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Sensitivity of inverse estimation of annual mean CQO, sources and sinks
to ocean-only sites versus all-sites observational networks

Prabir K. Patra,' Kevin R. Gurney,” A. Scott Denning,> Shamil Maksyutov,*"*
Takakiyo Nakazawa,*” David Baker,® Philippe Bousquet,” Lori Bruhwiler,®

Yu-Han Chen,’ Philippe Ciais,’ Songmiao Fan,' Inez Fung,11 Manuel Gloor,'?
Martin Heimann,'? Kaz Higuchi,13 Jasmin John,'! Rachel M. Law,'* Takashi Maki,'?
Bernard C. Pak,'® Philippe Peylin,” Michael Prather,'® Peter J. Rayner,"*

Jorge Sarmiento,'® Shoichi Taguchi,17 Taro Takahashi,'® and Chiu-Wai Yuen'?

Received 5 December 2005; accepted 12 January 2006; published 14 March 2006.

[1] Inverse estimation of carbon dioxide (CO,) sources
and sinks uses atmospheric CO, observations, mostly made
near the Earth’s surface. However, transport models used in
such studies lack perfect representation of atmospheric
dynamics and thus often fail to produce unbiased forward
simulations. The error is generally larger for observations
over the land than those over the remote/marine locations.
The range of this error is estimated by using multiple
transport models (16 are used here). We have estimated the
remaining differences in CO, fluxes due to the use of ocean-
only versus all-sites (i.e., over ocean and land) observations
of CO, in a time-independent inverse modeling framework.
The fluxes estimated using the ocean-only networks are
more robust compared to those obtained using all-sites
networks. This makes the global, hemispheric, and regional
flux determination less dependent on the selection of
transport model and observation network. Citation: Patra,
P. K., et al. (2006), Sensitivity of inverse estimation of annual
mean CO, sources and sinks to ocean-only sites versus all-sites
observational networks, Geophys. Res. Lett., 33, L05814,
doi:10.1029/2005GL025403.

1. Introduction

[2] Inverse estimation of CO, fluxes (+ve for sources,
—ve for sinks) at the regional scale depend greatly on the
simulation of atmospheric transport [Gurney et al., 2002]
and the chosen CO, observing network [Law et al., 2003;
Rédenbeck et al., 2003; Patra et al., 2005]. The transport
models used in the TransCom-3 intercomparison study
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reflect large differences in terms of the parameterisation of
atmospheric dynamics as well as the source of meteorology
(e.g., winds, temperature) (see Gurney et al. [2003] for
details on model configurations). One of the largest con-
tributors to the spread of results in the TransCom study was
due to varying levels of seasonal rectification simulated by
the transport models [Denning et al., 1995; Gurney et al.,
2003, 2004]. Models that simulate greater seasonal ampli-
tude in surface CO, concentrations as a result of seasonally
varying biospheric exchange tend to estimate larger CO,
sinks in northern land [Gurney et al., 2004].

[3] In this work we address the sensitivity of annual
mean CO, sources and sinks to CO, observing networks by
using networks of different numbers of stations and differ-
ent mixes of marine and continental sites.

2. Methods

[4] The TransCom-3 (Level-1) experimental framework,
which is designed to estimate annual-mean CO, fluxes and
associated uncertainties from 22 partitions (11 land and 11
ocean) of the globe (see Figure 1), is employed here.
TransCom-3 uses the time-independent inversion method-
ology [Enting et al., 1995] with the participation of 16 dif-
ferent transport models [Gurney et al., 2002]. The
participation of multiple transport formulations allows us
to obtain two types of a posteriori flux uncertainties;
1) ‘within-model’ uncertainty (the multi-model RMS of
the flux uncertainties), and 2) ‘between-model’ uncertainty
(1o of the estimated fluxes using different transport models)
[Gurney et al., 2002]. The former is primarily governed by
the amount of atmospheric observations and the latter is a
measure of agreement between transport models.
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