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The performance of current state-of-the-science global models in the transport of CO2 induced by mid-latitude, synoptic-
scale weather systems remains unclear but important for estimating regional and global carbon budgets. Here, we evaluate
simulations from nine models that participated in the Orbiting Carbon Observatory-2 model intercomparison project (OCO-2
MIP version 9) with intensive aircraft measurements in multiple seasons collected from the Atmospheric Carbon Transport
(ACT)-America mission. We study the ability and fidelity of global models in simulating the spatial distribution and
variability of CO2 mole fractions in mid-latitude cyclones. Our results show that the OCO-2 MIP models are able to simulate
observed CO2 frontal differences but with varying degrees of success in summer and spring. All models tend to
underestimate observed CO2 frontal differences in winter and fall. The GEOS-Chem models underestimate the frontal CO2

differences in summer possibly due to biases in transport. The models often underestimate the observed boundary layer-to-
free troposphere CO2 differences in spring and autumn, which is likely associated with model biases in boundary layer
height, but attribution of the causes of model biases in other seasons remains challenging. Posterior fluxes constrained with
different data sources do not change the model performance, suggesting that transport errors, prior fluxes, and inversion
algorithms appear to be the primary cause of these biases. The metrics presented in this study yield new insights into the
ability of global atmospheric inversion systems to reproduce the CO2 structure of mid-latitude weather systems, a key
component of greenhouse gas transport within and across the mid-latitudes. Controlled experiments will be needed to link
these results more directly to the accuracy of regional or global flux estimates.

Figure 1. Figure 1. Latitude-height
curtains of model-simulated [CO2]
(color shading) from the OCO-2 MIP IS
experiment along the flight track
crossing the mid-west on August 4, 2016
(purple line in Figure 8). The color-
coded circles denote measurements of
[CO2] by two aircrafts (C130 and
B200), the dashed line represents the
boundary layer height derived from
measurements by the airborne lidar on
C130, the solid grey lines denote model-
simulated boundary layer height, and the
white lines are isentropic surfaces.


