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We use a newly-developed ensemble-based mesoscale modeling system to analyze the cause of the large uncertainties in
atmospheric estimates of the terrestrial biospheric fluxes over North America. We first quantify the uncertainty from
biospheric fluxes, transport, boundary conditions, and fossil fuel emissions on the simulated atmospheric carbon
dioxide (CO2) concentrations, based on the ESRL/GMD tall tower measurements of CO2 concentration. We determine the
optimal time scale for atmospheric inversions to inform terrestrial biospheric flux estimates. The monthly-to-seasonal scale
maximizes the potential to detect and potentially improve flux estimates for the terrestrial biosphere contribution. We
demonstrate the importance of fossil fuel emissions uncertainties. The fossil fuel emissions uncertainty may have been
underestimated in past inversions, limiting the ability to isolate the biospheric contribution from total atmospheric CO2. Our
results demonstrate the potential of regional atmospheric modeling systems to improve the phenology and climate response
of the terrestrial biosphere to climate anomalies and, in turn, provide more accurate estimates of carbon sinks at national to
continental scales. Our finding can inform the design of sampling strategies for atmospheric CO2 mixing ratios, specifically
where and when to observe in order to optimally constrain the different contributors of the overall observation uncertainty.

Figure 1. Root-mean-square errors of modeled atmospheric CO2 mixing ratios varying with time scales against the
ESRL/GMD tall tower CO2 mixing ratio measurements, presented for four modeling components of the domain-limited
simulations, i.e. uncertainties from transport model, biogenic fluxes, fossil fuel emissions, and the boundary conditions.  
 


