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[1] Observed correlations between atmospheric concentrations of CO2 and CO represent
potentially powerful information for improving CO2 surface flux estimates through
coupled CO2-CO inverse analyses. We explore the value of these correlations in
improving estimates of regional CO2 fluxes in east Asia by using aircraft observations of
CO2 and CO from the TRACE-P campaign over the NW Pacific in March 2001. Our
inverse model uses regional CO2 and CO surface fluxes as the state vector, separating
biospheric and combustion contributions to CO2. CO2-CO error correlation coefficients
are included in the inversion as off-diagonal entries in the a priori and observation error
covariance matrices. We derive error correlations in a priori combustion source estimates
of CO2 and CO by propagating error estimates of fuel consumption rates and emission
factors. However, we find that these correlations are weak because CO source
uncertainties are mostly determined by emission factors. Observed correlations between
atmospheric CO2 and CO concentrations imply corresponding error correlations in the
chemical transport model used as the forward model for the inversion. These error
correlations in excess of 0.7, as derived from the TRACE-P data, enable a coupled CO2-
CO inversion to achieve significant improvement over a CO2-only inversion for
quantifying regional fluxes of CO2.
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1. Introduction

[2] Measurements of atmospheric composition provide
powerful constraints to improve understanding of surface
fluxes of trace compounds and their subsequent fate in the
atmosphere. Recent studies have exploited these data by
employing an inverse model approach [Bousquet et al.,
1999; Gilliland et al., 2003; Palmer et al., 2003], in which
a chemical transport model (forward model) is used to relate
the sensitivity of an observed chemical concentration mea-
surement to changes in particular model parameters (e.g.,
surface fluxes). An optimal estimation inverse model then
combines this sensitivity information with the observations
to yield the solution that is most consistent with the
observations, the a priori information about the model
parameters, and their relative errors. Estimated error vari-

ance and covariance information is included in the inversion
via the a priori and observation error covariance matrices.
Previous studies that analyzed correlations between differ-
ent trace gases [e.g., Ciais et al., 1995; Enting et al., 1995]
did not take advantage of these additional correlations in
inverse model analyses. These correlations can arise from
having similar spatial and temporal flux distributions, from
chemical mass balance, or from atmospheric transport
processes. Exploitation of these correlations in an inverse
model involves quantifying the associated error correlation
coefficients to include in the off-diagonal entries to the a
priori and observation error covariance matrices.
[3] We present in this paper a method to objectively

quantify error correlations between CO and CO2 as con-
straints in inverse model calculations for the budgets of both
gases. Carbon dioxide over continents is released by com-
bustion and biospheric respiration, and is taken up by
photosynthesis. Over many regions of the world these
combustion and biogenic fluxes overlap significantly. Sep-
aration of these fluxes in inverse analyses of CO2 observa-
tions can therefore be difficult. Combustion is a source of
CO and CO2, with the CO emission ratio decreasing with
combustion efficiency. Biospheric fluxes of CO are small.
Here we use the error correlation coefficients between CO
and CO2 in an inverse model analysis to estimate simulta-
neously CO and CO2 fluxes with the principal purpose of
reducing uncertainty of combustion and biospheric CO2
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