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The oxygen isotope ratio. 

The oxygen isotope ratio is the primary method used to determine past temperatures from ice cores. Because isotopes have a different number of neutrons, they 
have different mass numbers. Oxygen's most common isotope has a mass number of 16 and is written as 16O. Most of the oxygen in water molecules is composed 
of 8 protons and 8 neutrons in its nucleus, giving it a mass number (the number of protons and neutrons in an element or isotope) of 16. About one out of every 
1,000 oxygen atoms contains 2 additional neutrons and is written as 18O.

Depending on climate, the two types of oxygen (16O and 18O) vary in water. Scientists compare the ratio of the heavy (18O) and light (16O) isotopes in ice cores, 
sediments, or fossils to reconstruct past climates. They compare this ratio to a standard ratio of oxygen isotopes found in ocean water at a depth of 200 to 500 
meters. The ratio of the heavy to light oxygen isotopes is influenced mainly by the processes involved in the water or hydrologic cycle.

Evaporation and condensation are the two processes that most influence the ratio of 18O to 16O in the oceans. Water molecules containing 16O evaporate slightly 
more readily than water molecules containing 18O. At the same time, water vapor molecules containing the 18O condense more readily.

         (adapted from https://www.ces.fau.edu/nasa/module-3/how-is-temperature-measured/isotopes.php   
        and  https://earthobservatory.nasa.gov/features/Paleoclimatology_OxygenBalance)

The concentration of 18O in precipitation decreases with temperature. This graph shows 
the difference in 18O concentration in annual precipitation compared to the average annual 
temperature at each site. The coldest sites, in locations such as Antartica and Greenland, 
have about 5 percent less 18O than ocean water. (from Jouzel et al., 1994)
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from Weart, Phys. Today 56, 30 (2003)
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Ice core data from lake Vostok in Antarctica

Radar satellite image of lake Vostok

Lake Vostok is the largest of Antarctica's 675 
known subglacial lakes. 

Lake Vostok is located at the southern Pole of 
Cold, beneath Russia's Vostok Station under 
the surface of the central East Antarctic Ice 
Sheet, which is at 3,488 m above mean sea 
level. 

The surface of this freshwater lake is 
approximately 4,000 m under the surface of 
the ice, which places it at approximately 
500 m below sea level.

Measuring 250 km long by 50 km wide at its 
widest point, it covers an area of 12,500 km2 
making it the 16th largest lake by surface 
area. 

With an average depth of 432 m, it has an 
estimated volume of 5,400 km3, making it the 
6th largest lake by volume.

The lake is divided into two deep basins by a 
ridge. The liquid water depth over the ridge is 
about 200 m, compared to roughly 400 m 
deep in the northern basin and 800 m deep in 
the southern.

(from Wikipedia, https://en.wikipedia.org/wiki/Lake_Vostok )

https://en.wikipedia.org/wiki/Lake_Vostok
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from Alley, 2004
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Milankovitch cycles describe the collective effects of changes in the Earth's movements on its climate over thousands 
of years. The term was coined and named after the Serbian geophysicist and astronomer Milutin Milanković. 

In the 1920s, he hypothesized that variations in eccentricity, axial tilt, and precession combined to result in cyclical 
variations in the intra-annual and latitudinal distribution of solar radiation at the Earth's surface, and that this orbital 
forcing strongly influenced the Earth's climatic patterns.
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The semi-analytic planetary theory VSOP (French: Variations Séculaires des Orbites 
Planétaires) is a mathematical model describing long-term changes (secular variation) in the 
orbits of the planets Mercury to Neptune. The earliest modern scientific model considered 
only the gravitational attraction between the Sun and each planet, with the resulting orbits 
being unvarying Keplerian ellipses. In reality, all the planets exert slight forces on each 
other, causing slow changes in the shape and orientation of these ellipses. Increasingly 
complex analytical models have been made of these deviations, as well as efficient and 
accurate numerical approximation methods.

VSOP was developed and is maintained (updated with the latest data) by the scientists at 
the Bureau des Longitudes in Paris. The first version, VSOP82, computed only the orbital 
elements at any moment. An updated version, VSOP87, computed the positions of the 
planets directly at any moment, as well as their orbital elements with improved accuracy.

(https://en.wikipedia.org/wiki/VSOP_model)

https://en.wikipedia.org/wiki/VSOP_model
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22.1–24.5° range of Earth's obliquity.
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Axial precessional movement.
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Planets orbiting the Sun follow 

elliptical (oval) orbits that rotate 

gradually over time (apsidal 

precession). The eccentricity of this 

ellipse, as well as the rate of 
precession, are exaggerated for 
visualization



Edoardo Milotti - Bayesian Methods - Spring 2025 14



Edoardo Milotti - Bayesian Methods - Spring 2025 15



Edoardo Milotti - Bayesian Methods - Spring 2025 16

Lomb-Scargle periodograms

Schuster periodogram: rough 
approximation of the power 
spectral density for unequally 

spaced data

Lomb-Scargle method: spectral 

estimates equivalent to linear 
regressions

a, b are obtained by minimizing S
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Demonstration Jupyter notebook and material at these links

https://github.com/prappleizer/prappleizer.github.io/tree/master/Tutorials/MCMC
https://prappleizer.github.io/Tutorials/MCMC/MCMC_Tutorial.html 

… unfortunately, full of unsolved issues …

https://github.com/prappleizer/prappleizer.github.io/tree/master/Tutorials/MCMC
https://prappleizer.github.io/Tutorials/MCMC/MCMC_Tutorial.html
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Is emcee the ultimate MCMC? Certainly not!
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A nice list of MCMC samplers (not quite up to date, however and with many broken links)

https://m-clark.github.io/docs/ld_mcmc/#preface 

https://m-clark.github.io/docs/ld_mcmc/
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best three-planet model fit compared to the data
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