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Is there Proof for Global Warming?

Positive proof of global warming.
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More illustrations of global change

Muir and Riggs Glaciers




Extreme weather events
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Is the Recent Temperature Rise
Extraordinary?

Various temperature reconstructions suggest that the Earth is
hotter now than in the last 2000 years

Low=freq component with uncertainty
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The Life Story of Greenland Ice




~Today

We live In a (rare) Interglacial period. Transitions are
cdrarnatic end aorugt.

Flurmnean clvilization develoged during ine preserii
Interglacial, ine Holocene



— loday

We live In a (rare) Interglacial period. Transitons are
cdrarnatic anc aprugt.

Milanxowicn Trnieory: Chnanges In zarin’s orolial

pararmeters cause jce-age cycles, Abrupt transitions?



Influence of
Changes In
Excentricity of
Earth’s Orbit
on Earth’s
global
Temperature
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Expect 1.5-2° warming by 2050




Warming Is uneven over the globe



Is everything understood?



Of course, this Is just a simplistic
way of looking at the problem...
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Every second the Sun

turns a billion tons of
hydrogen into helium

15M °C

6000 °C



Never look into the Sun with
unprotected eyes! Never ever
with a Telescope that doesn 't
have a filter!
Fecorded oy
trie MD|
Instrurmnerii
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The Violent
Sun



The dynarics and activity
of the Sun are driven oy
its Magnetic Field
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Vagneto-
(rarnmes
over & Solar
rotetior

MDI/SOHO



Sirmulations oy A, Vogler (oringing tnhe sunsnine to cornpuiers)

Brightness Magnetic field



sSunrise

ﬂ)

Balloon porne opservatory witn a L-rrieter telescope alming o
opserve magnetoconvecior with a resolution of 35 krmn on ine

sSun. First science flignt planned for 2009



Solar Orbiter Firsts:

r

Ooserve Surn frorm close
Up: 5 closer than Earth

Provide the first imzages o
tne Sun's polar regions

Co-rotate witn Surn:

disentangle spatial &

ternporal variaton
Technical hurdles:

rleat lozid (25 4 nigher)

Flign flu of solar energetic

pariicles
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Tre mrlgme Ic flel
formed In tne sSu
Interior. Osclllations
(Sun-guares) allow us
to glirnpse Inside
(Flelio-selsmology)



Actlvity Cycle of the Sun
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X-Rays racliat

arnount over tne
solar cycle: by a
factor of 2 In the
EUV, by a factor
of 100 in A-rays.

Meudrnurn Meudrnurn



AcCtlvity

Magnetic Flux

Meudrnurn

Cycle of ine

Minirnurn

Meudrnurn

SLUT

The magneiic
flux of the Sun
also varies over
the _I /erl_r

otner indicators
of solar aciivity
also fluctuate,



urn evolves and
rmrlrues he Earth i) 'funder nental ways

- =
5
=
v
~ O
Q
5
-
)
-
—/
\
(D
h )
.ﬁ
U )
("
(—

Minutes to days: solar storms (flares and CMES)
produce siorms In Earin’s magnetosonere ard
Loper elirnosonere (spaue Weszlirer)
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Years to centuries: Could cnanges in solar
origniness (irradiance) influence glopal clirmnaie?
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Trne Sun
will pecorrne
prignier &
plgger &
will start to
swelllow 15
crillclrer),
finally
rezicring
today’s
=AU Orolt

Red Giant




Wil the Earth really get away
unharmed?



Red Giant

Sackmann et al. 1997






Sun’s Influence on a Time Scale of
Years ...

National Enquirer 2006
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ZUr Beopacriung und zurr
Experirmeant. Galileos Aufzeicnnungen



H. Avercamp

Coldest decade in England since

the Little Ice Age; 1813/1814 —
last Christmas Fair on the Thames

Dalton



Production of isotopes,
such as 14C (used for
radiocarbon dating)

Flux of cosmic rays is changed by
solar activity




MNurnoer of

Sl Jms pots over last

11400 yeers
reconsiructed frofm
“Cniree rings
Sun s very active
today cornpered to

lzist 1 IOOO years

a—



[

(D

nland lIc



——l

(1-Sz-Wd swole) ares uononpoud Dy

N - = S
o o o < ﬂ_u
(Q\]
I _ _ _ —
— —
—— —
e
[ g — O
—— ) 1
[ ey
— —
) ——., o
%
>~ M 1 o
o
m 1~
—i
-1 O
_— _— 5
<
- M
—
M |
=
e
| | | | ] 1 ] o

T

KyrBP .

Figure: M. Lockwood



0
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Length of Solar Cycle (yrs)

cle Length & Glopal

-—-

t
?

(D,) Afewouy asmesadwa |

Published in Science 1991



Industry

Construction

(from the archive
of the Swiss
National Bank )

Sunspots
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Pains oy Wnich Sun rmay Affect

Clirnate

Varlations of total irradiance: change in total energy
Inout to zartn’s airmospriers

Variatlons of UV Irradiance: influence on
atrnosopneric cnermnisiry (e.g. stratosoneric ozone
oroducition ancd cepletion)

Mocdlulation of cosmic rays: nas oeen proposed o
affect cloud cover
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Outgoing solar radiation 4

Earth's Surface

46% absorbed by
Earthis surface

Earth










1%

C. Frohlich, PMOD



Solar brightness

0
-
-
O

O
O
%






Date (mm/yy)

1368 =
S 1367 =
= S
— 3665 -
S VR
g H3e5=
B E
© =
E fisea =
1363; 1 1 1 Id 1 1 b 1 1 1 1 1 1
01/76 01/78 01/80 01/82 01/84 01/86 01/88 01/90 01/92 01/94 01/96 01/98 01/00 01,02
Date (mm/yy)
1366.5 ‘ ‘ ‘ ]
E H3e7E N 1366.0 [ /\ E
> 5 [J o /ﬁ \%\J\/ :
= AV Fa N
8 1366 — 1365.5: .
= E r
= E 1365.0 F
T 1365 E s \
2 1364.5 .
1364 - ‘ ‘ ‘ ‘ ‘ E E ‘ ‘ ‘
01/80 02/80 03/80 04/80 05/80 06/80 07/80 07,/93 08/93 09/93 10/93 11,93
Date (mm/yy) Date (mm/yy)

1366.0 - ‘ ‘ g 5
E 1865.8m f 1367 ¢ (X
~ | 04 B

. " | f = ;
= 136567 /\\/\/\\/J \\-\ \M{\/ 1366 £\ &, .
g 13654 J Y 4 g E
5 1865.2F \/ = 1365 £ E
B B E E
T 1365.0- = E E
s B 1364 £ =
1364.8 = E E
02/85 03/85 04/85 05/85 06/85 07/85 08/85 07,/00 08,/00 09,/00 10/00 11,/00

Date (mm/yy)

21551 morlom
[nei
origniness
changes are
caused oy

Obs.: by
Various
Instrurnenis












... and we are dangerously close to

letting it get out of control



Thank you for your attention!















Jrmora Penumbra Granule
!

Urnora: ’
Termp =4000°

Penumbra:
Temp = 5200°

Granules:

Temp = 5500°












