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Global Carbon Budget

La%tudinal bands & inﬂuence of prior ﬂuxes

The Global Carbon Project publishes annual updates
of the global carbon budget. The most recent update
(Le Quéré et al., 2016) includes carbon ﬂuxes un%l
2015. The major components are shown in ﬁgure 1.
Three atmospheric inversions are included in the
annual updates, speciﬁcally to study (a) the
deriva%on of the year-to-year changes in total land
ﬂuxes, and (b) the breakdown of the total land and
ocean ﬂuxes between the Northern Hemisphere,
Tropics and Southern Hemisphere (Figure 3).

Summary
→ We show results from the 3 atmospheric
inversions included in the annual updates of
GCP: global total carbon sink, and land-ocean
and regional ﬂux distribu%on.
→ We studied the inﬂuence of the choice of prior
ﬂuxes on the inversion results (Figure 6), and
show that diﬀerences (e.g. Northern Hemisphere
sink) between the inversions remain when
exchanging prior ﬂuxes.
→ The largest uncertain%es are in the Tropics,
because of the sparse observa%onal network.
However, also more densely observed regions
e.g. the Northern Hemisphere show an oﬀset
between the inverse results (Figure 6).
→ The global ocean sink is befer known than land
sink, but there are s%ll considerable diﬀerences
in sink strength and trend (Figure 5).

Inversions in GCP

Figure 1: Schema%c representa%on of the overall
perturba%on of the global carbon cycle caused by
anthropogenic ac%vi%es, averaged globally for the
decade 2006–2015 (Le Quéré et al., 2016).

Global carbon sink

Figure 6: Le*: La%tudinal distribu%on of the total land and ocean ﬂuxes
(as ﬁgure 8 in Le Quéré et al., 2016). Note that posi%ve values represent
uptake from the atmosphere, in contrast to ﬁgures 3-5. The inversions
and process models agree well on the SH sink. In the NH the results show
a diﬀerence between CAMS/CarboScope versus CTE/GCP. Right: Results
from the inversions with exchanged prior ﬂuxes for 2010-2015 (includes
CAMS-with-CTE, CS-with-CAMS/CTE, CTE-with-CAMS). These addi%onal
inversions show that the choice of prior ﬂuxes determines the results
less than other aspects of the inversions setup (see Table 1).
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Distribu%on between land and ocean

Global ocean carbon sink

Figure 3: Global total carbon sinks, es%mated by the
3 atmospheric inversions included in GCP, for their
overlapping period 2001-2015. This includes the land
and ocean sinks, and is harmonized for the (small)
diﬀerences in fossil fuel emissions used in the
diﬀerent setups (see Table 1). The 3 inversions agree
well on the interannual variability of the total sink,
which reﬂects the atmospheric growth rate in the
assimilated CO2 observa%ons.

Figure 4: Distribu%on of the global land and ocean carbon sinks,
es%mated by the 3 atmospheric inversions included in GCP, for their
overlapping period 2001-2015. The mul% model results from the ocean
and biosphere models are shown as ‘GCP’. The inversions were adjusted
for the pre-industrial land sink from river input of 0.45 PgC/yr.

Inverse method

Setup of the inversions

The inversions use observa%ons of atmospheric CO2
mole frac%ons and global transport models to op%mize prior (ﬁrst guess) es%mates of natural carbon
ﬂuxes, while emissions from fossil combus%on or
biomass burning are imposed (see ﬁgure 2).

Figure 2: schema%c overview of atmospheric inverse
methods.
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Figure 5: Es%mates of the average global ocean sink
for 2001-2014 (y-axis), and the trend in this sink (xaxis) for the 3 inversions (prior and posterior). The
mul%-model mean from the ocean models is shown
as ‘GCP’, and the data-based products included in
GCP in light blue. The inversions show a large spread
in the prior (gray area), and the op%mized results
agree more on the sink and its trend (red area), also
in comparison to GCP. The diﬀerence to the databased products remains large.
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Table 1: Details on the setups of the atmospheric inverse methods.
CAMS
1979-2015
LMDZ
Glb3.75x1.875

CarboScope
1981-2015
TM3
Glb4x5

CTE
2001-2015
TM5
Glb3x2, eur1x1,
nam1x1

Varia%onal

Conjugate Gradient
(re-orthonormaliza%on)

Ensemble Kalman
Filter

ObservaCons
(surface only)
Prior ﬂuxes:
Fossil fuels

Half-hourly resolu%on (well-mixed)

Flask and hourly

Hourly resolu%on
(well-mixed cond.)

EDGAR scaled to
CDIAC

EDGAR

EDGAR+IER, scaled
to CDIAC

Biosphere
and ﬁres
Ocean

ORCHIDEE (clim) +
GFEDv4

Constant
(from LPJ)

SiBCASA-GFED4

Takahashi et al.
(2009)

Mikaloﬀ-Fletcher et
al. (2006)

Jacobson et al.
(2007)

Time period
Transport
ResoluCon
(degrees)
OpCmizaCon
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The analysis for this inversions comparison was done
on the ICOS Carbon Portal using Jupyter Notebooks.
This service will be made available to the public in
the future. See poster by Ute Karstens (poster 137).
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