
Mathematics and Mars
Exploration

Universidad Complutense de Madrid,

Real Academia de Ciencias

J.I. Díaz



From the “passive study” of Celestial Mechanics 
to the application of the sharper techniques of 
Optimal Control Theory (passing through 
science-fiction),…

D.F. Lawden 1955, A. Miele 1958, 
G. Leitmann 1959, A.I. Lurie 1963,....



Apollo 11, July, 20, 1969

Dynamical systems teams: 



Júpiter moons



John von Neumann (1955 ): Probably intervention in 
atmospheric and climate matters will come in a few decades, and 
will unfold on a scale difficult to imagine at present

To act on the atmospheric climate by acting on the albedo : the von 
Neumann problem
A single “player” and a single control v (terminology of 
Control Theory and Games Theory).

Recent results on a mathematical formulation 
(raised to me by J.L. Lions: fax of 15 may 
1999). 

Energy Balance Models, M.I. Budyko and W. D. Sellers, (1969):

von Neumann: climate and its 
control

J.L.Lions (1924-
2001) President of 
the CNES



gy    
diagnostic character and
intended to understand the evolution of 
the global climate on along time scale.
Their main characteristic is the high 
sensitivity to the variation of solar and 
terrestrial parameters

Used in the study of the Milankovitch theory of the ice-ages 
(R.North, 1984)

The distribution of temperature y(x,t) is expressed pointwise after a 
standard average process, where the spatial variable x is in the Earth's 
surface
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S. Arrhenius (1896), ....

W.D. Sellers(1969),    M.I. Budyko (1969),....
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Constitutive laws
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Exploration of Mars

M. I. Hoffert, A. J. Callegari, C. T. Hsieh and W. Ziegler, Liquid water on Mars: An energy 
balance climate model for CO2/H2O atmospheres, Icarus 47, I 1, 1981, 112-129.

Third International Workshop on Mars Polar Energy Balance and the CO2 Cycle 
(2009)
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Sellers

Budyko
Empirical relation, Depends of the greenhaus gases, 
anthropogénicos changes,... (internal variables)

On the diffusion operator, D: a jerarchy.
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In planetary scales O(104 Km) the
velocity is eliminated by using the
eddy diffusive approximation



Bidimensional model ( ( ) )D div k x u= ∇
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Mathematical treatment (North, Hetzer, Drazin,D, Tello,Badii, Arcoya, 
HErnandez,...

J.I. Díaz and J. L. Lions (eds.), Mathematics, Climate and Environement  
Masson, Paris, 1993.

J.I. Díaz (ed), The Mathematics of Models for Climatology and 
Environement, NATO ASI Series, Springer Verlag, 1997.

J. I. Díaz, On the von Neumann problem and the approximate 
controllability of Stackelberg-Nash strategies for some 
environmental problems, Rev. R. Acad. Cien.Serie A Matem, 96, 
nº 3, 2002, 343-356



Milutin Milankovitch (1879-1958)



CLIMATE CHANGE OF MARS: EFFECTS OF OBLIQUITY CHANGES. 
T. Nakamura and E. Tajika, De-partment of Earth and Planetary Science, 
The University of Tokyo (7-3-1 Hongo, Bunkyo-ku, Tokyo 113-0033, 
Japan; kijun@sys.eps.s.u-tokyo.ac.jp, tajika@eps.s.u-tokyo.ac.jp)

A challenging  future…

C.Sagan  and G. Mullen, Earth and Mars: Evolution of 
atmospheres and surface temperatures, Science, 177, 1972, 
52-56. 
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