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Phenomenon® and direction

Likelihood that trend
occurred in late 20th

Likelihood of a human
contribution to observed

Likelihood of future
trends based on
projections for 21st

of trend century (typically post trend ® century using SRES

1960) scenarios

Warmer and fewer cold days

and nights over most land Very likely © Likely*® Virtually certain ®

areas

Warmer and more frequent

hot days and nights over Very .fi'ke.fyd Likely {nights) ® Virtually certain ®

most land areas

Warm spells / heat waves.

Frequency increases over Likely More likely than not f Very likely

most land areas

Heavy precipitation events.

Frequency (or proportion of : : f :

total rainfall from heavy falls) Likely e T

increases over most areas

Area affected by droughts Likely in many regions More likelv than not Likely

increases since 1970s Y

Intense tropical cyclone Likely in some regions More likely than not® Likely

activity increases since 1970

Increased incidence of )

extreme high sea level Likely More likely than not™ " Likely'

(excludes tsunamis) @

g



Anthropogenic

Matural

e
« T WA

“ Fug |
v

e

T,

‘l

Nﬂ

Total nat
anthropogenic

1.6 [0L6 to 2.4]

8

0 1 2
iative Forcing (W m=)

RF Terms RF values (W m*) |Spatial scale||
P v
| 1.86 [1.49 to 1.83] Glob H:Lh
Long-lived ~J.
greenhouse gases |
Global High
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Continental
Qzone o global Mad
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Definition of Space Meteorology

 SPACE METEOROLOGY |

studies the

!

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

AN

on on on

. N\,

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

NN

defined as defined as defined as  defined as

N/ AW

 SPACEWEATHER | [ SPACE CLIMATE |

@ which describes the which describes the
CmapTlools : e

o on et Physical state of space | |Physical state of space
M. Messerotti. 2005 on short to medium term | |on medium to long term

o t‘s (NN M. Messerotti  Int’l Advanced School on Space Weather, 2-19 May 2006, ICTP 8



Definition of Outer Space

Region
of Space

CmapTlools

knowledge modeling kit

M. Messerotti, 2005
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The Galactic Neighborhood

: Fegion
.Galacnc —isthe —| of the
MNeighborhood Galaxy

populated by

otellarspheres | among which is the—| Hehosphere

e S

coupled by immersed in the

sources of
‘-"""r;.' |
Interstellar Intestellar K Closmic
Winds Ivlednum Eays
originated by ariginated by
which \ ,,"”//
vehiculates otars
IMagnetic Cma%mm
Fields M. Messerotti, 2005

N W M. Messerotti  Int! Advanced School on Space Weather, 2-19 May 2006, ICTP 10



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

PHYSICAL
STATE | . INNER | : : . Stellar activity
OF determined by —Jm DRIVERS which have —h[lnner DrwerElementsassnclatedwnh _P[Stellar evolution]
SPACE

Meutron star merging

determined by —p» OUTER — which have —I-[ Quter Outer Drivers Elements associated with —» SUpemwae
DRIVERS Accretion processes

Movae
Cmap@%

knowledge modeling kit

M. Messerotti, 2005

t{s (NN M. Messerotti  Int’l Advanced School on Space Weather, 2-19 May 2006, ICTP 11



SCHEME OF A STELLAR ENVIRONMENT

Stellarsphere

VIl Conference on Chemical Evolution and the Origin of Life, 15-19.09.2003, Trieste M. Messerotti, INAF-OATs & UNI-TS

Messerotti (2003, 2005)




PERTURBATIONS IN THE STELLAR ENVIRONMENT

Messerotti (2003, 2005)
VIl Conference on Chemical Evolution and the Origin of Life, 15-19.09.2003, Trieste M. Messerotti, INAF-OATs & UNI-TS




STELLAR SPACE METEOROLOGY DRIVERS
« STAR

— L, M, R, Te, cc

— Magneticity

— Variability IRRADIANCE & ENERGETIC PARTICLE VARIATION
— Wind PARTICLE FLUX VARIATION

« PLANETARY SYSTEM

— Orbital dynamics FLUX CAPTURE AREA VARIATION
— Population diversity

Messerotti (2003, 2005)
VII Conference on Chemical Evolution and the Origin of Life, 15-19.09.2003, Trieste M. Messerotti, INAF-OATs & UNI-TS




PLANETARY RESPONSE DRIVERS

Mass

Radius

Density

Surface morphology FLUX REFLECTIVITY

Atmosphere ENERGY STORAGE

Magnetosphere PARTICLE SHIELDING & ENERGY STORAGE

 Orbital Dynamics FLUX CAPTURE AREA LONG-TERM VARIATION

Messerotti (2003, 2005)
VIl Conference on Chemical Evolution and the Origin of Life, 15-19.09.2003, Trieste M. Messerotti, INAF-OATs & UNI-TS







Il Ciclo di Attivita Solare

Cycle 23 Sunspot Number Prediction (April 2001)
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SOHO Project Scientist Team

M. Messerotti - OATs



Che cos’e il Vento Solare?

d Un flusso costante di particelle fluisce dalla corona solare, con una temperatura
di circa 1 milione di gradi e con una velocita di circa 450 km/s. Il Vento Solare si
estende oltre I'orbita di Plutone (circa 5900 milioni di chilometri). Il disegno
mostra come esso eserciti una pressione sulla magnetosfera della Terra e ne
determini cosi la for
(linea punteggiata).

(S
\\\\K&k\i: esa Il Sole visto da SOHO SOHO Project Scientist Team
\\\‘i L =1 == R IR RR R o ] +] M. Messerotti - OATs



Cicli Solari e Variazioni Climatiche

WINTER SEVERITY IN
LONDON AND PARIS

AC14

& naked eye sunspot sightings UNSPOT NUMBER

© AC1Y4 from tree ring analysis

LITTLE ICE AGE 40
il \__ warm % AC4 (%)
] a / cold 20
150 w’*—""_'h-"" : — — 10
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S0 1100 1150 1200 1250 1300 1350 1400

YEAR Temperature Carbon Length of
dioxide sunspot cycle
e - — - - = (parts per million) (years)
GRAND SPORER MAUNDER
MAXIMUM MINIMUM MINIMUM @y
e 11 anni: Ciclo delle macchie (Schwabe) K&

e 22 anni: Ciclo Magnetico (Hale)
e 80-90 anni: Gleissberg
¢ 180-210 anni: Seuss
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Il Sole ed il Riscaldamento Globale

O Variazione a lungo termine della radianza totale (“energia totale”)
> Si assume che giustifichi solo in parte il riscaldamento globale
O Variazione a lungo termine della radiazione UV/EUV:
» Cambiamenti della chimica (ozono), temperatura ecc. nell’'atmosfera
terrestre. Potrebbe determinare variazioni climatiche.
O Variazione a lungo termine del campo magnetico del Sole
> Modula i Raggi Cosmici ed il Vento Solare
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Misure della Radianza Solare
Il Sole come Stella

Total Solar Irradiance Data (referred to SARR via ACRIM-IL) O VIRGO — Radianza solare
Days [Epoch Jan 0, 1980) totale
8] 2000 000 SO00 .
1 T T T T 773 [ CDS: Radianza spettrale EUV a
1360 - ) 3 307-380 A e 515-632 A e 69
- b e 2 —_n . ; = immagini del disco solare
= Y 3 Y = = riprese ogni mese
13635_ 4 O SEM (CELIAS): Flusso EUV
- = integrato sul disco da 1-500A e
— = m2en SAn R /U~ TT Pna RN
5 1387 gx10'0
B =
POE
E 1366 6x10'C
1365 ax1010 .
1364+ 3 2x10'0
= | ]
13463 - ] ] ] ] ] ] ] ] ] ] ] | ] ] ] ] ] ] ] ] ] ] ] a 1 1 1 1 1
197819791930 128 1 1932 1983 198419385 19361987 1988 19391990 1901 1992 1993 190 1905 190G 1997 19408 19992000 a6 g7 g8 gg 00 01
| Yeat Start Time {01-Jan—96 00:00:00)
(e .
&iﬁ es a Il Sole visto da SOHO SOHO Project Scientist Team
&\\‘— moIETAEIIETEEE R M. Messerotti - OATs



Variazioni del Flusso Magnetico Solare

O Il flusso magnetico solare & aumentato di un fattore 7 | | | | |
pari a 2,3 dal 1901 satellite ml;-.a:?.urE:mEnt_w'.‘\‘h.:L
=) 6 — a) derived from <aa> indax | || |
Z ~ h
QO Le variazioni a lungo termine della radianza solare = 7 4 If\ i
totale possono da sole spiegare: | - r ATV I
» L’aumento di temperatura del 52% fra il 1910 ed il '{é '
1960 g 5| ' B
» L’aumento del 31% dal 1970 5
a2
o

Sunspot number
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1880 1900 1920 1940 1960 1980

Year
s, _
§ e S a Il Sole visto da SOHO SOHO Project Scientist Team
= EopETEINIIIESmEEED M. Messerotti - OATs



| Raggi Cosmici e le Nuvole

O Variazioni dell’attivita solare e del campo magnetico solare modificano la
quantita di particelle cosmiche, che penetrano nel Sistema Solare (e

nell’atmosfera della Terra).

Cosmic Rays
— s
Solar Wind Termination Shock
5 .
Interstellar g " .f'll ! Helltl)pause
Wind /

=
]
=]
=
w
=z
o
-]

> E' stata trovata una forte correlazione fra il flusso di
raggi cosmici e le nuvole basse

> La copertura nuvolosa globale & un importante fattore
per la determinazione del clima
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Atmospheric water cycle

Feedback f

climate, inclt

Carbon cycle ( CO; )




