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Problem: Understanding glacial-intergalcial climatic oscillations
Social aspect of the problem: Existence of witches

Questions: What do we know from the past (time series)?
What are the relevant features of the data?
What drives the climatic processes?
Energy- és energy-flux scales

Models:  External drive
Thresholds, relaxations, memory effects

Internal drive §
atmosphere
Thresholds, feedbacks

o—
Importance of noise ocean 1> T
Epilogue: Probability of change of opinion: Do witches exist? T, < T,

Acknow.: Z. Horvath, I. Janosi, T. Tél and I. Daruka (E6tvos University)




Temperature deviation from the average of 1960-1930
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Last 725 thousand years

dT from awverage during 1960-30

Antarctic Ice Cores compared

Accuracy of data:
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Last 5 million years
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M.E. Raymo and K. Nisancioglu, >
Paleoceonography, 20, PA1003 (2003)
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Last 15 000 years: Differences between north and south

Antartic and Greenland Ice Cores LCompared

dl from average during 1960-390
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Antarctic [Vostok, Mature, 399, 429 (1999)] ——
Greenland [MGRIF, Mature 431, 147 (2004] ——
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Features we would like to understand

t > -800 ky:

e strong ~100 ky period
» weaker ~41 ky period
* Directionality

Saw-tooth: Slow cooling, fast warming

t <-800 ky
» ~100 ky period disappears
e ~41 Ky period dominating

 North and south are ~synchronized
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Energies and energy fluxes: Characteristic times

relaxation time
of the perturbation
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Glacial periods and orbital eccentricity | M. Milankovich (1930)

Antarctic ice-core temperatures and eccentricity of Earth’s orbit
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Eccentricity spectrum
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Periods of Earth: (Milankovich 1930)

G. Bacsak

Excentricity (100 ky)
small effect — 0.1%

Precession of
(19, 23 ky)

Angle of inclination (41 ky)

22.1 degrees

/

(Y

23.5 degrees

Present Tilt

Minimum Tilt

axis of rotation:

Maximum Tilt

Top view
Today: Perihelion during northern winter.
: (North Pole tilted away from Sun=northern winter)

Side view

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-mﬂhcry\tmmr)

@ Earth on December 21 w Sun

Changes distribution of
insolation.

Insolation at North Pole:
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Power spectrum

Insolation intensity at the
edges of the icefields
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Insolation at 65°N
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Threshold models

J. Imbrie and J.Z. Imbrie, Science. 207, 943 (1980)

Complexity of models:
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Antarctic ice-core temperatures and insolation at 65°N

A threshold model in more detail
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P ro b I ems W| th th e tres h 0] I d Mo d e I Antarctic ice-core T compared to a-b-model predictions

W. H. Berger, Int. J. Earth Sci. 88, 305 (1999) 4+ theory - a=b=4,1=0.03 .
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Antarctic ice-core T compared to a-b-memory model

Improving the threshold model
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i . E. Kallen, C. Crafoord, and M. Ghil,
Internal drlve' J. Atm. Sci. 36, 2292 (1979)

Feed baCkS and OSCi”atiOnS B. Saltzman and A. Sutera, J. Atm. Sci. 41, 736 (1983)

H. Gildor and E. Tziperman, J. Geophys. Res. 106, 9117 (2001)
How to get oscillations?
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Sea-ice switch

H. Gildor and E. Tziperman, J. Geophys. Res. 106, 9117 (2001)

Box model for T4, Teear Viands Veea
Warm sea - ice off
Temperature (T) > Precipitation (P) rate: ~ My
Albedo (0); <= Ice (V) slow| rate: fg =My =S
@ model for growth (M)
. and ablation (S)
cold sea - ice on
Temperature (T) ©==> Precipitation (P) rate: ~ My
Albedo (a): (= Ice (V) fast| rate: fy=5—My,
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. ; . H. Gildor and E. Tziperman,
Sea-ice switch: 100 ky period J. Geophys. Res. 106, 9117 (2001)

Rate of growth of ice-shields: [y =M =S| «<— ablation rate
T
maximal
Rate of decay: |la=S—Mpin| «<— minimal precipitation rate
Tg
Vmin Vmax
AV Period: |7 = 7, 7, = AV 4+ AV
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Stochastic resonance and the 100 ky period

R. Benzi et al., Tellus 34, 16 (1982), C. Nicolis, ibid. 34, 1 (1982)
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Stochastic resonance: The mechanism

R. Benzi et al., Tellus 34, 16 (1982)
C. Nicaolis, Tellus 34, 1(1982)
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G. Matteucci

Derivation of the deterministic part | cim. pyn 3,179 (99)
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Adding the drive

Energy
balance:

Noise:
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G. Matteucci, Clim. Dyn. 3, 179 (1989)
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Adding memory

J. D. Pelletier, J. Geophys. Res. 108, 4645 (2003)
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Similar observations:

E. Koscielny-Bunde et al., Phys.Rev.Lett. 81, 729 (1998)

J. D. Pelletier and D. L. Turcotte,
Hydrology, 203, 198 (1997)



Adding noise to sea-ice switch model

Y. Ashkenazy et al.
J.Geophys.Res. 110, C02005 (2005)

Dynamics of oV
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Do witches exist if there are two large hurricanes in a century?

-

W: hurricans are caused by witches h: more than 2 hurricans occurs in a
(idea) century (phenomena)

If W, then the probability of h is big:

Outset: we do not know

P(W) ~ P(W)~0.5 P(h|w)~0.5
If W, then the probability of h is small:
P(h|w)=~0.1
P(h,w) = P(h|w) P(w) = P(w|h) P(h)
*
Pﬁb::(;"wf Probability of W bt w) P(w)TPm W) P(w)
/ if h happens
P(w|h) = PhiwPw) |05 pe3
P(h|w)P(w)+P(h|w)P(w) | 05+01 ——
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