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Problem: What is climate and how does it change? T2
Mixing of scientific and social problems (witches). liouid § o
o—
Questions: What do we know from the past (time series)? T,>T,

Relevant time- and spatial scales
What drives the climatic processes?
Energy- és energy-flux scales

Modelss  Importance of spatial structures T,
|s there a possibility for sudden change?
Mixing of distant energy scales atmosphere
Greenhouse effect o
ocean Tl > T2
Epilogue: Probability of change of opinion: Do witches exist?
Th<T
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Motion of continents and changes of climate

Middle Mioccene 14 Ma
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Temperature devialtion from the average of 1960-1930

: dT <0
ice
Thelast 430 thousand years dD <0
Wostok Ice Core Data (FPetit et al., Mature 399, 429-436, 1999) lwater
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Last 725 thousand years

Accuracy of data:

dT from awverage during 1960-30

Antarctic Ice Cores compared
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Last 123 000 years: Fine structure of the ice age

Greenland Ice Core [WGRIF, MNature 431, 147 (2004)]

2y /\ DO (Dansgaard-Oeschger) oscillations

1> Younger Dryas

dT from average during 1960-30
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Last 15 000 years. Differences between north and south

Antartic and Greenland Ice Cores LCompared

dl from average during 1360-390
|
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Antarctic [Vostok, Mature, 399, 429 (1999)] ——
Greenland [MGRIF, MNature 431, 147 (2004] ——
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Periods related to the
Earth’ s orbital motion:

Excentricity:
100 000y

Changein angle
of inclination:

41000y

Precession of the
axis of rotation:

23000y



Periods of Earth: (Milankovich 1920) | [ Ry

(North Pole tilted away from Sun=northern winter)

Seasonality reduced in the northern hemisphere.

5,500 years ago: Perihelion during northern spring.

Moderate seasonality in the northern hemisphere.

11,000 years ago: Perihelion during northern summer.

(North Pole tilted towards Sun=northemn summer)
T

Excentricity (100000 y) Precession of
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Periods of Earth’s motion

Insolation in
June at
N 67 latitude

(w/rr?)

Precession Band (23kyr-1%kyr)

o

Obliquity Band (41kyr)

Eccentricity Band (100kyr)
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Stochastic resonance and thel00 000 year period

R. Benzi, G. Parid, A. Sutera, and A. Vulpiani, Tellus 34, 16 (1982)
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Energies and energy fluxes. Characteristic times

relaxation time
of perturbation

dE
Je

L »

atmospheric perturbations

J E
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Sphere v
10km dT »10°C
.
dE » 2X0°) / m?

t »5days

<« energy perturbation

<« energy flux through the system

» 342.5wW / m?

oceanic perturbations

J E
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R
dE » 240" J/m*

Q: Where does the 100 000 year period comes from?




The great ther mohaline conveyor belt

Great ocean conveyor belt
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nspots, solar wind, cosmic radiation
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Cyczle 23 Sunspot Number Prediction

dJ./Je » 0.001

same order of magnitude
as excentricity
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Greenhouse effect: Dust, volcanos, aer osols, CO.,, ...
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Variances from average

Global warming

Surface temperature of oceans

T 08 &

dt 100y
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Lower Troposphere Temperature [°C] dT C°
As Measured by NOAA Satellites —» 077—
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Femperature change {(*C)
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Global warming: models

Saveral models all
SHES envelope
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What do the models contain?

Adk

1970 1980 1990 1995 2000 jelenleg
atmo-
sphere
land surface [ [ —
oceans + ice L]
sulphate-aerosols [ [ ]
Equations:
mass, energy
momentum other aerosols H D
humidity
carbon cycle I I
. (land + ocean)
radiative and surface
fluxes, clouds, ... dynamic vegetation

| nter gover nmental Panel on Climate Change

atmospheric chemistry




Do witchesexist if therearetwo large hurricanesin a century?

- o B
b: hurricans are caused by witches N: more than 2 hurricans occursin a
(ideq) century (phenomena)

Outset: we do not know If [, then the probability of h isbig:

P(b) » P(b)» 0.5 } P(h|b) » 0.5
If D, then the probability of N issmall:
P(h|b) » 0.1
P(h,b) = P(h[b) P(b) = P(b|h) P(h)
- i ' - sl -
hdb / ﬁroﬁaﬁggeﬂgb P(h|b) P(b) + P(h|b) P(b)
P(b|h) = P(h|b) P(b)_ — | » 0.5 » 0.83
P(h|b) P(b)+P(h|b) P(b) |~ 05+0.1 —
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