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Measuring CO, trom space
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Atmospheric CO, observations
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GOSAT Obs. Influence

‘©
)
(O]
(O]
Q
o
(O]
)
i)
©
e
@)

Measuring CO, trom space

0 Strength: spatial coverage expected to bring a quantum
leap in carbon inversions

0 Weakness: stringent precision and accuracy requirements
for CO, retrievals

~ A-SCOPE (> 0.35 ppm) - 0CO-2 (0.6 ppm) ~ AIRS (2 2.3 ppm)

—180° —120° —-607 o 607 1207 180°

Source: Hungershoefer et al. [2010]

precision o« uncertainty reduction at regional scale
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Measuring CO, trom space
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2 10 Ability of transport models to link the variations in the
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= column-averaged CO, concentrations to the changes in the
4 surface fluxes
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Measuring CO, trom space
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4 0 Strength: spatial coverage expected to bring a quantum
- leap in carbon inversions

Q 0 Weakness: stringent precision and accuracy requirements
0 for CO, retrievals

2 1 Ability of transport models to link the variations in the

@) . .

= column-averaged CO, concentrations to the changes in the
4 surface fluxes

O

o How robust are CO, fluxes derived from satellite CO,
observations?

0 How influential are the satellite observations (relative to
the surface observations) within such ‘top-down’ analyses?
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Ensemble DA system — GEnSRF

(@)
)
5 Use an ensemble of analysis states to represent the full system
‘;” state and its error statistics
Skipping Subtleties....
§ | | —, — ) L1 . = Sequential
o z — — «— gz = Deterministic
= h = Smoother
a — = Advanced algorithms to
lc_’ Je . — counter sampling error
X . Y - . = See Chatterjee et al.
3 */ t, t, [2012], JGR-A
analysis

Source: J. Anderson, NCAR

« Leverage maximum information from the atmospheric data -
minimize assumptions regarding prior CO, flux patterns and
distributions

« Fine spatiotemporal scales — 1° by 1.25°, daily
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Monthly averaged CO, fluxes at 1° by 1.25°

LAND

OCEAN

JANUARY 2010

0.05

01

0.15

JUNE 2010

pmol/(m?*s)

Uninformative
prior

Any changes to
the constant
but unknown
mean flux in
space and time
driven by
observations

Little variability
at fine scales



Nosthern Ocean

Comparison across land T3 regions SHEgT N
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Reduction in uncertainty at TransCom3 regions

Addition of GOSAT

Addition of TCCON

Baseline Inversion

SF-only
Addition of GOSAT Addition of TCCON
followed by TCCON | followed by GOSAT
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= Inclusion of GOSAT observations have a positive impact in UR

to SF

to SF and GOSAT
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Comparison across land T3 regions &
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Comparison across land T3 regions
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- Observational influence of GOSAT because of - spatial coverage,
or more information content?



Analysis sensitivity with respect to observations

9
=
9 O Quantify the observational influence on the analysis
=
0 Influence matrix =
. covariance (analysis projected onto observation space)/
£ covariance (observations)
% = characterizes how the assimilation system uses the observations to
= pull the analysis away from the prior
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Monitoring the observational influence in time

o
2
o ; a Influence of the
g Jul ! b t
= AUG | observations
Sep o inversely
I\CI)Ct ! proportional to the
3 S Doe ! measurement error
c C
0 2 Jan ; or the total model-
= K/‘fb . data mismatch error
— ar EI
v Apr R
O |
= May | o Total column vs.
< Jun |
g ' ' ' : surface data -
0 0 10 20 30 40

interplay of model-
data mismatch error,
atmospheric
transport

Obs. Influence %

B s I TCCON [ GOSAT-ACOS

Current utility of GOSAT observations is clearly in its spatial
coverage
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Summary

(@)
0
§ 0 GENSRF provides a framework to use GOSAT observations
= to

(a) constrain fluxes at high spatiotemporal resolutions,
. (b) independently reconcile top-down/bottom-up estimates,
§ (c) understand the role of GOSAT observations in influencing the
3
= analysis
4
© 0 Closer examination of the analysis sensitivity demonstrates
@ that current utility of GOSAT observations is likely due to its
U]

spatial coverage

0 Ongoing work: how to detect, and account for the impact of
systematic errors in the satellite observations?
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