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Motivation & Outline

Motivation:

* To estimate CO2 vertical profile based on AIRS CO2
retrievals, and explore deriving surface carbon
fluxes.

Outline:

« AIRS CO2 comparison with model simulation for
year 2003: CAM3.5 does not do so well

 AIRS CO2 assimilation method and results

« Comparisons between assimilation runs with and
without assimilating CO2

» Discussion, challenges and plans.



CO, simulation in CAM3.5

Community Atmospheric Model 3.5 (CAM 3.5) coupled
with Community Land Model 3.5 (CLM 3.5)
— Finite Volume dynamical core

— 2.5°x1.9° horizontal resolution, with 26 vertical levels up to
3.5hPa.

CO, is transported as a tracer in CAM 3.5

Carbon surface fluxes:
— Fossil fuel emission (yearly average value for 2003)

— Ocean C fluxes (monthly means, interpolated between months;
Takahashi et al., 2002)

— Land C flux (6-hourly carbon flux from CASA)
Initial CO2 is the spin-up after 3 years.
CO2 from this model run is the “nature run”.




Comparison between AIRS CO2 & model
simulation: annual mean

AIRS COZ annual mean in 2003 Uni 'gem_ ____________ .

ot 377 : Nature CO2 = Model 1
soN 275 CO2 - offset |
30N S5 5| I
200 153 — 375 | Offset= annual mean |
= :i;js model CO2 - annual |
205 - —3735 mean AIRS CO2 '
) 33 |
ol %P ‘ . E3725'L Tppm !
0 60E 120E 180 120W grw n 377 ~TTEEEEEEEEEEES

Nature CO2 annual mean in 2003

v" Nature run has rather Z§E == ‘\v,f
different spatial patterns SN e e

than the AIRS CO2 annual 3] - )

mean; & o) R i
v'Likely due to the vertical %gé ' r
mixing in the model. 505 - .

0 60E 120E 180 120W 60W 0



Comparison between AIRS CO2 & model

simulation (convolved with AIRS aver. kernelz
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AIRS comparison with model simulation

B
Surface COZ North-South gradient  Unit: ppm
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Seasonal cycle: model and AIRS
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Seasonal cycle: model and AIRS
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CQO, assimilation with EnKF

'+ Model forecast xis a CO, vertical profile;
I

: * AIRS CO, is weighted column Volume Mixing Ratio (vmr);

' => observation operator: interpolate xP to obs location & convolve
I the CO2 vertical profile with averaging kernel A(x, v, t).

vy’ = h(x’)= AT (Hx") = Zai(fo)
i=1
x”: model forecast CO, vertical profile;

k: number of vertical levels; H: spatial interpolation operator;

y°: model predicted CO, column mixing ratio.

A: averaging kernel; a, is the element at ith vertical level;
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CO, assimilation method

AIRS CO, observation is a column weighted value;
« Model forecast CO, state x* and analysis state x2 are vertical profiles;
=> How to localize CO, column observation to obtain CO, vertical profile?

’

Ay" =a, X (y’ — h(X")); localize the column observation increment to i"”

l

vertical level by the ith averaging kernel element a,

So far we have assimilated the COZ2 independently of the other variables,
In a univariate approach. Multivariate assimilation, like we have done with
moisture retrievals, may be better, but it is more subject to sampling
errors in the covariance between CO2 and the transporting wind.



Analysis increment and observation
iIncrement at one analysis time
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Analysis increment & observation

iIncrement at one analxsis time
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Analysis increment vertical profile &

averaging kernel vertical profile
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Comparison of two assimilation runs, with

and without AIRS CO2

Meteo run AIRS run

(CO,)

analysis

ObseI/ations AIRS CO,
(u,v,T,q,Ps)

Obser\Iations

(u,v,T,q,Ps)
* In Meteo run we assimilate u,v,T,q,Ps: no constraints on model CO.,,.

* In AIRS run we also assimilate AIRS CO2.

* We run two months of assimilation for both experiments.




Monthly mean spatial anomaly COZ2 in Jan.
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Monthly mean spatial anomaly COZ2 in Jan.
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v The spatial pattern from the AIRS run is closer to the AIRS CO2
observations
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Monthly mean spatial anomaly COZ2 in Feb.
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v The spatial pattern from the AIRS run is closer to the AIRS COZ
observations: also closer in February than in January.
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Monthly mean spatial anomaly CO2 between
mid-Feb and mid-Mar
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AIRS run (top), convolved CO2 from AIRS CO2 (bottom), averaged over
three assimilation cycles (a “snapshot” comparison)
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Propagation of CO2 information vertically
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Conclusions and Discussion

« Annual mean CO2 from model simulation has different spatial patterns
from AIRS CO2, and a delayed maximum.

* This may be due to inaccurate surface carbon flux forcing and the
inaccurate vertical mixing in the model.

« Assimilation of AIRS CO2 corrects the model simulation results, not only
in a single level but in the whole vertical profile through the averaging
kernel.

« Propagated by both assimilation and model transport, the AIRS CO2
information propagates to the surface, which may help to infer surface
carbon fluxes.

» The inflation of the error covariance needs to be improved.

20



Challenges and Future work

B
Time lag between AIRS CO2 and local carbon flux:

— AIRS CO2 may include carbon flux information upstream due to air
transport: we will try multivariate assimilation (but this introduces
further sampling errors). Inflation needs work.

Longer spin-up time for CO2 than for meteorological variables.
— Only one piece information to correct a vertical profile.

EnKF is good at estimating parameters. Can we use of AIRS CO2 to
estimate vertical mixing parameters?

Include the offset (bias) between nature run and AIRS CO2 in the
assimilation.

Assimilate the CO2 observations for the whole year of 2003.
Compare the results to in-situ CO, observations, e.g., aircraft data.
The simulation EnKF experiments of Ji-Sun Kang (UMD) suggest

that it is possible to estimate surface carbon fluxes based on AIRS
CO, and GOSAT CO, data if the model biases are accounted fox.




