEMETRY*

–– UNGUARANTEEDUNGUARANTEED MISSION*MISSION*/OPERATION/OPERATION

CONTINUITYCONTINUITY

–– LIMITEDLIMITED MISSION*MISSION*/OPERATION DURATION/OPERATION DURATION

–– MISSION*MISSION*/INSTRUMENTATION DESIGN DRIVEN /INSTRUMENTATION DESIGN DRIVEN 

BYBY ““ALCHEMIC POLITICALALCHEMIC POLITICAL”” CONSTRAINTSCONSTRAINTS

Messerotti & Lundstedt (2004)
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MonitoringMonitoring Scenario:Scenario: The Data The Data IssuesIssues

•• COMMON TO SPACECOMMON TO SPACE-- ANDAND

GROUNDGROUND--BASED MONITORS:BASED MONITORS:

–– HUGE NUMBER OF DATA HUGE NUMBER OF DATA 

SETSSETS

–– LARGE NUMBER OF DATA LARGE NUMBER OF DATA 

STANDARDSSTANDARDS

–– LIMITED DATA LIMITED DATA 

AVAILABILITYAVAILABILITY

–– NONNON--REALREAL--TIMETIME

AVAILABILITYAVAILABILITY

–– LIMITED DATA LIMITED DATA 

ACCESSIBILITYACCESSIBILITY

–– NONNON--USERUSER--FRIENDLYFRIENDLY

SEARCH AND RETRIEVALSEARCH AND RETRIEVAL

–– DIFFICULT DATA DIFFICULT DATA 

CALIBRATIONCALIBRATION

–– COMPLEX DATA ANALYSISCOMPLEX DATA ANALYSIS

–– LIMITED CROSSLIMITED CROSS--DATA AN.DATA AN.

•• POSSIBLE SOLUTIONS TO POSSIBLE SOLUTIONS TO 
MOST ISSUES:MOST ISSUES:

–– NONE: WILL INCREASE TO NONE: WILL INCREASE TO 
PBsPBs

–– COORDINATION ON COORDINATION ON 
COMMON STANDARDSCOMMON STANDARDS

–– AGREEMENT ON DATA AGREEMENT ON DATA 
POLICIESPOLICIES

–– DEVELOPMENT OF DEVELOPMENT OF 
VIRTUAL MONITORSVIRTUAL MONITORS

–– IMPROVEMENT IN WEB IMPROVEMENT IN WEB 
ACCESSIBILITYACCESSIBILITY

–– ADVANCED DATA ADVANCED DATA 
HANDLINGHANDLING

–– INCORPORATION OF S/W INCORPORATION OF S/W 
LIBRARIESLIBRARIES

–– DEVELOPMENT OF DEVELOPMENT OF 
VIRTUAL OBSERVATORIESVIRTUAL OBSERVATORIES

HS NETWORKING, HPC, I-GRID

Messerotti & Lundstedt (2004)
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ModellingModelling ScenarioScenario:: TheThe ConsCons

•• NO SELFNO SELF--CONSISTENT THEORY CONSISTENT THEORY forfor::

–– ARAR formationformation && evolutionevolution

–– FLAREFLARE triggeringtriggering,, accelerationacceleration,, radiationradiation

–– PROMINENCEPROMINENCE fomationfomation && eruptioneruption

–– CME generation & CME generation & propagationpropagation

–– CMECME plasmoidplasmoid structurestructure andand magneticmagnetic fieldfield

–– SLOW SW generation, SLOW SW generation, evolutionevolution && topologytopology

–– FAST SW generation, FAST SW generation, evolutionevolution && topologytopology

–– IP MAGNETIC FIELD IP MAGNETIC FIELD topologytopology

–– INTERACTIONINTERACTION withwith GMFGMF

Messerotti & Lundstedt (2004)
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ForecastingForecasting ScenarioScenario:: TheThe ConsCons

•• LIMITED RESULTS LIMITED RESULTS forfor::
–– ARAR formationformation && evolutionevolution

•• ExpertExpert SystemsSystems basedbased on a posteriori on a posteriori modellingmodelling

–– FLAREFLARE occurrenceoccurrence & class& class
•• StatisticalStatistical methodsmethods basedbased onon precursorsprecursors & SOC& SOC

•• MainlyMainly nowcastingnowcasting

–– CMECME formationformation && evolutionevolution
•• StatisticalStatistical methodsmethods basedbased onon precursorsprecursors

•• MainlyMainly nowcastingnowcasting

•• STATESTATE--OFOF--THETHE--ARTART basedbased onon hybridhybrid approachapproach
involvinginvolving AI TECHNIQUESAI TECHNIQUES

•• THE MAIN ISSUE THE MAIN ISSUE isis THE LACK of / LIMITED THE LACK of / LIMITED 
SCIENTIFIC KNOWLEDGE on the PHYSICSSCIENTIFIC KNOWLEDGE on the PHYSICS

Messerotti & Lundstedt (2004)
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SOLAR WEATHER VISIONSSOLAR WEATHER VISIONS

•• ImprovedImproved knowledgeknowledge ofof
–– PhysicsPhysics ofof solarsolar activityactivity processesprocesses

–– PropagationPropagation && couplingcoupling

–– PrecursorsPrecursors,, timingstimings && occurrenceoccurrence frequenciesfrequencies

•• ComprehensiveComprehensive networknetwork of spaceof space-- && groundground--basedbased realreal--
timetime observatoriesobservatories

•• SolarSolar--TerrestrialTerrestrial VirtualVirtual MonitorMonitor II--GridGrid

•• GeospaceGeospace modelsmodels fullyfully incorporateincorporate SolarSolar WeatherWeather keykey
parametersparameters

IMPROVED NOWCASTING & FORECASTINGIMPROVED NOWCASTING & FORECASTING

Messerotti & Lundstedt (2004)
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The Dream The Dream SolarSolar WeatherWeather NetworkNetwork

•• 33--DD solarsolar inin situsitu monitoringmonitoring (6 RTT (6 RTT spacecraftsspacecrafts))

•• 33--D IP in D IP in situsitu monitoringmonitoring (3 RTT (3 RTT spacecraftsspacecrafts))

•• 33--DD EarthEarth inin situsitu monitoringmonitoring (6 RTT (6 RTT spacecraftsspacecrafts))

•• CompleteComplete groundground--basedbased observingobserving networknetwork

•• RealReal--timetime datadata storagestorage && indexingindexing

•• RealReal--timetime datadata availabilityavailability && analysisanalysis

•• RealReal--timetime modellingmodelling && forecastingforecasting Messerotti & Lundstedt (2004)



M.M. MesserottiMesserotti IntInt’’ll AdvancedAdvanced SchoolSchool on Space on Space WeatherWeather, 2, 2--19 19 MayMay 2006, ICTP2006, ICTP 57

GlossaryGlossary 11

AIAI ArtificialArtificial IntelligenceIntelligence

ARAR ActiveActive RegionRegion

CMECME CoronalCoronal MassMass EjectionEjection

CRCR CosmicCosmic RaysRays

CRCR--II PrimaryPrimary CosmicCosmic RaysRays

GCRGCR GalacticGalactic CosmicCosmic RaysRays

GMFGMF GeoMagneticGeoMagnetic FieldField

HPCHPC High Performance ComputingHigh Performance Computing

HSHS HighHigh SpeedSpeed

II--GridGrid IntelligentIntelligent GridGrid

IPIP InterPlanetaryInterPlanetary

PBPB PetaBytePetaByte

RTTRTT RealReal--TimeTime TelemetryTelemetry

SCRSCR SolarSolar CosmicCosmic RaysRays

SOCSOC SelfSelf--OrganizedOrganized CriticalityCriticality

SOHOSOHO SolarSolar andand HeliosphericHeliospheric ObservatoryObservatory

SWSW SolarSolar WindWind

S/WS/W SoftWareSoftWare
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