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• Describes the collective effects of changes in the 
Earth's movements upon its climate, named after 
Serbian civil engineer and mathematician Milutin 
Milanković, who worked on it during First World War 
internment. Milanković mathematically theorized that 
variations in eccentricity, axial tilt, and precession of 
the Earth's orbit determined climatic patterns on 
Earth through orbital forcing, also know as radiative 
forcing.

• The Earth's axis completes one full cycle of precession 
approximately every 26,000 years as the elliptical 
orbit rotates more slowly. The combined effect of the 
two precessions leads to a ~21,000-year (21 kyr) 
seasonal period. 

• The angle between Earth's rotational axis and the 
normal to the plane of its orbit (obliquity) oscillates 
between 22.1o and 24.5o on a 41,000-year (41 kyr) 
cycle. It is currently 23.44o degrees and decreasing.

MILANKOVIC THEORY

From Wikipedia, the free encyclopedia
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• Orbital inclination - The inclination of Earth's orbit drifts up and down relative to its present orbit with a 
period of about 70,000 years (70 kyr).  Milankovic did not study this 3D movement, known as "precession of 
the ecliptic" or "planetary precession". The invariable plane, the plane that represents the angular 
momentum of the solar system, is approximately the orbital plane of Jupiter, the largest planet. 

Milankovic Theory From Wikipedia, the free encyclopedia

• A dominant, 100 kyr eccentricity 
period of Earth’s orbit closely 
matches the pattern of recent 
ice ages. 

• Both the 100 kyr and 400 kyr 
eccentricity periods stem from 
gravitational interactions of 
Earth with Venus (smaller but 
close) and Jupiter (very large 
and far). 

• The 400 kyr component is called 
the ‘long’ eccentricity cycle, and 
of all of Earth's orbital 
frequencies, is demonstrably the 
most stable.

https://www.sciencedirect.com/topics/earth-and-planetary-sciences/eccentricity

70,000 (70 kyr), 100 kyr, and 400 kyr CLIMATE FACTORS
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Olsen, and others, 1996

• Between1 to 3 Myr ago, 
climate cycles matched the 
41 kyr cycle in orbital 
obliquity, but about one 
million years ago after a Mid-
Pleistocene Transition (MPT) 
Earth’s climate fluctuations 
more closely match 100 kyr 
periods of orbital eccentricity. 

• The transition problem refers 
to the need to explain what 
changed during the MPT.

• The MPT has been modeled 
and reproduced in numerical 
simulations that include a 
decreasing trend in carbon 
dioxide and glacially induced 
removal of regolith.

THE MID-PLESTOCENE TRANSITION ABOUT 1 Myr to 800 kyr
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~800 kyr

405 kyr

Australasian tektite 
strewn field 790 kyr

Schneider D.A., Kent D.V. & Mello G.A. 1992. A 
detailed chronology of the Australasian impact 

event, the Brunhes-Matuyama geomagnetic 
polarity reversal, and global climatic change. 

Earth and Planetary Science Letters 111, 395-405.

Mid-Pleistocene climate 
change  ~1 Myr to 800 kyr 
Willeit, M., Ganopolski, A., Calov, R., and Brovkin, 

M, 2019, Mid-Pleistocene transition in glacial 
cycles explained by declining CO2 and regolith 

removal: Science Advances v. 5, no. 4.

The last geomagnetic 
reversal 781 kyr

Gradstein, Felix M.; Ogg, James G.; Smith, Alan G., 
eds. (2004). A Geological Time Scale (3rd ed.). 

THE PAST 3,000,000 YEARS (3 Myr) OF CLIMATE CHANGE
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THE PAST 800 kyr OF CLIMATE CHANGE



Modified and supplemented from Fig. 2d. EPICA Dome C 
records on EDC3 timescale, and terrestrial records (on 
individual timescales); LR04 benthic stack and corresponding 
marine isotope stages (MIS) from LR04.
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• The past 400 kyr 
has seen relatively 

extreme 
temperatures 

ranges occurring 
about every ~100 

kyr when compared 
to the prior 400 kyr 

period. 

• Note that along 
with increased 
temperature 

fluctuations, the 
past 400 kyr has 
experienced an 
increase of time 

between very 
warm periods, as if 

the system has 
been slowing down.

CLIMATE VARIABILITY OVER THE 
PAST 800 kyr
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PULSES OF EARTH’S ORBITAL-ECCENTRICITY 
OVER THE PAST 30 Myr
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EARTH’S CURRENT ORBIT
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The data are based on a compilation of oxygen isotope measurements (δ18O) on benthic foraminifera by Zachos et 
al. (2001) which reflect a combination of local temperature changes in their environment and changes in the 
isotopic composition of sea water associated with the growth and retreat of continental ice sheets

~14oC

Chesapeake 
Bay impact 

crater 
35.5 Myr

8.1 Myr

8.1 Myr

THE PAST 60 Myr OF CLIMATE CHANGE
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Stylistic, periodic sine waves are plotted below for both 66.0 Myr (top-red) and 
51.6 Myr (bottom-green) cycles. The diameters and ages of known bolide 

impacts on Earth’s continents are plotted as blue dots (x- crater diameter, and 
y- age), with some larger, suspected impact events plotted using red dots. 

Geomagnetic polarities are also plotted for the past 130 my on the left side.

• Our Solar System bobs up and down periodically 
with respect to the Galactic invariable plane 

where the highest concentration of mass occurs. 

• Earth crosses the axial plane about every 30 Myr.

The blue histograms are biological extinction events

C T Cr Ju Tr Per Pen

350 Myr OF SOLAR SYSTEM 
OSCILLATION, BOLIDE 

IMPACTS AND BIOLOGICAL 
EXTINCTIONS ON EARTH, 

ALSO SHOWING 118 Myr OF 
MAGNETIC FLUX
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Veizer, J., Ala, D., Azmy, K., Bruckschen, P., Buhl, D., Bruhn, F., Carden, G.A.F., Diener, A., Ebneth, S., Godderis, Y., 
Jasper, T., Korte, C., Pawellek, F., Podlaha, O. and Strauss, H. (1999) 87Sr/86Sr, d13C and d18O evolution of 
Phanerozoic seawater. Chemical Geology 161, 59-88.  The ~30 and ~145 Ma cycles are from eyeballing the trends.
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THE PAST 542 Myr OF CLIMATE CHANGE
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STYLISTIC DEPICTIONS OF LONG-TERM CLIMATE 
CHANGE ON EARTH THROUGH GEOLOGICAL TIME

~145 ma

~30 ma

PALEOZOIC MESOZOIC CENOZOIC

~540 Myr
?

WARM
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?
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http://object.cato.org/sites/cato.org/files/serials/files/regulation/1992/4/v15n2-9.pdf
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http://appinsys.com/globalwarming/GW_Part1_PreHistoricalRecord.htm
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GLOBAL CLIMATE GRAPHS

The figure to the right is known as the “hockey-stick” graph (due to its shape) 
which has been debunked by the National Academy of Sciences, because of the 
manner in which data are skewed by selective reprentation and innacurate
models.



THE PAST 3 Myr of  CLIMATE CHANGE AND HUMAN ANCESTORY

~800 kyr

405 kyr

Homo Erectus 
~ 2 Myr to ~108 kyr Neanderthal ~ 800 kyr (?) to ~40 Ka

Homo Sapiens (Humans) ~ 300 kyr to ?

Extinct
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DOMINANT PERIODS OF EARTH’S ORBITAL EVOLUTION
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AustralopithecusH. Erectus

Neanderthal

Human
100 Kyr amplitude pulses

Slightly variable amplitudes in the ~400 Kyr period

H. Habilis

2.1

DOMINANT PERIODS OF EARTH’S ORBITAL EVOLUTION
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1. Earth's past climate cycles are recoded in geological episodes of 
glaciation, deposition of sediment, and fossil records.

2. Radiative forcing of Earth’s climate produces reoccurring, slightly varying, 
cyclic periods arising from orbital fluctuations primarily involving the Sun, 
Venus, and Jupiter; it’s a wobbly system.

3. Climate change happens on the order of thousands to millions of years as 
shown by Milanković theory with ~20 kyr, ~100 kyr, ~400 kyr, ~1 Myr, and 
~2 Myr periodicities.

4. Longer-period climate cycles of ~ 4 Myr, 6 Myr, 8 Myr, 30 Myr, and 
perhaps ~145 Myr may also occur based on the geological record and 
other considerations.

SUMMARY 1
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SUMMARY 2

5. The last 400 kyr period has seen significant surface-temperature 
temperature fluxes reaching ~14o C that can occur suddenly over 
~10 kyr time (at least four times). 

6. The length of time between warmer climate periods has gradually 
been increasing over the past 400 kyr.

7. Earth orbit is now nearly circular, and we are in an interglacial, 
warm period, near the top range of global temperatures reached 
in the past 2 Myr during evolution of the Homo genus.

8. Our current, warm temperatures were equaled about 220 kyr ago, 
and only surpassed briefly about 318 kyr and 405 kyr.  
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9. Earth is heading toward a period of gradual cooling over the next 
~120 kyr, and we may not have yet reached peak temperatures, but we 
are close to the downturn.

10. Humans have evolved within the past 400 kyr during a time of 
extreme, and sometimes rapid climate change.

11. Time will tell how human activity perturbs these astronomically 
forced cycles.

SUMMARY 3
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