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To investigate the system performance at the ecoregion scale, we analyzed the prior and optimized fluxes for each
aggregated Olson ecoregion types when performing the runs using different prior BCs (including the different settings “flux-
only” and “flux+BC”) and different prior net biosphere fluxes (including fluxes simulated by different biosphere models and

a series of modified SIBCASA fluxes) shown in Figs. S1-4.



Tests with different prior BCs [flux-only]
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Figure S1. The time series of prior and optimized net biosphere fluxes of major aggregated ecoregions for the "flux-only" runs using three
different prior BCs (CT2013B, CTE2014, and EMP). The differences caused by different prior BCs are significant in optimized fluxes per
aggregated Olson ecosystem types, e.g. the deviations in the Boreal Forests/Wooded during June-September, the Temperate
Forests/Wooded during June-July and the Temperate Grass/Shrubs during June-July.
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Tests with different prior BCs [flux+BC]
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Figure S2. The time series of prior and optimized net biosphere fluxes of major aggregated ecoregions for the runs "flux+BC" using three
different prior BCs (CT2013B, CTE2014 and EMP). Compared with the results shown in Figure S1, the additional BC optimization
further constrains the magnitude of the fluxes, e.g. the August - September uptake by Boreal Forests/Wooded is reduced for the runs with

the prior BC CTE2014.



Tests with different prior fluxes
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Figure S3. The time series of prior and optimized fluxes of major aggregated ecoregions for the runs with three different prior biosphere
fluxes (SiBCASA, SiB3 and CT2013B-avg). The optimized fluxes at most ecoregions are closer to each other than the prior fluxes, except
for the Boreal Tundra/Taiga during July-October, which could be due to sparse observations in that region.



Tests with modified SiBCASA prior fluxes
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Figure S4. The time series of prior and optimized fluxes of major aggregated ecoregions for the runs with three different modified
SiBCASA prior fluxes. The optimized fluxes largely agree with each other for all ecoregions despite the large differences in prior fluxes.
A better agreement in the optimized fluxes is seen than from different biosphere models shown in Figure S3. This comparison indicates the
spatial distribution of prior fluxes has a significant impact on the optimized fluxes.



