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(Abstract)

We report the calculation of spectra for various extrasolar Earth-like planets, which characterize their
temperatures and atmospheres for evidence of habitability and life. Future space missions such as Darwin
and Terrestrial Planet Finder (TPF) will ultimately offer the opportunity to obtain spectra of extrasolar
planets situated within the habitable zones of stars and search for signs of life. The atmospheric
biosignatures such as ozone, carbon dioxide, and methane, which are abundant in the Earth, could be
attributable to primitive life in extrasolar terrestrial planets. In order to explore the possibility of
diagnosing the existence of life from spectra, we have calculated synthesized global spectra for
hypothetical terrestrial planets. We performed calculations of radiative-convective equilibrium and
radiative transfer, taking into account the global cloud distribution, viewing angles, seasonal variation in
solar insolation and surface temperatures, and consequently, the infrared radiation emitted to space. The
Earth is our only example of a planet whose atmospheric composition is the consequence of the supply of
gas from the presence of life. We examine characteristics for the anoxic / low-oxygen atmosphere of the
Archean / Proterozoic Earth with the evolution of oxygenic photosynthesis using the photochemical
models coupled to radiative-convective equilibrium code. We compare the derived atmospheric spectral
feature of extrasolar Earth-like planets with different age and discuss the detectability of atmospheric
constituents of extrasolar terrestrial planets.
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Fig. 1 Comparison of globally averaged infrared
spectra with and without cloud. The brightness
temperature of infrared spectra with cloud
distributions (blue dotted line) is lower than that of
clear spectra (red bold line). In addition, the cloudy
spectra show apparent shallow depth of ozone
absorption.
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Fig.2 Comparison of the vertical temperature profile
for the present Earth (red bold line), 0.1 times the
present atmospheric level (PAL) of oxygen(green
dashed), 0.01 PAL of oxygen (blue dotted), 0.001
PAL of oxygen (pink small dotted), and 0.0001 PAL
of oxygen (light blue dash-dotted). For the case of
lower atmospheric concentration of oxygen, which
corresponds to the low concentration of ozone, the
stratospheric temperature is significantly lower than
the present Earth.
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