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ABSTRACT

Amazonian forests play an important and complex role in the global carbon cycle, contributing
substantially to increases (via land use change emissions) and possibly to net sequestration (in intact
forests) of atmospheric CO,. Predicting these processes of net carbon uptake and release depends
crucially on understanding ecosystem response to both seasonal and interannual variations. However,
prominent ecosystem modeling studies of the Amazonian carbon cycle [Tian et al., 1998; Botta 2002]
appear to make seasonal predictions (wet-season carbon uptake and dry-season loss) at odds with both
some site-specific observations (which show the opposite pattern, Saleska et al., [2003]) and basin-wide
satellite observations (which imply large-scale increases in the activity of photosynthetic vegetation
during the dry season, Huete et al., [2005]).

To better understand these discrepancies, we investigated the seasonal and spatial patterns of Amazonian
forest photosynthetic activity, and the effects of land-use conversion thereon, by combining spatially
continuous satellite data from the Terra- Moderate Resolution Imaging Spectroradiometer (MODIS) with
data from a network of ground-based eddy flux towers. By using spectral information that minimizes
cloud-contamination and that does not saturate at high leaf areas, MODIS-derived indices can detect
seasonal patterns with high fidelity. Flux towers at ‘Large-Scale Biosphere Atmosphere Experiment in
Amazonia’ (LBA) research sites have now produced multi-year datasets of seasonal patterns temporally
coincident with MODIS data. Four years of MODIS-derived indices (enhanced vegetation index, EVI,
and land-surface water index, LSWI) showed higher primary forest photosynthetic activity in the dry
season than in the wet season, a broad pattern opposite to that predicted by prominent ecosystem models
which simulate dry-season declines in primary forest photosynthetic activity due to water-limitation. A
complete reversal in the primary forest EVI pattern was observed in areas converted to pasture,
agriculture, or secondary forests, where the elimination of deep roots has likely reduced vegetation access
to deep soil waters which often persist through the dry season. We used tower data over the same time
period to test the satellite-observed seasonal pattern of dry-season “green up” at specific sites, and then
used tower-derived GPP at those sites to calibrate a simple empirical model parameterized with MODIS
data (adapted from the vegetation-photosynthesis model, VPM, see Xiao et al., [2005]) to obtain basin-
wide estimates of the seasonal trend of GPP carbon fluxes, and to estimate the effect of land use changes
on these trends.
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