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EpilEpilooguguee:    :    Probability of change of opinion: Do witches exist?
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ProblProblemem:: What is climateWhat is climate and how does it changeand how does it change?
Mixing of scientific and social problems (witches).

ModelModelss:      :      Importance of spatial structures
Is there a possibility for sudden change?

Mixing of distant energy scales
Greenhouse effect

QuestionsQuestions: : What do we know from the past (time series)?
Relevant time- and spatial scales 

What drives the climatic processes?
Energy- és energy-flux scales
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Motion of continents and changes of climate

http://www.scotese.com/



-14 million years

http://www.scotese.com/



The last 430 thousand years ice

water

Slow cooling

Fast increase
(starting from 
low T-s!)

0<Tδ
0<Dδ

yCT o 50/6>∆



Last 725 thousand years 
Accuracy of data:

pressure
shear
roughness



DO (Dansgaard-Oeschger) oscillations

Last 123 000 years: Fine structure of the ice age

Younger Dryas



Last 15 000 years: Differences between north and south



Power spectrum of fluctuations

100 000 y

41 000 y

23 000 y

Periods related to the 
Earth’s orbital motion:

Excentricity:

100 000 y

Change in angle 
of inclination:

41 000 y

Precession of the 
axis of rotation:

23 000 y
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Periods of Earth: (Milankovich 1920)

Excentricity (100000 y) 
small effect  – 0.1%

Angle of inclination (41000 y)

Precession of
axis of rotation:
(23000 y)

Changes distribution of
insolation.

Insolation at North Pole: 
max             min
90                 0

Affects intensity of seasons.

G. Bacsák

http://www.ncdc.noaa.gov/paleo/



Periods of Earth’s motion

Insolation in 
June at 
N 67 latitude
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Stochastic resonance and the100 000 year period
R. Benzi, G. Parisi, A. Sutera, and A. Vulpiani, Tellus 34, 16 (1982)
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Energy fluxes

173000*10 w

Direct reflection 0.30

1

Direct change into heat 0.47

Evaporation, precipitation, etc. 0.23

Wind, waves, currents, convection 2*10

Energy storage

in water, ice

Photosynthesis 2*10

Earth

Energy storage
by living matter

coal, oil, gas

decay

humans 3*10
1*10industry

Nuclear and thermal energies

Energy flow from Earth

2*10

Volcanos, hot springs

2*10

tides

2*10

2*10
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Energies and energy fluxes: Characteristic times

EJ
E δ

τ ≈ energy perturbation

energy flux through the system
relaxation time
of perturbation

atmospheric perturbations
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days 5≈τ

oceanic perturbations
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Tropo-
sphere

Mixing 
zone

years 2≈τ

Golf stream

Q:Q: Where does the Where does the 100100 000 year period comes from000 year period comes from??



The great thermohaline conveyor belt



Sunspots, solar wind, cosmic radiation

Maunder 
minimum

001.0/ ≈EE JJδ
same order of magnitude 
as excentricity

Solar wind and sunspot activity
shows an 11 year periodicity

cloud formation

Dynamo model:
Longer periods?

H. Svensmark, PRL81, 5027 (1998)

Sunspot activity increasing
(~ 400 years)



Greenhouse effect: Dust, volcanos, aerosols, CO2, …
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Lower Troposphere Temperature 

Global warming
Surface temperature of oceans
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Global warming -- tricks

Lower Troposphere Temperature

IPCC NASA (Goddard)



Global warming: models



What do the models contain?

1970               1980               1990              1995    2000               jelenleg
atmo-
sphere

land surface

oceans + ice

sulphate-aerosols

other aerosols

carbon cycle
(land + ocean)

dynamic vegetation

atmospheric chemistry

Intergovernmental Panel on Climate Change

Equations:
mass, energy
momentum
humidity

radiative and surface
fluxes, clouds, …



Do witches exist if there are two large hurricanes in a century?
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:  hurricans are caused by witches
(idea)

: more than 2 hurricans occurs in a 
century (phenomena)
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Appendix:
CO2


