commons licenses. If possible, a global opening coordi-
nated at the same day in all countries could be planned
in order to amplify the visibility of the mathematics of
the planet Earth. The idea was presented by the CIM di-
rector at the annual ERCOM meeting held the 9th April
2011 in the Mathematical Institute of Oberwolfach, and
is currently under development.

The Mathematics of the Planet Earth — 2013 initiative
will be another great occasion for showing the essential
relevance of mathematics in planetary issues at research
level for resolving some of the greatest challenges of the
215t Century, as well as at the level of raising the pub-
lic awareness of mathematics and at the educational and
cultural level.

Four themes with potential examples of modules for a virtual exhibition on the

“Mathematics of Planet Earth”

by Christiane Rousseau®

A PLANET TO DISCOVER: oceans; meteorology and climate;
mantle processes, natural resources; celestial mechanics;
cartography.

1.— CRrYSTALLOGRAPHY: The crystallographic groups
describe the different possible symmetries of the tilings
of 3-dimensional space which are invariant under three
independent translations. There are applications in the
structure of crystals inside rocks. More generally, in
chemistry, crystallography is the science of the arrange-
ments of atoms inside a solid. Some arrangements are
denser than others and the density of the packings is
related to the chemical properties of the chemical ele-
ments. On the mathematical side, density of packings is
linked with Kepler conjecture on the densest packing of
spheres. Different densities can be studied: the densest
one, the random density when spheres are packed at ran-
dom. The same questions can be asked for objects with
other shapes than spheres. More recently, mineralogical
finding offered evidence that quasicrystals might form
naturally under suitable geological conditions.
2.—FRACTALS PROVIDE MODELS FOR THE SHAPES OF NA-
TURE: Rocky coasts, ferns, the networks of brooks and
rivers, for instance deltas. The fractal dimension is a
measure of the “density” of a fractal which allows to
compare the density of different fractals.

3. THE MOVEMENTS OF THE EARTH AND THE PLANETS IN

THE SOLAR sYSTEM: The inner planets (Mercury, Venus,
the Earth and Mars) have chaotic motions. Simulations
show a 1% chance that Mercury be destabilized and en-
counters a collision with the Sun or Venus. There is a
much smaller chance that all the inner planets be desta-
bilized and that there could be a collision between the
Earth and either Venus or Mars in ~3.3Gyr.

*  Université de Montréal
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4.—THE ROLE OF THE MOON TO STABILIZE THE AXIS OF
THE EArRTH. If we remove the Moon, then simulations
show that the Earth’s axis would undergo large oscil-
lations and we would not experience the climates that
we now have. In the same spirit there are recent studies
making the link between the changes of the parameters of
the Earth: angle of the axis, eccentricity of the orbit, etc.
and the past climates of the Earth (glaciations periods).

§.— WY THE seasoNs? Why the length of the day is dif-
ferent at different dates, depending of the latitude? Theses

themes are very standard. But, in many countries, they
disappear from basic science education and needs to be

taught independently.

6.—THE EcLIPSES. Two types of eclipses: Sun eclipses of
Moon eclipses; Explanation of the phenomenon; Previ-
sions of the eclipses.

7.— WEATHER PREVISIONS: The use of models; The but-
terfly effect.

8.—REMOTE SENSING FOR EXPLORING THE EARTH. It
could be the use of aerial photographs to discover re-
sources or the use of seismic waves to discover resources
in the underground.

9.—LocarizinG EvenTs: Earthquakes, thunderstorms,

etc. This is done through triangulation when several dis-
tant stations note the time when they register the event.

10.— THE GLOBAL PoSITIONING SysTEM (GPS).

11. — ELEMENTS OF CARTOGRAPHY. It is not possible to
draw a map of the Earth respecting ratios of distances.
12.—THE USE OF TOOLS IN GEOGRAPHY TO MEASURE THE

EarTH: How to measure the height of a mountain? How
to draw maps of a region?
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13.— GEOMETRIC GRIDS ON THE EARTH TO MAKE NUMER-
ICAL COMPUTATIONS. When making computations on the
surface of the Earth, it is natural to divide the surface in
small surface elements. If these are determined by small
increases in longitude and latitude, then there are singu-
larities at the poles. Geodesic grids could be more con-
venient for such calculations. They are linked to poly-
hedra inscribed in the sphere.

14.— MOVEMENT OF TECTONIC PLATES, CONTINENTAL
DRIFTS, RIFTS. Mathematics studies the dynamics of the
planet mantle as an application to geosciences.

A PLANET SUPPORTING LIFE: ecology, biodiversity, evolu-
tion.

15.— THE PHYLOGENETIC TREE OF LIFE. In biology, phy-
logenetics is the study of evolutionary relatedness among
species. A phylogenetic tree or evolutionary tree is a
branching diagram or tree showing the inferred evolu-
tionary relationships among various biological species or
other entities based upon similarities and differences in
their physical and/or genetic characteristics. Computa-
tional phylogenetics is concerned by applying algorithms
to assemble a phylogenetic tree representing a hypoth-
esis about the evolutionary ancestry of a set of genes or
species. It is a tool for taxonomy which is the science of
classifying organisms

16. —PoruLaTION MODELS. Models of epidemics. Inva-
sive species.

A PLANET ORGANIZED BY HUMANS: political, economic, so-
cial and financial systems; organization of transport and
communications networks; management of resources;
energy.

17.— TRANSPORT SYSTEMS: How to organize transport

systems in efficient ways.

18.—THE WEB GRAPH: It is a way of connecting the plan-
et together.
19.— MANAGEMENT OF RESOURCES.

20.— GAME THEORY AND APPLICATIONS IN ECONOMICS
AND IN BIOLOGY. In economics we have Nash equilibri-

um. In biology, game theory is useful for modeling some
interactions of populations.

21.—THE ECONOMY OF SOLIDARITY AND HOW TO FIGHT
POVERTY AROUND THE WORLD: For instance the micro-
credit.

A PLANET IN THE BALANCE: climate change, sustainable de-
velopment, epidemics; invasive species, natural disasters.

22.— CLIMATE MODELS: How to use chaotic weather pre-
visions where no prevision is valid past 14 days to long
term climate previsions. One technique is to consider an
average of many simulations with close initial conditions.

23.—HyDprOGRAPHIC PREVISIONS: What will be the quan-
tity of rain expected to be received on a given region?
This is important for agriculture, but also for filling the
reservoirs of electric dams.

24.—EVOLUTION OF THE HUMAN POPULATION OVER HIS-
TORY. Previsions for the next centuries.

25.—PERCOLATION: At each occupied node of a vertex
there is a probability p that an adjacent node becomes
occupied. Depending on p, the final configuration can
have very different properties. Percolation models are
useful to study the diffusion of liquids including pollut-
ants inside soils. They also provide models for the dif-
fusion of epidemics.

26.—THE AGE OF THE EARTH. The first serious attempts
were done by Lord Kelvin around 1840. Kelvin used
Fourier’s law of heat the gradient of temperature meas-
ured empirically and some very strong hypotheses sim-
plifying the problem. He gave an interval of 24 to 400
million years. This estimate was in contradiction with the
observations of the geologists and it was incompatible
with the new theory of evolution of Darwin which re-
quired a much older planet. Kelvin has neglected to take
into accounts the convection movements inside the Earth
which slow down considerably the cooling of the mantle.

27. THE RISING OF THE SEA LEVEL WITH THE MELTING OF
THE GLACIERS.



