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Minimize the cost function:

were

• In each cycle, minimize the cost function by maximum likelihood method.

• Minimization is done in a reduced space (preconditioned space).

• The average of analysis from the previous cycle and the background is taken
as the forecast for the current cycle.

• Covariance smoothing was introduced (only at the first cycle) using an 
exponential covariance function with de-correlation length scales 800 km 
over the land and 1600 km over the ocean.

• Localization was done based on the sigma ratio (prior/posterior).  Changes to
the biases are allowed based on the upper tail vales of the ratio distribution.

• 8-week β’s with 4-week overlap windows.

We used an ensemble based data assimilation system, Maximum Likelihood
Ensemble Filter (MLEF), which has been coupled with Parameterized Chemistry
Transport Model (PCTM), to estimate Carbon fluxes for years 2003 and 2004.
We assimilated 49 flask sites and 20 continuous sites to estimate separate
multiplicative biases (βs) in photosynthesis, respiration, and air-sea gas
exchange.  Spatial covariance in the biases was updated in the assimilation
process. Biases were defined in 10° longitude by 6° latitude spatial resolution,
where as transport was run at 2.5° longitude by 2° latitude spatial resolution with
25 vertical levels.

We estimated carbon fluxes for years 2003 and 2004 using the ensemble based MLEF method.  According to the percentage uncertainty reduction, densely observed North American and
European regions show good constraint on flux estimates.  Hence we chose to show results only from those regions.  We compared our results with CarbonTracker, another existing
ensemble based data assimilation system.  Both models showed similar results when averaged up into large (TransCom) regions.  However, the spatial patterns were quite different.  These
differences could be due to difference in the treatment of biases in two methods.  CarbonTracker solves for predefined ecoregions, whereas MLEF doesn’t use any predefined spatial
structures.  Also the spatial pattern of the flux estimates tends to dominate by that of prior fluxes.  Posterior uncertainties could be under estimated due to consideration of tight prior
uncertainties around the biases.

See T4-056 for a satellite application of this model.
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Observation Sites

+ -Flasks Ο -Continuous (sampled from 11 to 16 hrs) 

-0.38 ± 0.73-0.39 ± 0.19-0.14 ± 0.71-0.12 ± 0.19Europe

-0.70 ± 0.39-0.76 ± 0.21-0.57 ± 0.42-0.54 ± 0.19Temperate NA
-0.16 ± 0.33-0.19 ± 0.14-0.26 ± 0.37-0.38 ± 0.15Boreal NA
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Prior:
β = 0 (unbiased case),  σGPP = σRESP = 0.2, σOcean = 1.0

Number of Ensemble Members = 200

3 year spin-up (2000-2002) before assimilation of observations from
2003-2004.


