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The components of the carbon dioxide global cycle are briefly outlined and
characterized. The turnover time and the adjustment time for atmosphere, ocean surface
and biosphere are determined and evaluated. Anthropogenic carbon dioxide emissions
and their distributions in the carbon cycle reservoirs are described and their evolution in
the past and in the future is discussed. Radiative impacts and carbon dioxide share
evolution in the growing greenhouse effect on global climate are assessed for their
current state and for their projections into the twenty-first century, according to the
known IPCC (Intergovernmental Panel on Climate Change) scenarios.
1. Introduction

Carbon dioxide CO2 is a colorless gas with a slight acidic smell and taste. Its density is
1.5 times that of air density. At 20 oC temperature, 0.88 liters of gas is dissolved in one
liter of water. At -78.5 oC and normal atmospheric pressure, CO2 transforms into a
snow-like mass, bypassing the liquid state. CO2 comprises 10-16% by volume, of the
gaseous product, as a result of total carbon combustion (with air)
Carbon dioxide is the main component of global greenhouse gases in the atmosphere; it
has increase during the last two centuries due to anthropogenic causes. Since the
beginning of the industrial era, background CO2 atmospheric concentration increased by
about one third and is now the highest in all the current Quaternary geological period.
This CO2 content enhancement forms more than the half of the total global Radiative
Forcing produced by all the atmospheric greenhouse gas anthropogenic increases.
The CO2 (and also methane CH4) atmospheric content relative to rapid changes in the
current industrial era disturb noticeably the carbon cycle exchange between the
geospheres which is extensively studied now. Carbon dioxide is the main source of the
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biota mass production by photosynthesis and also the principal product of the “living
matter” degradation. The CO2 exchange rate between the atmosphere and ocean waters
depends also on the temperature of the sea surface. The CO2 flow from the atmosphere
to cold waters occurs in high latitudes and in temperate latitudes in winter; the opposite
flow takes place there in summer and all the year in tropical waters. These processes
cause a significant seasonal oscillation of CO2 concentration in the lower atmosphere
with amplitudes decreasing from north to south. Seasonal minima (maxima) occur at the
end of the northern hemisphere summer (winter). These distributions show the
predominance of the CO2 exchange between the atmosphere and the land biota
(vegetation) over other exchanges of atmospheric CO2 with underlying surface. These
seasonal CO2 oscillations do not penetrate into the upper troposphere and stratosphere
and have no practical influence on the Radiative Forcing of CO2 increase.
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According to some studies the CO2 atmospheric content growth may enhance the
photosynthesis intensity and the global land vegetation mass together with the oceanic
CO2 uptake. This makes a negative feedback in the global carbon cycle dynamics.

2. Carbon dioxide sources and sinks

CO2 is the main component of carbon cycle exchange between geospheres, namely
among atmosphere, ocean (surface layer and deep waters) and biosphere (long- and
short-lived vegetation). The external natural input in this cycle is due to mostly rocks
weathering and volcanic eruptions; fossil fuel burning and cement production are the
main anthropogenic external sources. Other numerous sources of anthropogenic origin,
such as biomass burning or soil humus ploughing in agricultural practice together with
forest cutting are only transferring carbon and CO2 between the carbon reservoirs.
The carbon contents in reservoirs and the rates of carbon exchange between them are
demonstrated in Figure 1.

These averaged numbers are interannually fluctuating being coupled with climatic
system component interactions. The rates of carbon exchange determine such important
parameters as turnover time τ = M/R of a mass M in a reservoir, where R is the rate of
its removal from there. The adjustment time τa is the decay time of a mass
instantaneously introduced in a reservoir. Both are often called as “life time” of a mass,
but e.g. for CO2 in the atmosphere they are different: τ ≈ 5 years but τa ≈ 100 years due
to subsequent CO2 return in the atmosphere from its other reservoirs. From Figure 1 it
may be estimated τ = 10 years for surface ocean and τ = 35.5 years for the land
biosphere. CO2 has the longest “life time” in the deep ocean and its sediments, having
the turnover time of about 400 years and much more long adjustment time. Due to that
all the external anthropogenic carbon, injected into the Earth carbon cycle, will be
stored in the latter reservoir.
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Figure 1. The global carbon cycle scheme, showing the reservoirs (Gt C in frames (1 Gt
= 1015 g)) and fluxes (Gt C yr-1 as arrows) relevant to annual averaged anthropogenic
perturbation over the period 1980-1989. Many of key fluxes are fluctuating significantly
from year to year. From Climate change 1995 (1996). The science of climate change
/Eds. Houghton J.T., Meira Filho L.G., Callander B.A., Harris N., Kattenberg A., and
Maskell K. - Cambridge University Press, UK, 572p.

Recent estimations of annual CO2 release in the atmosphere from fossil fuel burning and
cement production in 1980-1989 amounted to 5.5±0.5 Gt C yr-1 and from changes in
land use (in tropics) 1.6±1.0 Gt C yr-1. From the sum of emissions 7.1±1.1 Gt C yr-1 ,
3.3±0.2 (46.5%) is stored in the atmosphere; 2.0±0.8 enters the ocean; 0.5±0.5 enters
Northern Hemisphere forest regrowth and the residual 1.3±1.5 Gt C yr-1 relates to
various terrestrial sinks (e.g. CO2 fertilization of vegetation) difficult to account.
-
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