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The COST Action 724

Developing the Scientific Basis for
Monitoring, Modeling and Predicting
Space Weather

)
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Structure of COST Action 724 http://cost724.obs.ujf-grenoble.fr
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Structure of COST Action 724 — Working Group 1

http://ca724wg1.ts.astro.it/
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The Star-Planet Environment

A Description
at the Highest Level of Abstraction

W,
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THE STELLAR ENVIRONMENT

« COMPLEX PHYSICAL SYSTEM composed of

« COUPLED PHYSICAL SYSTEMS as

Interstellar Wind (diluted magnetized plasma)
STAR magnetized plasma in organized state)

(
Stellar Wind (diluted magnetized plasma)
(

PLANET gaseous or condensed organized matter)

« at DIFFERENT PHYSICAL CONDITIONS defined by

— Temperature
Density
Gravity
Magnetic Field
Chemical Composition

Messerotti (2003, 2005)




SCHEME OF A STELLAR ENVIRONMENT

Stellarsphere

Messerotti (2003, 2005)




PERTURBATIONS IN THE STELLAR ENVIRONMENT

Messerotti (2003, 2005)




STELLAR SPACE METEOROLOGY

The Stellar Space Meteorology observes

» the physical state of the stellarsphere
 the perturbative phenomenology which affects it

on a

» short time scale > STELLAR SPACE WEATHER
* long time scale -» STELLAR SPACE CLIMATE

and tries to predict the potential perturbations on a

* short time scale > SSpW NOWCASTING
* |long time scale > SSpW FORECASTING

Messerotti (2003, 2005)




STELLAR SPACE METEOROLOGY DRIVERS
« STAR

- L, M,R, Te, cc
— Magneticity

— Variabllity

— Wind

« PLANETARY SYSTEM

— Orbital dynamics
— Population diversity

Messerotti (2003, 2005)




PLANETARY RESPONSE DRIVERS

Mass

Radius

Density

Orbital dynamics

Surface morphology

Atmosphere

Magnetosphere

Messerotti (2003, 2005)




The Solar-Terrestrial Environment

PHYSICAL CONDITIONS

* defined as SPACE WEATHER

» strongly affected by SOLAR ACTIVITY but

with 1t

Messerotti (1999, 2001)




COUPLING IN THE SUN-EARTH SYSTEM
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CHARACTER OF THE MAGNETIC FIELD
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SOLAR DRIVERS OF IPM & EARTH PERTURBATIONS
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INDICATIVE TIMING OF S-T PERTURBATIONS

JU3HdSOINO™HD

343HdSO10HdENS
343HdSO1OHd

VNOJO0D

Flare

Prominence

Coronal Hole

Messerotti (1999, 2001)

LU
14
11]
- -
5
INTERPLANETARY @)
MEDIUM i
<
O
<
=
X, UV > 8§ min
* 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



Space Weather Science & Service Scheme

OBSERVATION MODELING SERVICES
S 1PV Solar Phenomena,
- m Phenomena that Level 0

affect

Phenomenology IPM & Earth NOWCASTING

STATISTICAL
ANALYSIS Phenomena that Level 1

occur WARNINGS
in IPM & on Earth ALERTS

A

CORRELATIONS

PRECURSORS

Level 2

FORECASTING

. 1= )
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A Foundation Ontology
for
Space Meteorology

For a Structured Organization
of the Knowledge on the Subject

”_*_'-"'T” M. Messerotti  Int’l Advanced School on Space Weather, 2-19 May 2006, ICTP 19




A Semantic Model for Knowledge

Concepts
KNOWLEDGE > and Propositions
Relationships

Pattern of Descriptive
CONCEPT »  Regularities — Knowledge
in Objects Element

Logical Inferencing

RELATIONSHIP . Action Knowledge
Link Element

7= 3 .,-'-’
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IHMC' Concept Map Features

Represent a graphical scheme of knowledge in
organized form

Are interactively generated by means of a multi-
platform software tool

Are implementable as XHTML/XML documents

External resources can be associated to
concepts (e.g. scripts, hyperlinks, etc.)

Institute for Human and Machine Cognition, FL, USA

)
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IHMC Concept Map Development Tool

Cmaplools
knowledge modeling kit

Institute for Human and Machine Cogniticn http:/fcmap.ihmcus
A University Affilated Research Institute

t\': - e M. Messerotti Int! Advanced School on Space Weather, 2-19 May 2006, ICTP 23



Space 1*;Ie1:e-::-1‘c}1-::g,3r|

wiers A Sample Cmap

Chuter space |«— of — Phg,rsical state [—— of Ec-::span::e

N

on on on
/ v \A 2-D REPRESENTATION
Short timescale Iedm timescale Long tunescale OF
\ / \ / A SET OF CONCEPTS
defined as defined as defined as  defined as AND
\ / \ J THEIR INTERRELATIONSHIPS
SPACE WEATHEE SPACE CLINMATE
which describes the which describes the

Fhysical state of space Physical state of space %
on short to medium term on mednun to long term s
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Space 1*;Ie1:e-::-1‘c}1-::g,3r|

studies the

v
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| opace Meteorology |

studies the

v
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Most inclusive

an an an
>.
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% short tmescale Iednun tunescale Long timescale CO N C E PT
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What is a Foundation Ontology?

« ONTOLOGY describes knowledge and it
Is the formulation of a conceptual
schema about a domain constructed by:

— Defining the precise meaning of domain
entities (semantics)

— Identifying the relationships between entities
(associativity)

— Stating the rules between entitites/set of
entities (operativity)

INFN M. Messerotti  Int’l Advanced School on Space Weather, 2-19 May 2006, ICTP 27




Why do we need a Foundation Ontology?

* No clear definition of the terminology

* No clear definition of the physical domains

* Interrelationships defined only on a
fragmentary basis and limited to sub-

INFN M. Messerotti  Int’l Advanced School on Space Weather, 2-19 May 2006, ICTP 28




Definition of Space Meteorology

 SPACE METEOROLOGY |

studies the

'

Outer space |4 Df—[ Physical state ]— of —»|Ecospace

DN

oan on on

v N,

| Short timescale | |Med|um timescale| |Longtimescale

NN

defined as defined as defined as  defined as

N NS

( SPACEWEATHER | [ SPACE CLIMATE |

which describes the which describes the

v v

g I Physical state of space | |Physical state of space
M. Messerotti. 2005 on short to medium term | | on medium to long term
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Definition of Outer Space

GALACTIC NEIGHBORHOOD

Coupled
— with —| Physical
Systems

Region
of Space

LDCAL.NEIGHEDRHDDD

Cmaplools

knowledge modeling kit

M. Messerotti, 2005 INTERPLANETARY ENVIRONMENT
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Characterization of Outer Space

GALACTIC | | Physical
[ENWRDNMENTJ wih "'k

A

. Coupled .
OUTER | Region e LOCAL - Physical
SPACE | '? >t Space g?gféﬁnasl as the ——» [NEIGHBDRHDDD ] with ln-

nowledge modeling kit . th
pronted ENVIRONMENT |
M. Messerotti, 2005

Cma% INTERPLAMETARY > Fhysical Sk
features
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Characterization of Outer Space Constituents

Galaxy type

GALACTIC | Galactic population
ENVIRDNMENTJ (Stars, Gas, Dust)

Evolutionary history

MNearby population

(Diversity, Evolutionary stage,
LOCAL ]_ W Dust, Gas)

Coupled
— with —#| Physical
Systems

Feqgion
of Space

NEIGHBORHOOD

Evolutionary history

Central star(s)
(Evolutionary stage, Activity)

INTERPLANETARY |_
ENVIRONMENT

Flanetary population
(Dynamics, Debris)

CmapTools Evolutionary history

knowledge modeling kit

M. Messerotti, 2005
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The Galactic Neighborhood

: Fegion
. .Ga]ljac?c E —isthe —| of the
eighborhoo Galaxy

populated by

otellarspheres |—among which is the—| Hehosphere

e e

1le immersed inthe :
coupled by immersed in the sources of

— |

Interstellar Intestellar \ Cosmic

Winds Ilednum Pa

\AYS
ariginated by originated by

which \ ,,/”/
vehiculates otars
IMagnetic cmap%n

Fields M. Messerotti, 2005
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CmapTlools

knowledge modeling kit

M. Messerotti, 2005

Definition of Ecospace

Weak
statement

considers
A

is

Human
Activities

interested by

Fegion
of Space

i.e.

Coupled

Physical /
Systems \

interested by

Human
Observations
|
is

Y

Strong
statement

considers




Characterization of Time Scales

% [TYPICAL TIMESCALE ]
CmapT?ols ”,,’/ | \'\_\ )

nowledge modeling kit H H
15 15

M. Messerotti, 2005 / |

LONG MEDIUM

v v v
| Characteristic Time | Characteristic Time | Characteristic Time[»

Y Y v
[DTIT~1-0.2 rr=2uGyr)] [DTIT~1-0.14 {T=30yr]] [DT:T~1-1E-03 T=1 d}]
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Examples of Long Characteristic Times

% [TYPICAL TIMESCALE ]
Cmaplools ”,,/ | \‘\_\

knowledge modeling kit H H H
15 15 15

M. Messerotti, 2005 / |

| LONG MEDIUM

20 Gyrs BF | |Big Bang

12 Gyrs BP | | Galaxy formation

v v
5 Gyrs BP | [Sun & SS formation | | Characteristic Time [l | Characteristic Time D

[

4 Gyrs BP | |Habitable Earth |

3.6 Gyrs BP | |Life emergence

5 kyrs FP | |Nearby SN outburst

|5 GYrs FP | [ Sun evolution |

| | |

[DT1T~1-0.2 (T=20 Gyr}] [DT1T~1-0.14 rr=auyr)] [DTIT~1-1E-03 T=1 d)]

‘ ) ==Y 5=y )
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Examples of Medium Characteristic Times

% [TYPICAL TIMESCALE ]
Cmaplools ”,,/ | \‘\_\

knowledge modeling kit H H H
15 15 15

M. Messerotti, 2005 |

20 Gyrs BF | |Big Bang ¢

12 Gyrs BP | | Galaxy formation |Human lifetime |

hJ
5 Gyrs BP |Sun 8 SSformation | Solar magnetic cycle |Characteri5tic Time

: @
4 Gyrs BP | [Habitable Earth| Solar sunspot cycle

3.6 Gyrs BP | |Life emergence

5 kyrs FP | |Nearby SN outburst

|5 GYrs FP | [ Sun evolution |

| | |

[DT1T~1-0.2 (T=20 Gyr}] [DT1T~1-0.14 rr=auyr)] [DTIT~1-1E-03 T=1 d)]

‘ ) ==Y 5=y )
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Examples of Short Characteristic Times

is

20 Gyrs BP

Eig BEang

12 Gyrs BP

Galaxy formation

5 Gyrs BP

4 Gyrs BP

|Sun & SS formation |

( TYPICAL TIMESCALE |

15

Cmap@%

nowledge modeling kit

s M. Messerotti, 2005
SHORT

is

v

|Human lifetime |

Solar magnetic cycle

| Habitable Earth|

3.6 Gyrs BP

Life emergence

9 kyrs FP

Mearby SM outburst

|5 GYrs FP| | Sun evolution|

[

l

[DT1T~1-0.2 rr=2nt3yr}]

Solar sunspot cycle

slow solar particle propagation

CME propagation

[1 hr| [CME evolution |

slow solar particle acceleration

low energy em flare radiation

high energy em flare radiation

high and low energy em flare radiation

Y
[DT:T~1-0.14 rr=auyr:.]

[DTIT~1-1E-US rr=1d}]
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Characterization of the Physical State of Space

i

Kinetic Temperature
Density
determined by —» Ig;ﬁgg‘g —which have —l-[ Intrinsic Driver Elements associated with —»| Fressure
Chemical composition
Magnetic field

PHYSICAL
STATE | .. INNER | : : : Stellar activity
OF determined by —p» DRIVERS which have —h[lnner DrwerEIementSassnclatedwnh _P[Stellar evolution}
SPACE

Meutron star merging

determined by —» OUTER — which have —h[ Outer Quter Drivers Elements associated with — SuDemwae
DRIVERS Accretion processes

MNovae

Cmap@%

nowledge modeling kit

M. Messerotti, 2005
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Definition of Intrinsic Driver Elements

CONSTITUENTS (Multi-constituents) ’

Kinetic Temperature

MATTER STATE (Gas, plasma, condensed) Density
determined by — Ig;ﬁgg!g — which- [ith —»| Pressure
FHYSICAL COUPLING (Variation) Chemical composition

_ Magnetic field
FHYSICAL PROCESSES (Energy production) \

PHYSICAL
STATE | .. INNER | . : . Stellar activity
OF determined by —» DRIVERS which have —h[lnner DrwerEIementsassnclatedwnh +[8te|lar evolution}
SPACE

Meutron star merging
determined by —» OUTER — which have —l-[ Outer Outer Drivers Elements associated with —» Suiﬁ'em@‘*’ae
DRIVERS Accretion processes

MNovae
Cma;‘.@%

nowledge modeling kit

M. Messerotti, 2005
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Definition of Inner Driver Elements

PHYSICAL
STATE
OF
SPACE

Cma;‘.@%

CONSTITUENTS (Multi-constituents)

i

Kinetic Temperature

Density

sotorm INTRINSIC _ MATTER STATE ((Gas, plasma, condensed)
etermined by —» DRIVERS — which-
PHYSICAL COUPLING (Variation)

[ith —| Pressure
Chemical composition

FHYSICAL PROCESSES (Energy production)

Magnetic field

COMSTITUENTS (Variation, Motion)

INNER MATTER STATE (Variation)
— determined by —» DRIVERS —which have -
PHYSICAL COUPLING (Variation)

PHYSICAL PROCESSES (Variation)

e d with — :
1 [Stellar evolution

Stellar activity }

Meutron star merging

determined by —m OUTER — which have —l-[ Outer Quter Drivers Elements associated with —w Suiﬁ'em@‘*’ae
DRIVERS Accretion processes

nowledge modeling kit
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Definition of Outer Driver Elements

COMNSTITUENTS (Multi-constituents) SO
Kinetic Temperature
MATTER STATE (Gas, plasma, condensed) Density
determined by —» Iggﬁg?g — which- [ith —»| Pressure
PHYSICAL COUPLING (Variation) Chemical composition
_ Magnetic field
FPHYSICAL PROCESSES (Energy production) \
COMNSTITUENTS (Variation, Motion)
PHYSICAL —
MATTER STATE (Variation) -
ST;:E — determined by —» DlRNlﬁEES — which have - [ed with —h-[ ge”ar actl‘lﬂ?f }
PHYSICAL COUPLING (Variation) ellar evolution
SPACE
PHYSICAL PROCESSES (Variation)

PARTICLE INPUT (Cosmic Rays)
determined by —m OUTER — which have -
DRIVERS SHOCK INPUT (D n)

Cma;‘.@%

nowledge modeling kit

M. Messerotti, 2005
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RADIATION INPUT (Gamma, UV)

MASS INJECTION (Plasmoids)

[@iated with —

MNeutron star merging
Supernovae
Accretion processes
MNovae




Impacts of Space Conditions

% SPACE CLIMATE
Cmaplools

M. Messerotti, 2005 // \\

affects affects affects aﬁects affects
SOLAR ‘/I—MBITABLE LIFE LIFE LIFE
SYSTEM FLAMETIS) EMERGEMNCE EVOLUTION FPROPAGATION
FORMATION FORMATION OM PLANETS DN PLAMETS ELSEWHERE
affects affects aﬁects affects
Wother planet ground |4— on \ //
Mother planet atmosphere |4— in [SPACE WEATHER vig _F[Teclé;:t:glcal

. \ affects affects 4
Alien planet ground |€——on _

{HUM&N 8 ﬁNIMﬂL}}/ \[HUMAN 8 ANIMAL}

PHYSIOLOGY ACTIVITIES

Alien planet atmosphere |4—in ’”/

Interplanetary space |4——in via +[

cause

Effects

Environmental

Interstellar space |[4——in
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Technological and Environmental Effects

% [SPACE CLIMATE
Cmaplools

M. Messerotti, 2005 // \\

affects affects affects affects affects
SOLAR ‘/I—MBITABLE LIFE LIFE LIFE
SYSTEM FLAMET(S) EMERGEMNCE EVOLUTION PROPAGATION
FORMATION FORMATION OMPLAMNETS OMN PLAMNETS ELSEWHERE
affects affects affects affects

' "

Mother planet ground |«— on ——
| Communications |

Mother planet atmosphere |4 in [SPACE WEATHER] via P> cd

Alien planet ground |—— on \ ecis sy MNavigation
HUMAN & ANIMAL}}/ \A{HUM,&N & ﬁNIMFnL] . Y )

PHYSIOLOGY ACTIVITIES cause
Alien planet atmosphere |[4—in — )
7
Interplanetary space |[€—in via — I
Interstellar space [4———in
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[ SPACEWEATHER ]

is caused by

v

Solar Drivers

[ SOLAR DRIVERS j

are are

dare

/ e
associated
with

Ny 7

\

_—

[HADIATIOH OUTBURST ]

associated
with

associated
with

associated
with

in\\‘/in

[ACTI"JE REGIOM J

FROMIMEMCE COROMAL
ERLIPFTION STREAMERS
/ |

‘:‘:ja;\\ are
T T

RECURRENT SOLAR FAST SOLAR
WIND STREAMS WIND STREAMS
I I
associated associated
with with

CORONAL
HOLES
|

n n

v v
‘_._,.r"'

_\I -'_F._'_‘_'_‘_'_._,_,_.—'-"'
undergoing undergoing undergoing

[ SMALL SPATIAL SCALE J"“*—-_____ A _._._#__,_,__ﬂ_—-—h[ LARGE SPATIAL SCALE ]
ona —_—_— MAGNETIC ona
on g ——————— TOPOLOGY on a

[SHaHrHMESCALEjdr—F”’ —F[LDNGTWESCALE]
FLUID
MOTIONS |———1——_
triggered by GLOBAL SCALE
\ ﬁ______________-_* PLASMA AND KINEMATIC
PROCESSES

% .
Cmaplools / -*

knowledge modeling kit
SUBSURFACE SURFACE

M. Messerotti, 2005
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(Snlar standard Model ]

Review of

Available Models
for Solar Drivers

Interaction between the magnetic field
and the solar plasma

[Models of the Sun intenor (““d‘?h of the Sun atmosphere ]

\\
Al:tlve region formation and evolutlon
[Qmet atmosphere

Turbulencg (Coronal enpansmnj ‘& m

11 order mudels

(Chromuspherir_‘ and coronal heating]

(Chemir_‘al composition | /
/

[Wa\res formation ]

[ MNuclear reactions J Three-fluid S\I'StEI'II]

Sources of the

fast solar wind \
Sources of the
slow solar wind

Solar rotation

and dissipation

Magnetic helicity

(Mnnneﬁ: field exb’apulaﬁonsJ

IIl order models [Magnetic recunnectinn]

(F1u: tube emerqence]
Potentlal field
appmximation /
111 order Coronal Innp

[Linecr force-free field J w 111 nrder

[Non-linear force-free ]
dynamic
model

Hydrostatic
field approximation model
[Steadv—state siphon quwJ
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Hybrid Model for Solar Weather Prediction
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Key Issues

« A foundation (domain) ontology for Space Meteorology
and Solar Weather has been built by means of Concept
Maps in the framework of COST Action 724 — Working
Group 1

* A clear and analytical definition of the terminology and of
the physical domains is a fundamental guideline in
categorizing and interpreting the phenomenology

The identification of the interrelationships between
entitites is a fundamental guideline in modelling the
drivers

* An approach based on a balance between synthesis and
analysis is the most promising one for a deeper
understanding of the solar activity complexity and its
predictability
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Monitoring Scenario:

« SOLAR WEATHER MONITORS

— Radiation & particles
« Space-based detection (e.g. SOHO)
* Ground-based detection (many instruments)

— Monitored phenomenology
* Inner plasma
* Photospheric plasma
« Chromospheric plasma
« Coronal plasma
« Extended coronal plasma

= y‘l!” - o M. Messerotti Intl Advanced School on Space Weather, 2-19 May 2006, ICTP 50




Monitoring Scenario:

« SPACE-* and GROUND-BASED MONITORS

— INCOMPLETENESS in

 Phenomenology coverage

« Spatial coverage

* Temporal coverage

* Energy coverage
— MOSTLY NON-REAL-TIME OPERATIONS
— LIMITATIONS IN TELEMETRY™

— UNGUARANTEED MISSION*/OPERATION
CONTINUITY

— LIMITED MISSION*/OPERATION DURATION

— MISSION*/INSTRUMENTATION DESIGN DRIVEN
BY “ALCHEMIC POLITICAL” CONSTRAINTS
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Monitoring Scenario:

« POSSIBLE SOLUTIONS TO
MOST ISSUES:

COMMON TO SPACE- AND
GROUND-BASED MONITORS:

HUGE NUMBER OF DATA
SETS

LARGE NUMBER OF DATA
STANDARDS

LIMITED DATA
AVAILABILITY

NON-REAL-TIME
AVAILABILITY

LIMITED DATA
ACCESSIBILITY

NON-USER-FRIENDLY
SEARCH AND RETRIEVAL

DIFFICULT DATA
CALIBRATION

COMPLEX DATA ANALYSIS
LIMITED CROSS-DATA AN.

s " - I'N.-":w?
il ¢

NONE: WILL INCREASE TO
PBs

COORDINATION ON
COMMON STANDARDS

AGREEMENT ON DATA
POLICIES

DEVELOPMENT OF
VIRTUAL MONITORS

IMPROVEMENT IN WEB
ACCESSIBILITY

ADVANCED DATA
HANDLING

INCORPORATION OF S/W
LIBRARIES

DEVELOPMENT OF
VIRTUAL OBSERVATORIES
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Modelling Scenario

* NO SELF-CONSISTENT THEORY for:

R formation & evolution

_ARE triggering, acceleration, radiation
ROMINENCE fomation & eruption

— CME generation & propagation

— CME plasmoid structure and magnetic field
— SLOW SW generation, evolution & topology
— FAST SW generation, evolution & topology
— IP MAGNETIC FIELD topology

— INTERACTION with GMF

)
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Forecasting Scenario
» LIMITED RESULTS for:

— AR formation & evolution
« Expert Systems based on a posteriori modelling

— FLARE occurrence & class
 Statistical methods based on precursors & SOC
« Mainly nowcasting
— CME formation & evolution
 Statistical methods based on precursors
« Mainly nowcasting

« STATE-OF-THE-ART based on hybrid approach
involving Al TECHNIQUES

)
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SOLAR WEATHER VISIONS

Improved knowledge of

— Physics of solar activity processes

— Propagation & coupling

— Precursors, timings & occurrence frequencies

Comprehensive network of space- & ground-based real-

time observatories
Solar-Terrestrial Virtual Monitor I-Grid

Geospace models fully incorporate Solar Weather key
parameters

)
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The Dream Solar Weather Network

3-D solar in situ monitoring (6 RTT spacecrafts)
3-D IP in situ monitoring (3 RTT spacecrafts)
3-D Earth in situ monitoring (6 RTT spacecrafts)
Complete ground-based observing network
Real-time data storage & indexing

Real-time data availability & analysis

Real-time modelling & forecasting Messerotti & Lundstedt (2004)
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Glossary

Artificial Intelligence

Active Region

Coronal Mass Ejection
Cosmic Rays

Primary Cosmic Rays
Galactic Cosmic Rays
GeoMagnetic Field

High Performance Computing
High Speed

Intelligent Grid

InterPlanetary

PetaByte

Real-Time Telemetry

Solar Cosmic Rays
Self-Organized Criticality
Solar and Heliospheric Observatory
Solar Wind

SoftWare
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