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Is there Proof for Global Warming?

Positive proof of global warming.
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More Iillustrations 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
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Larger Temperature Fluctuations were
Common Prior to the Holocene

We live in a (rare) Interglacial period. Transitions are
dramatic and abrupt.

Human civilization developed during the present
Interglacial, the Holocene




lce Ages and Interglacials
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We live in a (rare) Interglacial period. Transitions are
dramatic and abrupt.

Milankowich Theory: Changes in Earth’s erbital
parameters cause ice-age cycles. Abrupt transitions?




Influence of
Changes In
Excentricity of
Earth’s Orbit
on Earth’s

global
Temperature
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IPCC Predictions until 2100

Scenarios for emission Predicted temperature
of Greenhouse Gases over next 100 years
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Warming Is uneven over the globe

2020 - 2029 2090 - 2099




Is everything understood?

THE CLIMATE SYSTEM
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L; Of course, this Is just a simplistic
. way of looking at the problem...
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Could the Sun be to blame?

The Sun delivers
1.36 kW / m2. We
get=1 kW / m?
(at noon, If no
clouds)

In 20-30 min the

Sun provides to P

Earth the yearly -

energy needs of (Our

Humanity atmosphere would cool te
below -200° C within weeks)




The Sun, a Star in the Prime of Life

ol
6000 °C

Every second the Sun
turns a billion tons of

hydrogen into helium
l




The
Sun In
White

Never look into the Sun with

Lig ht unprotected eyes! Never ever

with a Telescope that doesn 't
have a filter!
Recorded by P
the MDI
Instrument
on the
Spacecraft
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The Violent
Sun

\

Flare

Solar wind
and coronal
mass ejections

2000/05/05 00:42 -




The dynamics and activity
of the Sun are driven by
its Magnetic Field

magnetische

magnetischer

peografischer
Siidpol

Rotationsachse der Erde

oeografischer
Nordpol

magnetischer
Nordpol

magnetische §

Feldlinien




volution
of the
un's

Magnetic
Field

Sequence of
Magneto-
grammes

over a Solar

rotation

MDI/SOHO




The Magnetic Field’s Secret Dance

Simulations by A. Vogler (bringing the sunshine to computers)
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High Altitude Observatory

A mission aimed at
resolving the structure and
dynamics of the Sun’s
magnetic field

Balloon borne observatory with a 1-meter telescope aiming to
observe magnetoconvection with a resolution ofi 35 km onl the
Sun. First science flight planned for 2009




Solar Orbiter

A high-resolution mission to the Sun and
iInner Heliosphere (launch 2015)

m Observe Sun from close
up: 5x closer than Earth

m Provide the first images of
the Sun’s polar regions

m Co-rotate with Sun:
disentangle spatial &
temporal varation

m Heat load (25 x higher)

m High flux of selar energetic
particles




The

Sun’s
magnetic RS
field: [EEER: & =S8
more .
than just §=%

skin B3
deep 8

The magnetic field is formed In the Sun’s interior by a
dynamo process & emerges to the surface in the form
of loop-like structures.




The magnetic §
fleld: more
than just skin
deep

-
The magnetic field Is
formed In the Sun’s
Interior. Oscillations
(Sun-gquakes) allew: us
to glimpse inside
(Helio-seismoloegy)




Activity Cycle of the Sun

Maximum

Minimum

Maximum

Energetic
radiation from
the Sun varies
by a large
amount ever the
solar cycle: by a
factor of 2 in the
EUV, by a factor
off 100N X-rays.




Activity Cycle of the Sun

Magnetic Flux

Maximum

Minimum

Maximum

The magnetic
flux of the Sun
also varies over
the 11-year
solar cycle.

At the same
time the number
off sunspots and
other Indicators
Off selar activity.
also fluctuate.




Does the Sun Influence Our
Atmosphere?

but details depend on the time scale

m Millions to billions of years: Sun evolves and
changes the Earth in fundamental ways

m Minutes to days: solar sterms (flares and CMES)
produce storms in Earth’s magnetesphere and
upper atmosphere (space weather)

m Years to centuries: Could changes in solar
brightness (irradiance) influence global climate?




Will the Sun Swallow the Earth?

The Sun

will become
brighter &
bigger &

will start to
swallow its
children,
finally
reaching
today's o

e : 1 1 1 1 1 | 1 1 | l 1t 11 | 11 1 L1t 1 | :
Earth orbit 12.2  12.3  12.3650 12.3655
time (Gyr)

Giant




W|II the Earth really get away

un harmed’? -




Evolution of Sun’s Brightness

Sackmann et al. 1997




The Sun as the Driver
of Space Weather

2000/05/05 00:42 -




Sun’s Influence on a Time Scale of
Years

Scientist’s shocking preg

. . . and we’ll be turned into human ice cubes!

By THOMAS GREENE
Sclentists used {o say that our sun would pro-
vide heat and-light for billlons of years hut new
evidence Indicates that old Sol is running out of

Looking for love?

It's easy lo make someone
fall in love with you — just
look Into their eyes!

That's the word from Clark
Universily professor James
Laird, who found In a study

that people who make eye con-

tact literally begin to fall In
love,

“Mulual eye-lo-eye conlact
did indeed increase feelings of
altraction and excilement,” the
experl from Massachuselts said.

fuel — and will he stone
cold within two years!

“I don't want to sound like
an alarmist, but the sad fact ls.
we're dead ‘am i

=

—

“When the sun does hurn
ou’ everylthing on our planet
will Cie. Earth will be nothing
more L. an a dirty chunk of ice
floating *n the darkness of
space.”

Dr. Rieder’s thory is based
on a complex conpuler model

that estimates the rale at
which the sun is consuming
fuel and predicts when the last
of It will be spent.

In the past such models indi-
cated that the sun would burn
for billions of years. But Dr.
Rieder's model used several
new mathematical formulas

Wacky book marks

Everylhing from: hacon
vind to money has heen uséd
as hook markers in hooks re-
{urned (o the publle Ilhrnry-
In Gwynedd, Wales, Readers
also - marked - thelr ;'pages

with hanana sklm nml nn
old sock. 3

and factors that indicate it wi |
burn out in dramatically less
{ime — no later than Decem-
ber 1992,

Not all experls agree wilh
Dr. Rieder. Dr. Franz Ehlen,

the German astronomer, actu- -

ally called the expert's predic-
tions “insane.”

Dr. Rieder countered: “I'm
staking my reputalion and ca-
reer on these statements and
am conflident that what I am
saying is lrue,

“If the world is going to end
in 1992 — and it is — then all
mankind should be warned.
Some people might want to eat,
drink and be merry. Others
may want to get right with
God.ll

Beaned on ¢

Pretly teen Tyler
met a gruesome deat
she stuck her head out
dow of a moving scl
and hit it on a telephe
The 13-year-old Yonke
seventh-grader died
after the accident o
head trauma.

National Enquirer 2006




Sunspots: an an early scientific
movie

Galileo Galilel und
Christoph Scheiner (aus
Ingolstadt) beobachteten
Sonnenflecken schon im
Jahre 1610 mit dem damals
neu erfundenen Teleskop.

Ein Ausl6ser der gréssten
Umwalzung in der
Geschichte der
Naturwissenschaften: weg
vom platonischen Ideal, hin

zur Beobachtung und zum
Experiment. Galileos Aufzeichnungen




I\/Iaunder I\/I|n|mum & Little Ice Age

Tl  The Maunder Minimum
coincided with coldest part
of the Little Ice Age:
|s there a connection?

Coldest decade in England since

tho Littla leo Aoo: ’IQ’IQ/’IQ’I/I
= |C |—|LL|C | A 2wy I"'\UC, A2 1<) 10) LT T

last Christmas Fair on the Thames

' N iDIDD
Tear Eddy 1976




Cosmic Rays, the Sun & Tree Rings

Cosmic Rays

Solar Wind Termination Shock

Interstellar Heliopause

Wind

Productlon of Isotopes,
such as 14C (used for
| radlocarbon datlng)

= ARG




How did

the Sun

Behave
since last
lce Age?

Number of
Sunspots over last
11400 years
reconstructed from
14C In tree rings =»
Sun is very active

compared to
last 11000 years

Solanki et al. 2004
Nature
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The Life Story of Greenland Ice
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Figure: M. Lockwood (Bond et al., Science, 2001)

|ce-rafted debris abundance (%)




Comparison Between Sunspot
Number and Climate
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Solar Cycle Length & Global
Temperature
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Chance
correlations
between solar
and climate
parameters?

A further
example of
correlations:

(from the archive
of the Swiss
National Bank )
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Paths by Which,Sun may Affect
Clirpretie

VariatieSieiRieie] |rrad|ance change A tetal energy
INput ter Earipfs atmesphnere

VarauensterrUV, imadiance: influence on
atmospheric chemistry (e.g.'stratospheric ozone
production and depletion)

Modulation of cosmic rays: has been proposed to
affect cloud cover




Sun-Climate: Possible Mechanisms

)f
Outgoing infrared radiation To tal

Solar
-Zﬁ-

Irradiance

Dutg:::ing solar radiation ”"" variations

> Energy input to the
Emhssurf-u - Earth’s atmosphere

46% absorbed by
Earth's surface (




Sun-Climate: Possible Mechanisms
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Irradiance
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Changes in

stratospheric
chemistry
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Sun-Climate: Possible Mechanisms

Modulation of

cosmic rays
flux

[:_ Solar Activity Variations Solar W
- =2 Wingd

: : Mody; oy

Apparent Link
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Amount of

Cloud Cover

Tropospheric- |
lonization Rate

T el Changes in
S TTRe— cloud cover
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Measured total irradiance
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Solar brightness_f

985 1990 1995 2000

NSPOLS

1990 19495
TYaar




Area covered by faculae increases faster from Min. to
Max. of solar activity than by sunspots




Magnetic Field & Brightness Changes

R T Model:

o T AT b i s based on
assumption
that
W Drightness
s /7] changes are
’ | il caused by
B magnetic
i field at solar
™ -" | surface
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“It’s no good, Dawson! We're being sucked in by
the sun’s gravitational field and there’s nothing
we can do! ... And let me add those are my
sunglasses you're wearing!”




The Joy of Tech .,

by Mitrozac & Snaggy

THE B840 NEWS 1S THE
ICE CARP 1S MELTING
AND IT'S GOING TO BE
v ALMOST IMPOSSIBLE
TO CATCH SEALS.

THE GOOD NEWS IS IF ¥
WE KEEF MOVING SOUTH,
THERE’S TONS OF FAT
ANIMALS CALLED
“HUMANSY WHO CANT
RFUN VERY FAST.

Joyoftech.com




We have started a gigantic experiment
with the only home we have, the Earth
B
... and we are dangerously close to
letting It get out of control

i




Thank you for your attention!
















Sunspots

Umbra Granule

Umbra:
Temp = 4000°

Granules:
Temp = 5500°




Faculae & the Network

1938/0Z/30 20123142

Gas at 8000° (Ca ll K)  Gas at 50 000° (EIT He 1)




The Hot and Dynamic Corona

Borona:during an Eclipse | [z02/01/0 1516
EUV Corona: Plasma at Artificial eclipse
>1 Mio °C (EIT 195 A) (LASCO C3/SOHO, MPS)




A Flare Near the Solar Limb

Gas at
1 Million
degrees
(Corona)

Movie
covers 4

2002-Apr—21 E
00:43:09




