
Z. geol. Wiss., Berlin 36 (2008) 3: 115 – 122, 2 Abb., 2 Tab.

Z. geol. Wiss. 36 (3) 2008 115

* Vortrag gehalten im Kolloquium „Probleme der Geologie“ am 9.11.2007 der Klasse Naturwissenschaften der Leibniz-Sozietät
der Wissenschaften zu Berlin e. V.

The Fate of Planet Earth

Das Schicksal des Planeten Erde*

Key words: global carbon cycle, surface temperature, life span, biosphere

SIEGFRIED FRANCK, Potsdam, CHRISTINE BOUNAMA, Potsdam & WERNER VON BLOH, Potsdam

Abstract

The general basis of this paper is the long-term evolution of the global carbon cycle from the Archaean up to about 2 Gyr into the
future and its consequences for the Earth’s climate and the biosphere. In particular, we investigate the influence of geosphere-
biosphere interactions on the life span of the biosphere. The minimal model for the global carbon cycle of the Earth contains the
reservoirs mantle, ocean floor, continental crust, biosphere, and the kerogen, as well as the combined ocean and atmosphere
reservoir. The model is specified by introducing three different types of biosphere: procaryotes, eucaryotes, and complex multi-
cellular life. During the entire existence of  the biosphere procaryotes are always present. 2 Gyr ago eucaryotic life first appears. The
emergence of complex multicellular life is connected with an explosive increase in biomass and a strong decrease in Cambrian
global surface temperature at about 0.54 Gyr ago. In the long-term future the three types of  biosphere will die out in reverse
sequence of their appearance. We show that there is no evidence for an implosion-like extinction in contrast to the Cambrian
explosion. In dependence of their temperature tolerance complex multicellular life and eucaryotes become extinct in about
0.8–1.2 Gyr and 1.3–1.5 Gyr, respectively. The ultimate life span of the biosphere is defined by the extinction of procaryotes in
about 1.6 Gyr because of an insufficiency of carbon dioxide, which the biosphere needs for photosynthesis. This point in time is
well before the sun will become a red giant.

Zusammenfassung

Die vorliegende Arbeit basiert auf  einem langskaligen Modell für den globalen Kohlenstoffkreislauf  vom Archaikum bis etwa 2 Mrd.
Jahre in die Zukunft und seinen Konsequenzen für das Erdklima und die Biosphäre. Insbesondere wird der Einfluss von Wechsel-
wirkungen im System Geosphäre-Biosphäre auf die Überlebensspanne der Biosphäre untersucht. Das Minimalmodell für den
globalen Kohlenstoffkreislauf  der Erde enthält die Reservoirs Erdmantel, Ozeanboden, kontinentale Kruste, Biosphäre, Kerogen
als auch das kombinierte Reservoir aus Ozean und Atmosphäre. Das Model wird spezifiziert durch die Einführung von drei
verschiedenen Typen von Organismen: Prokaryoten, Eukaryoten und komplexe, multizellulare Lebensformen. Die Prokaryoten
sind während der gesamten Existenzzeit der Biosphäre präsent. Vor zwei Mrd. Jahren treten erstmals Eukaryoten auf. Das erste
Auftreten von komplexen, multizellularen Lebensformen ist mit einem explosiven Anwachsen an Biomasse und einem starken
Abfall der mittleren globalen Oberflächentemperatur vor etwa 540 Millionen Jahren verbunden. In der fernen Zukunft werden die
drei Typen von Organismen in umgekehrter Reihenfolge ihres Erscheinens wieder aussterben. Wir zeigen, dass es keine Anhalts-
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punkte für ein – in Analogie zur Kambrischen Explosion – implosionsartiges Aussterben der komplexen Lebensformen geben wird.
In Abhängigkeit von ihrer Temperaturtoleranz werden die komplexen Lebensformen und die Eukaryoten in 0,8–1,2 Mrd. Jahren
bzw. in 1,3– 1,5 Mrd. Jahren aussterben. Die ultimative Überlebensspanne der Biosphäre wird durch das Aussterben der Prokaryoten
in etwa 1,6 Mrd. Jahren infolge eines für die Photosynthese der Biosphäre zu geringen atmosphärischen Kohlendioxidgehalts
bestimmt. Dieser Zeitpunkt ist weit bevor die Sonne ein Roter Riesenstern wird.

Introduction

The problem of the long-term existence of the biosphere
was first discussed by astrophysicists. They analysed the
increase of insolation during Sun’s evolution on the main
sequence (UNSÖLD, 1967). By 3.5 Gyr from now, our
central star will shine 40 % more brightly than at present.
The Earth’s surface will have reached the boiling point
of water. By then at latest, no form of organic life can
continue to exist on Earth.

Within the framework of Earth system science
(FRANCK et al., 2000; 2002) our planet is described as a
system of certain interacting components (mantle, oceanic
crust, continental lithosphere, atmosphere, hydrosphere,
and biosphere) that develops under increasing external
forcing (increasing insolation) and changing internal
forcing (decreasing spreading rate, growing continental
area). Within certain limits the Earth system is able to
self-regulate against changing external and internal
forcing. The life span of the biosphere is related to the
limits of  self-regulation. LOVELOCK and WHITFIELD
(1982) published the first estimations of the biosphere’s
life span. According to their semi-quantitative model,
photosynthesis ceases already in about 100 Myr because
the atmospheric CO2 concentration will fall below the
minimum value for C3-plants (150 ppm). The first quan-
titative model for the long-term future of the biosphere
was proposed by CALDEIRA and KASTING (1992). With
the help of a more sensitive climate model and under the
assumption of a minimum atmospheric CO2 value of
10 ppm for C4-plants, they calculated that the biosphere’s
life span extends up to about 800 Myr. FRANCK et al.
(2000) developed an Earth system model that takes
into account quantitatively the internal forcing by
geodynamics. This effect results in a reduction of the
biosphere life span from 800 Myr to 600 Myr. The biotic
enhancement of weathering and its influence on the life
span was investigated by LENTON and VON BLOH (2001).
According to their results the current biosphere should
remain resilient to carbon cycle perturbation or mass
extinction events for at least 800 Myr and may survive
for up to 1.2 Gyr. The question of the life span of the
biosphere is also connected to the question of the fate of
the Earth’s ocean. BOUNAMA et al. (2001) have shown
that liquid water will be always available in the surface
reservoirs as a result of internal processes. The extinction

of the biosphere will not be caused by the catastrophic
loss of water but by other limiting factors caused by the
external forcing of increasing solar luminosity. A natural
extension to a more specific biosphere is to introduce
three types of biosphere (procaryotes, eucaryotes,
complex multicellular life) with different temperature
tolerance windows and different biotic enhancement of
weathering.

The palaeontologist P. D. WARD and the astronomer
D. BROWNLEE recently described their view of  the “Life
and death of planet Earth” in their 2002 book of that
title. Based on scientific results and plausible speculations,
the book drew a picture of the past and future fate of the
Earth. According to WARD and BROWNLEE (2002) the
long-term future of the biosphere is in some sense a
mirror image of the history: the different biosphere types
will become extinct in reverse sequence of their appea-
rance. Its central thesis is that the geological past will to a
certain measure be mirrored in the planet’s future. This
to be sure is only true for some partial aspects and seen
rather superficially – for example, life on Earth could well
end – as it began – with single-celled organisms, or the
Earth itself may end as it began as a fiery, waterless ball.
But one thing is certain: if we want to predict the future
fate of our planet we will need computer models, which
are able to reproduce accurately the past history of the
Earth since its birth 4.6 Gyr ago. Only when we are able
to simulate the past we can extend the modelling into the
future and estimate the timeframe for the survival of the
biosphere.

Model description

The global carbon cycle model of FRANCK et al. (2002)
describes the evolution of the mass of carbon in the
mantle, Cm, in the combined reservoir consisting of ocean
and atmosphere, Co+a, in the continental crust, Cc, in the
ocean crust and floor, Cf, in the kerogen, Cker, and in the
different biospheres, Cbio,i (i = 1, . . . , n), where n is the
number of the distinct parameterized biosphere types.
The equations for the efficiency of carbon transport
between reservoirs take into account mantle de- and
regassing, carbonate precipitation, carbonate accretion,
evolution of continental biomass, the storage of dead
organic matter, and weathering processes.


