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Carbon Fluxes of the Eurosiberian Region
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The Kyoto protocol and the agreement reached at Bonn requires an assessment of the
net carbon balance at different scales, ranging from projects and nations to continents. In
the following we give an overview about the biological control of net carbon fluxes.
Depending on the processes under consideration, these range from gross primary productiv-
ity, GPP (photosynthesis), and net primary productivity, NPP (plant growth), to net
ecosystem productivity, NEP (CO, assimilation minus heterotrophic respiration), and net
biome productivity, NBP, including non-respiratory losses, such as by harvest and fire.
We give an overview about the quantification of these processes based on Europe and
Siberia. The Kyoto commitment is focused on the woody component of NPP, which is in
the order of 1 to 2t C ha=! year™!. But, if all respiratory and non-respiratory losses are
considered, the NBP decreases to less than 0.5t C ha~! year™!. Given the uncertainty of
the assessments, and the difference between NPP and NBP it appears questionable to
include biological sinks into the carbon accounting of fossil fuel emissions.
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THE CARBON CYCLE IN THE CONTEXT OF THE KYOTO PROTOCOL

The carbon cycle of the terrestrial biosphere has received increasing attention with the
debate over and the agreement on the Kyoto protocol, which aims at balancing the fossil fuel
reduction commitment against human induced increases in the sink activity of terrestrial
ecosystems. This general aim puts new constraints on the carbon cycle research, because a
regional assessment and verification is needed (Schimel et al., 2001 ; Schulze et al., 2002a).
Also, a separate assessment of “human induced activities since 1990” will have to be measured
against a high level of background carbon assimilation. Even though only a small fraction
of the total sink activity is accountable, an assessment of the full carbon cycle and a C-balance
remains an important issue in the verification process, because emissions from land-use may
not be fully reported.

Given the political environment, in which the global C-cycle has become a key issue for
management decisions, the EU project cluster CarboEurope has received major attention for
quantifying the carbon sink of northern Eurasia. This project was established as a feasibility
study to explore ways of quantifying sources and sinks on a continental scale (http ://www.
bgc-jena.mpg.de/public/carboeur/). Thus, this paper presents comparative data of C-fluxes
over Eurasia in order to point at inherent difficulties and limitations when extrapolating from
research and inventory plots to regions and when downscaling inversion models to the land
surfaces.
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DEFINITIONAL ISSUES : WHO MEASURES WHAT ?

Terrestrial sinks or sources can be viewed on the basis of ecosystem processes (Schulze and
Heimann, 1998 ; Schulze et al., 2000), and Fig. 1 illustrates the compartments that are integrat-
ed by Gross Primary Productivity (GPP), Net Primary Productivity (NPP), Net Ecosystem
Productivity (NEP) and Net Biome Productivity (NBP). There are different approaches, by
which these sink/source terms are being measured. Each approach contains some additional
compartments or neglects some component which are part or not part of the original definition.
This makes it very difficult to assess and compare data. In the following all data are converted
to fluxes per hectare in order to avoid additional confusion about the assessment of total areas.

Following approaches are available. The inversion models (e.g. Gurney et al., 2002)
assess fluxes at continental scale, and this includes fossil fuel emissions. The climatology of
carbon dioxide (CO,) in the troposphere will be the ultimate parameter for verification if the
human induced changes of the carbon cycle were of success. The fluxes, which are derived
from tropospheric CO, concentrations and isotope composition contain major uncertainties,
but remain an ultimate check where on earth assimilation and emissions take place. The
convective boundary layar (CBL)-budgeting method (Laubach and Fritsch, 2002) has similar
scope as the inversion models, but can only be carried out during short campaigns. At present
it is not an appropriate tool to derive long-term budgets, but the CBL methodology links
process studies at canopy scale with fluxes derived from inversion models, and it thus becomes
an important verification tool (see also Table 2).

The eddy-covariance flux method (Valentini et al.,, 2000b) is closest to the process
definition of NEP, and it can be used to estimate NBP if harvest and non-respiratory losses are
subtracted. However, also this method has its uncertainties when long-term budgets have to
be quantified because the determination of the respiratory fluxes remains difficult. Also, in a
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Fig. 1 Schematic presentation of the component fluxes being measured by different methodologies.
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variegated landscape, the measuring point may be affected by advection from other ecsystems.

Ecosystem approaches (Schulze, 2000) give insight into the component fluxes, including
soils, but processes are generally investigated on small plots which may not represent the
landscape, and often do not include the full management cycle ranging from regeneration and
thinning to harvest. However, multiple plots can be studied, which cover the variation of a
landscape or of the ecosystem type under investigation. Present studies anticipate to cover the
long-term development by the study of chronosequences. Nevertheless, research plots will
always represent a selected range of conditions. The ecosystem approach derives the different
productivity values from the study of plant growth, including fine root turnover, and carbon
mineralization (decomposition). The errors involved in fine root and mineralization studies
are large. Thus, also ecosystem studies carry a high degree of uncertainty.

Forest inventories (FAO, 2000 ; Shvidenko et al., 2001) are based on a large geographic
scale, and respect national boundaries. They provide data on standing stem volume, incre-
ment of stem volume and harvested volume. Stem volume is expanded to whole tree volume
of woody tissues, which is then converted into carbon stored by accounting for woody density
and carbon concentration. There are two major ways of deriving carbon fluxes based on
these data. (1) The difference in tree carbon stores at two points in time is given as a proxy
for NBP. (2) The sum of stem volume increment and annual fellings expressed in carbon
units is referred to as net annual increment, which may be equated with NPP of woody
biomass compartments. Both approaches suffer from the inaccurracy inherent to expansion/
conversion factors used. However, expanding from the measured data of stem wood volume
to carbon in woody biomass includes a number of assumptions on wood density and on the
ratio between woody biomass (stem, branches, twigs, stump and coarse roots) and stem
volume, which depend on species, stand age and site conditions. This conversion can only be
aggregated into a single number with major uncertainty. An additional difficulty arises in
approach (2), since it employs biomass expansion factors to calculate allocation based on
biomass distribution but do not reflect growth allocation patterns.

Net biome productivity determination based on soil data has also its intrinsic uncertainty
based on the variability in soil carbon. In addition, if the estimate is based on black carbon,
the methodology of the chemical analysis remains critical.

THE EURO-SIBERIAN CARBON FLUXES

The scaling problem

NPP decreases when plot studies are compared with large scale inventories (Fig. 2). Plot
studies are designed to investigate specific processes, and they are not selected to represent a
landscape average. Therefore it is not a surprise to see that landscape averaged NPP is
different from NPP observed on plots. The large difference is explained by the fact, that plot
studies include turnover of leaves and roots while inventories focus on stems. The data of
inventories and plots are much more consistent, if only stem growth is being compared.

NEP is only available for plot studies, and there is no immediate equivalent value for
inventories. The NEP flux is about 50% of NPP, which is consistent with earlier predictions,
although the rates are higher than expected. It is interesting to see that also unmanaged
forests of Siberia remain a significant C-sink at the ecosystem level. The data of Siberia and
Europe were mainly taken in old stands, and there are only few campaigns on young forests.
In Siberia, the highest rates of canopy flux were observed in 70 year old stands. Regenerations
after logging were carbon neutral at least for 14 years (Valentini et al., 2000a). Thus, by
focussing on old stands, the average NEP of the eddy flux network will most likely overesti-
mate the regional flux.
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F, fine root; R, compartments other than leaf and wood; T, total.
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Estimates of NBP are surprisingly close, if ecosystem level studies, inversion models and
forest inventories are compared for West Europe.  Similar to NEP, also NBP does not contain
the information where the carbon is being stored. It could be in stems of old trees, in the
organic layer above mineral soil or in charcoal after fire. It is to be expected that part of this
carbon is sensitive to changes in management and climate. The mean residence time of this
carbon that is associated with NBP remains uncertain. If the NBP flux was calculated only
on the bass of old soil C, the fluxes would be much lower (Schulze et al., 1999). Apparently,
there is an NBP flux in the order of 0.5t C ha~!year~!. It will be very difficult to identify and
verify the human induced flux since 1990 for NBP.

To our surprise, in Siberia NBP as derived by inversion models appear to indicate a
higher flux than NBP derived from experimental plots. One reason for this observation may
be that the highest NBP flux was observed for Sphagnum bogs. This number cannot be
extrapolated to the conditions of the northern tundra, and the fate of organic soils under forest
remains an issue which needs further consideration. Forests on organic soil that have been
studies appear to be a C-souce (Valentini et al., 2000a, b ; Milyukova et al., 2002). At this
moment we do not even know the area of forests that grow on peat.

European versus Siberian fluxes

The quantification of continental fluxes is based on an assessment of the areas of different
land use and the carbon pools that exist on these areas above- and below-ground. It is
assumed that most other C-compartments of these ecosystems, such as soil C, correlate with the
C-pool of the plant cover, which has its limitation for organic soils (peat) and for heavily
managed systems. In the following we will focus on forests and wooded lands and to some
extent bogs, because it is felt that managed grasslands may be close to carbon neutral. It is
known that agricultural lands are a C-source (IPCC, 2000), but the magnitude of this flux
remains to be studied in future.

The assessment of forest area remains uncertain (Table 1), and it depends on the definition
of forest area. Based on the FAO definition, Europe and Russia (including CIS countries and
Siberia) have a total area of forest and wooded land of 1.15X 10° ha, of which 1.03 X 10° ha
are proper forest. Thirty-six point eight percent of the total land area is wooded land. If one
included orchards and other woody cultivations as a consequence of forest definitions inherent
to the Kyoto protocol this number will increase in an yet unknown manner (see also Schulze
et al., 1999, 2002a).

Only the above-ground biomass of proper forests has been determined fairly accurately.
Above-ground biomass is on average 75 to 84% of total woody biomass. However this
number does not include foliage of leaves and needles nor fine roots. It is promising, that the
biomass estimates on an area basis are consistent (Table 1). It becomes also apparent, that
some of the plot scale studies (e.g. the CANIF study : Schulze, 2000) are based mainly on old
stands which have a much higher biomass than the average ensemble of age-classes in Europe.
The average biomass of the Euroflux sites is still under assessment. In these cases, it will be
necessary to consider the change in biomass over time when interpreting the flux data.

A comparative analysis of the flux data (Fig. 2) indicates, that all fluxes (NPP, NEP and
NBP) are higher in Europe than in Siberia, which compensates part of the Siberian advantage
of being larger. The difference in fluxes is mainly due to the difference in length of the
growing season (Schulze and Schimel, 2001), and not due to age structure. Siberia has larger
areas of unmanaged forest than Europe, and young forests regenerating after logging or fire are
not necessarily a C-sink at the NEP level (Schulze et al., 1999 ; Valentini et al., 2000a ; Wirth
et al., 2002). Also, unmanaged forests of Siberia have an age structure, which is determined
by a fire cycle. This age structure could be such that stands consist of a single even-aged
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Table 2 Verification of fluxes across scales.

Region Ecosystem Canopy-flux CBL-flux
Siberia (Zotino) = —0.05" forest; —0.03 bog —0.049" (mg m2%s7!)
Germany (Hainich) — —0.932 forest —0.72» (mg m~2s7!) forest+ag
Siberia (Zotino) —0.93» —0.58% (t C ha™! year™!)
Italy (Collelongo) —5.40% —5.65% (t C ha™! year™')
! Styles et al., 2002 ; # Laubach and Fritsch, 2002 ; ¥ Wirth et al., 2002 ; ¥ Arneth et al., 2002 ; ® Schulze,

2000.

cohort, as it is frequently the case in pine and larch, or that uneven-aged stands emerge, which
are similar to forests that are managed by selection cutting, in which young and old trees form
a mixed canopy. Obviously, the unmanaged forest of Siberia is a carbon sink irrespective of
the method used to estimate the carbon balance. This contradicts the view, that “overmature”
forests may be carbon neutral. The forest terminology based on “maturity” of the forest is
oriented towards harvest and not meant to make inferences on sink/source dynamics.

The variation of the different investigations is not only due to the components being
measured by different approaches, but also due to the fact that some uncertainty exists if the
same region is being measured by different methodologies. Only few direct comparisons
show agreement (Table 2). When a variegated landscape of forest and bogs was measured in
Siberia, the 24-h fluxes were very close between CBL-budgets and forest eddy flux, but the
CBL-budget for forest alone was about 20% higher than the surface flux if it is considered that
bogs cover about 50% of the landscape. In Germany the CBL budget was lower than the
eddy-flux by about 20%, but this was due to harvested fields surrounding the forest. Compar-
ing ecosystem and eddy flux budgets, both estimates are very close, if the measurements take
place in the same stand. The difference was larger for bogs in Siberia, but in this case the
inventory measured the raised hummocks but not the wet depressions of the same bog.

CONCLUSION

We conclude from the EuroSiberian Carbonflux data that
— pristine forests of Siberia are a carbon sink. Human induced changes in land-use (cutting
and regeneration of these forests) may result in a decrease of this flux.
— the study of NPP is not sufficient to characterize a plot or a landscape as C-sink.
— the approaches to quantify NBP converge to rather consistent numbers, which range for
Europe at about 0.5t C ha=! year~!. The larger flux as observed by eddy covariance (2.5t C
ha~! year™?) needs to be corrected for differences in C-stocks. NBP for Siberia ranges between
0.1 and 1t C ha™! year™', with Sphagnum bogs being the largest sink.
— the uncertainties which are inherent to any regional flux estimate can only be reduced by
using a range of methodologies for prediction and verification of the same entity.
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