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2. Motivation 5. The data set 8. Long term persistence in paleoclimatic 11. Conclusions
reconstructions

LR05 climatic reconstruction was orbitally funed,  The Hurst-Kolmogorov dynamics, also known as long-term persistence,
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3. Hurst-Kolmogorov dynamics 6. Ice volume variability due to orbital forcing 7. A simple HK model for the ice volume 12. References

Primary “suspect” (Milankovitch theory): Varlathn

Hurst-Kolmogorov dynamics describes the scaling behaviour in natural processes. It can be perceived as 65° N Summer Insolation LRO5 Power Spectrum: Eccentricity, Obliquity Berger, A. (1977) Support for the astronomical theory of climatic change, Nature 268,

and Precession cycles are evident 4445
. 1 . . 4 : ' . .
Glacial variability of the last 3 000 ky can be described as the sum of the Hurst, H.E., (1951) Long term storage capacities of reservoirs, Trans. Am. Soc. Civil

the tendency of high or low values of natural events to group. Scaling behaviour can produce frequent and
strong “trends” in a process, in contrast to white noise. _ e o . . R
This behaviour is mathematically described in terms of invariance properties of the time series aggregated \, AT - eccentricity- and obliquity-fitted harmonics (deterministic part) and a HK Engrs., 116, 776-808.

on different time scales, and therefore quantified through the so-called Hurst exponent, H, which is ; o \/\ f\ﬂN W \Nww | :
described by the relationship: ! ° ¥ | i | A process (stochastic part). Huybers P., (2007) Glacial variability over the last two million years: an extended

ok =kH-1¢g IRt A AT A M A 1 ' 1 depth-derived agemodel, continuous obliquity pacing, and the Pleistocene

0.5, whereas in real-world time series H is usually greater. T 0 5 f 1 i |

=
m
o
o

(6180)2/Cycles/ky

model Kolmogorov, (1940) A. N., Wienersche Spiralen und einige andere interessante

Ao’ ! | '| M ’JW Kurven in Hilbertschen Raum, Dokl. Akad. Nauk URSS, 26, 115-118.
o I\ . | \ 5 5 3 i U ety 95% Conf{ | WWW)WWL/WH ! n - Koutsoyiannis D. (2002), The Hurst phenomenon and fractional Gaussian noise made
l - . L

| interval
easy, Hyd. Sci., 47 (4).

0.20 | I
0.20 , \f, U’ | M\ \ v | I*Vre Summer Insolation Power Spectrum: Only . . . .
040 | AT Obliquity and Precession cycles are evident ' Koutsoyiannis D. (2003), Climate change, the Hurst phenomenon, and hydrological

060 | V ’ | | | | | | | | | | statistics. Hyd. Sci., 48 (1).

1E+04 Standard orbital theory fails to explain: 2500 2000 1500 1250 1000 750
n - The strong 100 ky component, present to both Koutsoyiannis D. & Montanari A. (2006), Statistical analysis of hydroclimatic time

R LRO5 and Hu06 series: uncertainties and insights, Water Resour. Res. 43 (5), W05429.1-9.

Flow 1E+01 | - The mid-Pleistocene transition The simple
model Lisiecki, L. E., and Raymo, M. E. (2005), A Pliocene-Pleistocene stack of 57 globally

: H . I . 1E+00 ! - The low insolation forcing periods f\

: Il _ 1602 i Main alternative theories proposed:
o) A A L ! L L L rlHWAN A - ] — i I - 1E-03

-0.80 s
-1.00 . 1E+03

similar results

- Precession impact modulated by eccentricity | SOl | O S (W S |l N Wy S | | SW TN, S S S
05 ! I | 1604 | il . (Berger, 1977). for Hu06. —_ Ra-édnm model li'eﬂiﬂtinn
LE05 | : ; - Obliquity paced terminations (Huybers, 2007) LHI]5 ik

Cycles/ky

-1.5

0]




