We thank the reviewer for providing constructive comments on our manuscript. The
reviewer highlights some key challenges involved in a study like ours. We present our
responses below. Reviewer’s comments are in italics.

[MaC1]: Authors treat GPP from FLUXNET La Thuile data set as ground truth, and their
conclusion need to take cautions. Firstly, GPP from eddy flux towers are not directly
measured but derived by combining empirical models with measured NEE and other
environmental variables. As to the uncertainties in La Thuile GPP dataset, there has been
debate between scientists who are in charge of individual eddy flux towers and those
who want to generate a sort of “uniform” GPP data set from eddy flux towers, such as
FLUXNET La Thuile dataset. The formal argued that they know their sites and thus a
unique method and night-time wind speed threshold should be applied to derive GPP for
their tower sites; whereas scientists who proposed La Thuile dataset use a uniform
method across all towers to derive GPP. Thus how much confidence we have in the GPP
from La Thuile is an open question.

The reviewer correctly points out that GPP in the La Thuile dataset is not measured. The
reviewer is also right that some scientists managing eddy covariance towers disagree
with the common method used in processing the La Thuile dataset. We will
acknowledge these in the revised manuscript and will replace L 7-13 on page 11632 with
the following paragraph:

“Our analysis is based on measurements included in the FLUXNET “La Thuile” dataset.
(http://www.fluxdata.org/SitePages/AboutFLUXNET.aspx). This dataset contains
measurements of net ecosystem exchange (NEE) and near surface meteorology for 247
sites encompassing approximately 850 site-years of data since 2000. The dataset uses
an empirical temperature response function to model ecosystem respiration (Reichstein
et al., 2005), and estimates GPP as the residual of the sum of measured NEE and
modeled respiration. The temperature response function is calibrated using nighttime
data when winds are usually low and assumes that the calibrated relationship holds
during daytime. It is worth noting that some site investigators are not in full agreement
regarding the method used to model respiration in La Thuile dataset. To address these
concerns, efforts to refine and improve respiration estimates are underway. Until these
revised data are available, however, the La Thuile dataset is the only reference dataset
available for this type of study. Most importantly, the La Thuile data set has been
widely used, including in a number of high-profile synthesis studies (e.g., Beer et al.,
2010). We therefore believe that the GPP data used here are of sufficient quality to
meet the needs of this study, although we recognize that it includes errors and
uncertainties associated with modeled respiration. To minimize these errors, we only
included sites with high quality data and identified a subset of 176 sites with 515 site-
years of data where each site-year satisfied two conditions: (i) more than 95 % of the
days had daily GPP data, and (ii) the mean daily quality flag was more than 0.75
(Richardson et al., 2010).”



[MaC2]: Secondly, there is a scale issue involved in comparing MODIS data with GPP
from eddy flux towers. The location and size of footprint of the fluxes measured at
towers are different from each other and highly dynamics which is influenced by i) site
topography and homogeneity; ii) wind speed and direction; and iii) height of eddy flux
towers. On the other hand, MODIS 500-m or 1-km data is in fact not 500-m or 1-km due
to low frequency of nadir pixels (Tan et al., 2006). Therefore, in some cases, a direct
comparison between MODIS data and GPP from eddy flux towers is problematic though
almost all related studies follow such direct comparison.

The reviewer is right in pointing out gridding artifacts in MODIS and mismatch in scale
between MODIS pixel and tower footprint. We specifically recognise this issue in our
conclusion and suggest that Landsat data can provide an improved basis for assessing
models with eddy flux data. However, high frequency global scale assessments are
currently not feasible with Landsat and MODIS is far and away the most widely used
source of remotely sensed data for studies of this nature. Thus, the community needs to
get an assessment of the accuracy and reliability of MODIS-based estimates. The
challenge in any study that combines MODIS and FLUXNET data is to minimize the
effects of gridding and mismatch in scale.

One of the many advantages of taking a 3 by 3 window is that the mean quantity is less
likely to be influenced by signal from outside the window due to gridding. Moreover, as
the reviewer also suggests, mismatch in scale in itself is not an issue in validating
predictions of models that use MODIS data. In a homogeneous landscape even if the
tower footprint is significantly smaller than MODIS pixels we can compare the two with
a great deal of confidence. The mismatch in scale becomes an issue because of
landscape heterogeneity. As we describe in the text, we attempt to reduce the effect of
landscape heterogeneity by removing sites that are excessively heterogeneous. For the
sites included in the study, we provide estimates of site heterogeneity in every biome in
Figure 2. This information can be combined with the results to get an idea of the role of
landscape heterogeneity. However, our analysis suggests that landscape heterogeneity
is unlikely to be a significant source of disagreement between MODIS results and the in-
situ GPP data.

[MaC3]: But for the study of inter-anuual variability, a subtle year-to-year change, both
uncertainties in GPP from La Thuile and mismatch in scale become a major issue.
Therefore, authors should state the uncertainties of using “exceeded +-10% of mean
annual GPP at each site” to represent the large anomalies since they don’t know how
much uncertainties in the GPP from La Thuile dataset as to inter-annual variability.
Therefore, authors should state the uncertainties of using “exceeded +-10% of mean
annual GPP at each site” to represent the large anomalies since they don’t know how
much uncertainties in the GPP from La Thuile dataset as to inter-annual variability.

We acknowledge that there is uncertainty in GPP and refer to relevant studies (L 25-28
on page 11636 and L 1-11 on page 11637). Our assertion is based on these studies. For
example, Papale et al. (2006) also show that any GPP anomaly greater than 100 gCm™ at



annual scale reflects a true signal. The mean annual site GPP in every biome is close to
or above 1000 ng'2 (Table 4). Thus, the threshold of 10% corresponds to a mean
absolute anomaly greater than 100 gCm™. We recognise that these general statistics do
not provide conclusive evidence. However, characterizing uncertainty in flux tower data
is an active field of research that is well outside the scope of this study. Our argument
that large anomalies (>10%) have high signal to noise ratio is thus based on the best
published evidence that is available.

[MaC4]: They also need to clearly state the cautions of their conclusions in the abstract
due to the two major is- sues | stated above, though continuous refinement of remote
sensing-based methods for monitoring GPP is another issue.

We concur with the reviewer and will modify the abstract appropriately in the revised
manuscript.
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