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ABSTRACT
The search for life on extrasolar planets can be made
either indirectly by the detection of by-products of
biological activity, such as oxygen and methane, or
directly by "vegetation-like" spectral features. They
should both be associated with detection of water,
assumed to be a prerequisit for the development of life.
After a review of the compared advantages and
disadvantages of both approaches (artefacts,
universality, etc), we focus on a test of the detectability
of vegetation on Earth seen as a single dot: the
detection of vegetation in the spectrum of the global
Earth on the lunar surface, or Earthshine. We review
the first results obtained by different groups, new
ongoing observations and future plans.
1.

INTRODUCTION AND MOTIVATIONS

The search for Life on extrasolar planets can be done
by using two kinds of "biosignatures" (e.g. [1]). The
first type of signature consists of detection of
biological activity mineral by-products such as oxygen
and methane [2]. This approach raises some problems
detailed in [3], such as a possible confusion with
abiotic production of oxygen and a lack of universality,
as shown by the existence of anoxygenic
photosynthetic bacteria [4]. The second kind of
biosignature is the direct detection of the living system
themselves such as an extrasolar "vegetation" [3]. For
instance, on Earth, the vegetation has a common
spectral feature: a shoulder at ~ 725 nm as it can be
seen in [5]. Whereas the presence of oxygen is easily
detected in the Earth's spectrum, it is necessary to
check that the vegetation would be detectable in the
spectrum of an extrasolar Earth-like planet. Vegetation
could also be searched for by the circularly polarized
reflectance properties of leaves [6].
2.

HOW TO DETECT VEGETATION ON THE
EARTH SEEN AS A SINGLE DOT ?

The detection of vegetation on Earth is already made
with satellites in low orbit [7]. They always resolve the

Earth spatially, whereas an extrasolar planet will be
seen as a single dot.
To test this approach, a prerequisit is to determine if
the vegetation spectral features would appear in the
spectrum of the Earth seen as a single dot. This
question can be solved by two possible approaches.
One possibility is the use of the Earth's observation
satellite data to build synthetic Earth's spectra.
However in this case, observational data are far from
those obtained from Earth seen as a whole: the
vegetation is generally detected vertically so that
obliquity and limb effects would be missing. In
addition, the data of many satellites are very difficult to
calibrate to achieve a homogeneous flux calibration
and the cloud coverage is difficult to take into account.
Another possibility is to observe the Earth from a
spacecraft sufficiently remote to see it as a single dot.
However, no existing remote Solar System space
mission (such as Voyager or Cassini-Huygens) has the
capability (pointing and/or instrumentation) to take a
global spectrum of the Earth with a spectral resolution
> ~50 in the 500 - 800 nm spectral region.
3.

A NEW SUGGESTION: EARTHSHINE
SPECTRUM - PRINCIPLES

The earthshine, or ashen light, is the glow of the dark
part of the lunar disk visible to a nighttime observer. It
is sunlight reflected from the Earth and retroreflected
by the lunar surface. Thanks to the quasi-isotropic
diffusion of light rays when reflected on the Moon's
surface, the light rays coming from different parts of
the Earth are mixed together in the ashen light and
mimic the Earth as a single dot. So the earthshine
spectrum is the spectrum of sunshine, multiplied by the
Earth surface albedo, multiplied by the moon albedo
and transmitted 3 times through the Earth atmosphere,
whereas the moonlight spectrum is the spectrum of
sunshine, multiplied by the moon albedo and
transmitted once through the Earth atmosphere.

4.

EARTHSHINE SPECTRUM : FIRST
RESULTS

Observations have been made simultaneously by two
teams, one in France [8] using a 80 cm telescope, and
the other in the USA [9] using a 2.3 m telescope. In
both cases, the blue color of the Earth due to Rayleigh
scattering in the atmosphere, as known for a long time
[10], is visible. Signatures of ozone, molecular oxygen,
and water vapour are visible as well. A rise in albedo at
around 730 nm is also detected in data of [8] and is
interpreted as due to the signature of the terrestrial
vegetation chrorophyll: the "red edge", expected to be
between 2 and 10 % of the Earth albedo. This feature is
more important in the case of a larger observed
continents to oceans ratio. This result is very
encouraging for the detection of vegetation-like
biosignatures on extrasolar planets.
As a by-product, the Rayleigh diffusion (and planet
color in general) can be a clue for the planet’s mass.
Using the relationship between a planet atmospheric
density and its color given by Rayleigh diffusion and
atmospheric absorption, the planet mass can be
estimated within a factor 2 [11].
5.

EARTHSHINE SPECTRUM : CURRENT
STATUS AND PROJECTS

Several observational campaigns are in progress or
planned of which we mention some ones. Observations
are currently carried on by a French team using the 3.5
NTT telescope (European Southern Observatory) to
obtain more accurate determinations, on the one hand
during "morning moons" (last day of the lunar cycle)
and during "evening moons" (first days of the lunar
cycle) to compare spectra obtained when the Moon
faces oceans and faces land, and on the other hand all
the year long to detect seasonal variations. An other
project is to use the "dome C" site (75° S, 123° E) in
Antarctica to monitor the Earthshine continuously
along a full Earth rotation, to study more carefully the
ocean/land contrast.
6.

CONCLUSIONS

The detectability of an amount of vegetation similar to
Earth on an extrasolar planet has been demonstrated.
The next step will be to extend these observations to a
systematic monitoring program. From so planned
observations, it will be possible to detect seasonal
variations, long term climatic variations, evolution of
ozone, changes in vegetation. The part of the Earth
facing to the Moon being coordinated with the location
of the observing telescope, a network of telescopes has
to be used. As observations of earthshine are made near

twilight (morning and evening), that is to say outside
the time of standard astronomical observations, we
suggest to make them systematically at any
observatory. This would increase for a very small
additional effort, the scientific return of existing
observatories.
7.
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