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Sites: boreal, temperate and tropical forests, wetlands and natural grasslands with more than 2500 daily
observations (at least 80 % of the daily half-hourly measurements are original observations). Analysis
showed that approximately six years of data was needed to estimate a robust long-term seasonal NEE
(cv [23]).

Background: The growth rate of atmospheric carbon dioxide (CO,) varies annually and most of this
variability has been attributed to CO,-fluxes between terrestrial ecosystems and the atmosphere
(Bousquet et al., 2000). Biomass burning (van der Werf et al., 2004) and climatic variability (Dai &
Fung, 1993; Kindermann et al., 1996; Braswell et al., 1997; Tian et al., 1998; Gerard et al., 1999;
Randerson et al., 1999) influence CO,-fluxes and thus the growth rate of atmospheric CO,. However,
this top-down information, mainly derived from inverse and global modeling, provides relatively little
insight into the mechanisms driving the relationships between climatic variability and terrestrial
ecosystem processes that influence net ecosystem exchange.

Although our understanding of carbon cycling in terrestrial ecosystems improved considerably since
the development of the eddy covariance technique (Baldocchi, 2003), conflicting results have been
reported regarding the relationships between climatic drivers and the inter-annual variability in NEE.
Several studies related the variability in NEE to the variability in mean monthly temperature in spring
time, summer or fall (Goulden et al., 1998; Black et al., 2000; Monson et al., 2002; Hollinger et al.,
2004), monthly radiation (Barford et al., 2001; Aubinet et al., 2002), monthly vapor pressure deficit
(Aubinet et al., 2002), summer drought (Goulden et al., 1996), snow depth in winter (Goulden et al.,
1996), leaf area index (Aubinet et al., 2002; Barr et al., 2004) and canopy duration (Barr et al., 2007).
The apparently conflicting results may at least partly be caused by the low temporal resolution used in
some analyses. Monthly or seasonal relationships between climatic drivers and NEE might be spurious
because weather and NEE vary on a day-to-day basis and longer time periods may include offsetting
positive and negative anomalies. In addition, simple relations between CO,-fluxes and single climatic
variables are not particularly helpful and do not represent the more complex interactions of multiple
climatic factors and ecosystem processes.

The net exchange of CO, between terrestrial ecosystems and the atmosphere is determined by the
difference between photosynthetic CO,-uptake and CO,-release through autotrophic and heterotrophic
respiration, which respond differently to climate and other factors (e.g. substrate availability for
heterotrophic respiration; Janssens et al., 2001; Law et al., 2002). Thus, different climatic conditions
can result in similar rates of net ecosystem CO,-exchange. Net ecosystem CO,-exchange is typically
one order of magnitude smaller than the nearly offsetting terms of photosynthesis and respiration
(Goulden et al., 1996; Valentini et al., 2000). Consequently, small changes in photosynthesis and
respiration have to be detected in order to explain relatively large changes in NEE. Nevertheless, if
climatic variability is causing anomalous NEE fluxes, the relationships between climate and flux
anomalies is likely to be revealed by analyzing high-resolution time series covering several years with
different climatic conditions.

Aims: This study proposes to use long-term (> 2000 days) NEE time series as a first step in
understanding the short-term mechanisms underlying anomalies in ecosystem CO,-fluxes. To this aim,
this study: (1) identifies and quantifies daily anomalies in NEE, (2) determines whether these are
mainly due to anomalous photosynthesis, anomalous respiration or a combination of both and (3)
identifies which combinations of climatic conditions coincide with anomalies in NEE that contribute to
the intra-annual variability in NEE.



References

Aubinet M, Heinesch B, Longdoz B (2002) Estimation of the carbon sequestration by a heterogeneous
forest: night flux corrections, heterogeneity of the site and inter-annual variability. Global Change
Biology, 8, 1053-1071.

Baldocchi D (2003) Assessing the eddy covariance technique for evaluating carbon dioxide exchange
rates of ecosystems: past, present and future. Global Change Biology, 9, 479-492.

Barford CC, Wofsy SC, Goulden ML et al. (2001) Factors controlling long- and short-term
sequestration of atmospheric CO2 in a mid-latitude forest. Science, 294, 1688-1691.

Barr AG, Black TA, Hogg EH et al. (2007) Climatic controls on the carbon and water balances of a
boreal aspen forest, 1994-2003. Global Change Biology, 13, 561-576.

Barr AG, Black TA, Hogg EH et al. (2004) Inter-annual variability in the leaf area index of a boreal
aspen-hazelnut forest in relation to net ecosystem production. Agricultural and Forest Meteorology,
126, 237-255.

Black TA, Chen WJ, Barr AG et al. (2000) Increased carbon sequestration by a boreal deciduous forest
in years with a warm spring. Geophysical Research Letters, 27, 1271-1274.

Bousquet P, Peylin P, Ciais P et al. (2000) Regional changes in carbon dioxide fluxes of land and
oceans since 1980. Science, 290, 1342-1346.

Braswell BH, Schimel DS, Linder E et al. (1997) The response of global terrestrial ecosystems to
interannual temperature variability. Science, 278, 870-872.

Dai A, Fung IY (1993) Can Climate Variability Contribute To The Missing Co2 Sink. Global
Biogeochemical Cycles, 7, 599-609.

Gerard JC, Nemry B, Francois LM et al. (1999) The interannual change of atmospheric CO2:
contribution of subtropical ecosystems? Geophysical Research Letters, 26, 243-246.

Goulden ML, Munger JW, Fan SM et al. (1996) Exchange of carbon dioxide by a deciduous forest:
Response to interannual climate variability. Science, 271, 1576-1578.

Goulden ML, Wofsy SC, Harden JW et al. (1998) Sensitivity of boreal forest carbon balance to soil
thaw. Science, 279, 214-217.

Hollinger DY, Aber J, Dail B et al. (2004) Spatial and temporal variability in forest-atmosphere CO2
exchange. Global Change Biology, 10, 1689-1706.

Janssens IA, Lankreijer H, Matteucci G et al. (2001) Productivity overshadows temperature in
determining soil and ecosystem respiration across European forests. Global Change Biology, 7, 269-
278.

Kindermann J, Wurth G, Kohlmaier GH et al. (1996) Interannual variation of carbon exchange fluxes
in terrestrial ecosystems. Global Biogeochemical Cycles, 10, 737-755.

Law BE, Falge E, Gu L et al. (2002) Environmental controls over carbon dioxide and water vapor
exchange of terrestrial vegetation. Agricultural and Forest Meteorology, 113, 97-120.

Monson RK, Turnipseed AA, Sparks JP et al. (2002) Carbon sequestration in a high-elevation,
subalpine forest. Global Change Biology, 8, 459-478.

Randerson JT, Field CB, Fung IY et al. (1999) Increases in early season ecosystem uptake explain
recent changes in the seasonal cycle of atmospheric CO2 at high northern latitudes. Geophysical
Research Letters, 26, 2765-2768.

Tian HQ, Melillo JM, Kicklighter DW et al. (1998) Effect of interannual climate variability on carbon
storage in Amazonian ecosystems. Nature, 396, 664-667.

Valentini R, Matteucci G, Dolman AJ et al. (2000) Respiration as the main determinant of carbon
balance in European forests. Nature, 404, 861-865.

van der Werf GR, Randerson JT, Collatz GJ et al. (2004) Continental-Scale Partitioning of fire
emissions during the 1997 to 2001 El Nino period. Science, 303, 73-76.



