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= Solar influence on climate

C. de Jager
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ISEUEERARders Moberg et al., 2005)
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BEsIC data tor the period 1619 =964

SI00) hed Greup Sunspot:Number (/eri ref. Hoyt & Sehatten) and
Sioppied Northenn Hemisphere Temperature [iref: Moberg|et alL]
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a5Ic dataior the period 1619 -1964

SINEBLIEENEIOUP SUNspotinumber (/e/t) and SeUrcEMURELION (= EJECLE

BIEBIEM OPEN! Solar flux) [IrefsINoyt 8. Schatten for GSN; Usoskin & Solanki
for S=fugietidg|
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INVENIIE aSPECLS OF SelalF Varialdl |ty
SVAGHIVE reglons around sunspots
2 COror El plasma ejections of various kinds

Porthese influence tropospheric temperatures
rJJ’JJ--V 1atiis the main driver of sun-induced
ate change?

Je solar dynamo
‘Forecasting solar activity
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SIC SOLAR DATA
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— |V|ty Centers and Ejection of
,___. ' solar plasma



€ regions

P0tS and ac

CIAJS

()
~




Stiieunding fiacular fields
NERERLEMpEratures are Igggted on. to
pleEsphere; emitvariable (UV
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=50l a1 flares and their effects

brCoronal Mass Ejections
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*5- I5rom|nences of various kinds (will not
’ been discussed here)
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ejection

ChSUNSPOL AUMDbEr




—_—

e Hay&%ﬁousd{iﬁﬂ!“ —

SEElNatitlae activity fellews or precedes (7)
JIJnJr)or ct|V|ty Py hall- ar Schwabe cycle

J G EVY/S ey Gap: spot activity maxima in the two
e pheres are not simultaneous; delays
S avere agde a year

- gy -
-_.i.-—FI" E '-.

ﬂ_-jE_n_ergetlc Emissions Delay: energetic emisission
— follow spot maximum by roughly 1 — 2 yr
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B Equator-ward and pole-ward drifit
SilispPeL aiea and hightatitude magnetlc fields
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Vaaienrntensity Green, CoropaiNiNEsss

[Cireen) Jrr 2: 530.3 nm; FeXIV; refi Makaroy et al. ]
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' Plasma ejection
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= [low- and high-latitude ejections
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IEhitlides off Active Regions compaiedWithpss
IBSEIOT Plasmal EJECHON| [ref: Hundhausen]

Active-region latitudes

1984 1986

CME latitudes
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WYORSOUICES for plasma eJECHON: s

ITEE guestions™

S OINEENtErSIOff ACtiVIty;" chiefly Corona Mass Ejections
Jabittae below 40 )

SAicerlatitudes: fromi coronal holes, polar faculae,
SphEmeral active regions.

eRe totality of all these ejections define the Source
SRUNRCHIoN'S' (Solanki; Usoskin et al.)
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= & @1: How is'S known?

— -

- 8 @Q2:Relation S — cosmogenic radionuclides deposit rate

-8 Q3: Relative contribution of low- and high-latitude
sources to S function




AWSIWENS torthree que.csit-kaﬁ'g.P _—

ISOLInCe function describes strength of
PPENNSElarfiux in Earth environment —
frleelt] lation of cosmic ray flux — change in
¢ Bposit of cosmogenic radionuclides (14C,
Be ) [refs: Solanki, Usoskin et al.; Beer et al.; Muscheler et al. ]

= 3 Hence source function is derived (Vvia
physical theory) from the rate of deposit
of cosmogenic radionuclides
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ZBRElgtion S=function — 10Be, deppsit'rate
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3. Jrrp- varlable'blasma tion.
frogrl [oWs rgpﬂ’wﬁgh Iat| de areas

o Ooéy] JJ/a fux durng . MAX  or MIN
(note; 5(5 gtrary units)

== L E e»‘v atltudes 2.75 0.55
Ellgh latitudes: 0.48 2.38




sibiigh- and low-latitude plasmar
HUXES -— =

AN
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AVETAGE ratio between: S-fluxes from low.

[eitfiL) d 35 and hlgh latitudes = 1 2 = average over
3 cycles,* 1967.5 — 1998.5; refs. Wang, Kane, re. Wang & Sheeley, 2002;
fralsor Shrivastava, 2003: ~ 1.0)

; af\}e e: low latitude ejections (CME’s) are
._, riom Activity Centers and hence correlate
~ strongly with Sunspot numbers. High

~ |atitude ejections are not.



}@ 'DOES THE SUN
FLUENCE CLIMATE
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= rradlance variations or cosmic ray
~ modulation by plasma clouds?



IPESOIal Irradiance varations

o Lasg tplelal0)si
VaebeRIAURRG cycle
UppEifiiame)
SeIEIated with
gVENade fiagnetic field
= (middle)

= —

&9 and! sunspot numbers

———

= (lower frame)

® Sunspot number Ris
proxy. for irradiance
Variation

e Gnevyshev Gap (two
maxima)

Total Solar irradiance
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PliEInrof Iradiance varations

0, 05

IR
. specirel irradiance
Hib S

SN ElatioRs Iargestin
Ntravielet spectrum, less
IgNiliered; little or none
I) VISIBIE [ref LLean, 2000]
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chromospheric levels of 3/ A f\/\f\z\w\f‘
' ' ; . \’\/
Active Regions i A -
® Sources: scattered P Ty SR T

magnetic fields ( ~ 50 —
200 Gauss) in Active
Region area
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SelarUV_emissions are absorbed ing.
ierrestrial sﬁtﬁ@here

o Do no'r ach troposphere
> rlerw' : |n order to affect tropospheric

S[PRYySI 5 some kind of stratosphere —
=" *troposphere coupling is needed

_#—
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iiie other aspect of ¢ sowaﬂﬂiiyj.—

).
), oy atltude ej@aons

PReIINACHVE Regions: coronal mass ejections
N6lVIE=mass is 1012 to 1073 kg
SRSPEEC ‘t Earth distance 200 to 2500 kmy/sec

E=EVc netlc fields from CME's carried along into
-; sliosphere contribute for ~ 54% to ‘Open solar

== 'ﬂux (interplanetary magnetic field at Earth
distance)
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gighilatitude com peﬂ@ﬁtﬂﬁeﬁ?'

SESEIIAWING, mainiy highriatittide coronal holes; varies
diigreycles prominent duringl minimum
OIEREECtion: fiom high latitude (ephemeral) active
EGIONS) polarfaculae, structures associated with polar
PIOIMINENCE Zone
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= All abrupt ejections (low- and high-latitude) cause:

e Co- -rotating Interaction Regions = interplanetary shocks
at collision of solar plasma ejections with earlier emitted
slower wind



Coronal source flux, F, (10" Wb)

——— modelled from (o, + 05)12

derived from aa
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- Qr S "'SOIar ﬂUX agaln. [Smioethed data frome
SelekpUseskin et al. ]
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MEEliation oFf COSMIC ray: fuxasy.
IicERELIC sSnIElding N REIIOSPREre

Cosmic Rays™
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oud coverage variation™

p;'{l.jié]? 0 COSMIC ray. T IUX " [iref Svesnsmarkeris-Christenseni
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Cosgnl ‘ay-rﬂ@udsw —

Inc-'- solar'activity: yields:

e J_ open; solar flux; hence

er cosmic ray deflection; causing

== Ecrease of cosmic ray flux; causing
-;*_O;Reduced cloud formation; hence

-® [ncreased solar irradiance on Earth and
® [emperature increase




3 -esmogemc radionuclides inform us on past
,- solar plasma ejection activity

» Ice cores and sediments offer way to study
past history of solar Source Function



NENGE: U OSSIb|e ‘mechani

for Stk cI -ﬂterac o
SN eniaton off UV radiance, durlng the solar
cycle a\ weII as secular changes

SNVariation of cosmic ray flux, due to
Vel a.ble source function ( plasma ejection)
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*-‘ Which of these, or both??



ENEERCE NHMEemperaturesseniGioup
RspPoE NUmber (GSN)_




Source function
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iR paritial c correlatlon COEffiC) '
BN F-S-depende‘-!!'-'I&.for Vario

'EE‘J'J'JI)*‘J’ J,- S :)e,.:) [¢] cBaUseskinpsubmittedii

E Jone et gl _' ,9_8) 55 .47 .15

o Mg giEll (‘_l"‘ .52 .50 .20
SRBTiieretial. (2000) /6 48 .06
)-8 rowle\p owery 2000[0)) 77 .43 -.01
SEVIannre bnes (2003) 72 .54 .15
_J M OPErg et all (2005) 77 43 .07
f.Average .67 45 .09

—
e =
_ —

- ® (Conclusions: stronger correlation of T with R; partial correlation T-S
(=keeping R-correlation fixed) small. T-S correlation is not zero
Eecause)of the significant S-R correlation (due to CME’s from Active

egions
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SSinErelated NH temperature

yelhiations are coupled to

EVariations in Active Region

= (UV) radiance rather than to
~ those in open solar flux
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The engine of solar activity

"-J"-SOLAR DYNAMO
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IETSUN'S internal rotation

SNEESIVItRNEERbRNERENALILUEES
Weeoseat /R, = 0.69; stiong shearing
HELIGRS N OVershoot layer off convection zone
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JECHBEline: seat of dyname&&?ec-t""

JEEKING MOWONS INfexisting magnetic fields
hiEraterpoloidal magnetic fields

Sfferentiall rotation cause toroidal components
DY S nretchlng and amplifying fields

— ]

SSEEGUipartition field strength 10 Gauss

_ *'0 =Urther amplification till 10> Gauss cause kink
— mstablllty of the fluxes, leading to flux tube
detachment and buoyancy

® Rjse time Is few months; sunspots at surface
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MEWRELc field oscillates with period
"P—q/(m H2),
wnerﬁ“ storage thickness of field.

\1[ ,:11 (turbulent magnetic diffusivity) =
— *,H)Tl cm? s and H (thickness tachocline)
= .04R, we find P ~ 4 yr




F-...;;' S
AeVENongitudes J-""‘

Ipveractive longitlides, 180" apart meugebauer
ei 2, 2000 _LIZmaikin et al. Usoskin et al., de Toma et al.,Caligari et al.
Arasoiil eial. |

S\ BRFaxisi symmetric modes in field, to be
— Shiepresented by two dipoles
T-Slmple representation: wavelength of

periodic oscillation of tachocline is half of
solar circumference
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Gl iermplification and emergence”

e N e

—

o Torojcz) stretcing amplifi_e-s field

J "plificatio Y factor ~100' in ~ one year [Lilo et al.
Z05]
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Magnetic Energy
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MEINKCOnClusion, —

RIUIE SCAlES OIf SEAWaDE; CYClE Or above:
g = J: itlde; field is not correlated with
iereIeal (low-latitude) field

J _3“* example Maunder Minimum

e

= o
.:ri-' =
:-—I""
1-_

5_

Iihis conclusion has inferences for the
engm of high-latitude phenomena

-8 Note also the quasi-chaotic jumps (é.g.
1704, 1922)
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SNeaker fields are lifted but do not reach surface

SNEXDIOAE” In convection zone; are deformed by
sycleniciconvection, withi simultaneous
EXpansion and rotation — the a effect

“"-—-—

3 -=‘€V_£ en arriving at the surface these fields are
— ..,chleﬂy poloidal

i

e They ascend primarily parallel to solar axis
® Hence appear in higher latitudes
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SHENESIS! and phase catastfopne™™

sl

SIVANSIBINeI =X (toreidal field)against aa-min (poleidal)
SEVWSHySteresis. Another feature: phase catastrophy
QIOZ=22'5). [Duhau; Duhau & Chen]
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_"asting solar activity
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== *-'Is it possible to forecast the
== ‘f “behavior of this chaotic system?



JEsi-periodicities .
.
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i ANt (e I=)PERIBES I slar

' CAWEIDE)S Viis (IFaleé);
(qua5| -piennial, Basilevskaya); 88
|ssberg) 205 yrs (De Vries or
225001 yrs (Hallstatt).

a5| periods are variable and none of
iem is constant in time. Gleissberg period
has even two maxima, interchanging in

~ importance during past centuries

® Phase catastrophes have occurred at least
twice: ~ 1788 and ~ 1922
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[SHiorecasting pcssibje?i“ -

ReliGNIELWEEN| Strengtns off poleidal’ and
torolczliflefels dppear to vary with time;
getcorielated’in intervals = Schwabe

Cycle , Best example: Maunder Minimum.

91 50/ar dynamo: non-linear system, a quasi
fperlodlc engine with the properties of
~ deterministic chaos.

e [ts future is unpredictable

-
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SUMMARY.OF TALKss

SNV G as DEC IS O Variabpility: plasma ejection andl UV
relellziple s

> Nrlienlee atuire; correlated with variation in UV radiance
icsiial -]ectlon from low- and high-latitude areas

J J\/ amo: seated in tachocline. Main aspect: the toroidal
alds. Byproduct: poloidal magnetic fields.

-T0r0|dal fields generate activity centers; poloidal fields in
_ high latitude magnetic areas

e Dynamo is chaotic and unpredictable system



