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CAMELS is a project on "Carbon Assimilation and Modelling of the European Land Surface" and primarily aims at producing best estimates and uncertainty bounds for the contemporary and historical land carbon sinks in Europe and elsewhere, isolating the effects of direct land-management.
CAMELS combines top-down and bottom up approaches. The assumption used in CAMELS is that the best way to spatially extrapolate the results from the flux measurements is not through fluxes, but through parameter values that describe the underlying processes in terrestrial ecosystem models. Within CAMELS these parameters are constrained by measurements on a suite of scales ranging from the laboratory to stand and global scales.
The Bayesian framework for inversion allows to combine observational information with prior knowledge on parameters in a consistent way. Not only does the Bayesian approach provide the most likely parameter values, it also delivers uncertainty bounds on the parameters. Weakly constrained parameters are thus given an appropriate uncertainty range instead of being excluded a priori from the optimisation. The method is applied on global scale using satellite observed vegetation colour and atmospheric carbon dioxide (Kaminski et al. 2002, Rayner et al., 2004) and on the stand scale, i.e. using flux measurements as observational constraint (Knorr and Kattge, 2004). 
On the stand scale the Bayesian approach is implemented by the Metropolis algorithm of Monte Carlo sampling, which derives an ensemble of parameter sets that represents the probability density function (PDF) of model parameters. From this PDF statistical moments such as means values (optimised parameters) and covariances (parameter uncertainties) are derived and translated into uncertainty bounds for CO2 fluxes and any further model diagnostics of interest. First results of inverting the ecosystem model BETHY against flux measurements show that using only a few days of half-hourly flux measurements can considerably reduce uncertainties in several model parameters (Knorr and Kattge, 2004, Figure 1). After the optimisation, modeled NEP and uncertainties are in the same range as results directly derived from flux measurements or by forest inventory methods (Figure 2). By using data for all major biomes the exercise will yield a notion of the representativeness of the models and parameterisations.

The parameter values optimised on the stand scale are used as a priori values in a global carbon Cycle Data Assimilation System (CCDAS). CAMELS has so far produced one prototype CCDAS based on the ecosystem model BETHY: in a first data assimilation step, BETHY takes satellite-observed values of "greenness" to optimise parameters related to water status, phenology, and total plant cover. Next, observed atmospheric carbon dioxide provided by the GLOBALVIEW sampling network is used to constrain 58 parameters in the physiological and energy-balance parts of BETHY (carbon-BETHY). The latter assimilation step uses an efficient variational approach, based on the adjoint (the first derivative of the code with respect to model parameters) of carbon-BETHY coupled to the atmospheric transport model TM2. Uncertainties of optimised model parameters are derived from the Hessian (the second derivative of the carbon-BETHY code with respect to the parameters). These parameter uncertainties, that reflect both the prior information (in a Bayesian context) as well as the large-scale information from the atmospheric carbon dioxide are finally translated to uncertainty bounds for CO2 fluxes and any other model diagnostic by means of the Jacobian of the carbon-BETHY code. All derivative code (adjoint, Hessian, and Jacobian) is generated automatically by FastOpt's compiler tool TAF. Automatic generation ensures that improvements of BETHY can be used in the assimilation scheme without delay. 

First output of CCDAS using 20 years of atmospheric CO2 observations obtains a considerable reduction in uncertainty for about 12 of the 58 parameters that enter the optimisation. Results derived from the optimised carbon-BETHY, while still somewhat preliminary, clearly show that interannual fluctuations of terrestrial CO2 fluxes are dominated by the El Niño-Southern Oscillation (ENSO) cycle, except for the time after the Pinatubo eruption (Scholze, 2003). During El Niño (warm) pacific conditions, large parts of the tropical ecosystem come under water stress with reduced photosynthesis (Figure 3). The spatial distribution of the long-term mean net flux of CO2 shows a relatively large uptake over the northern hemisphere continents, and uptake over the tropical continents, which partly balances the large background source from land use change (Rayner et al., 2004, Figure 4). In general the uncertainties are relatively low compared to equivalent uncertainties from direct inversions. Still, high uncertainties are found in tropical America and Africa, mainly due to the lack of observation stations in that areas (Figure 5). Summarizing the results for different regions, we find a terrestrial sink for Europe (excl. Russia) that is around a third of the fossil fuel emissions of the area, but with uncertainty bounds of the same size as the fluxes themselves. The country analysed that has the largest uncertainty in terrestrial CO2 fluxes is Brazil (Scholze et al., 2002, Figure 7).

Building on the experience gained with CCDAS, CAMELS is currently working on a series of historical ecosystem model simulations that span the entire 20th century and that include further processes, such as land management, nitrogen deposition, and fire.

The final aim is to present a concept for an operational system that is capable to optimally combine all relevant large-scale observations to deliver the best possible estimates of European and global CO2 fluxes on a routine basis. Further information about CAMELS is available form http://www.ccdas.org-jena.mpg.de/public/carboeur/projects/camels.htm; for CCDAS please check the website http://www.bgc. 
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Figure 1: Reduction in uncertainty, expressed as 1-prior/optimized, for the 23 parameters of BETHY used in inversion against 7 days of half-hourly flux measurements at the Loobos site in the Netherlands. Standard deviation of a priori uncertainties: 25% of parameter value. Negative values are due to the different forms of the PDF before and after optimization. 
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Figure 2: Comparison of NEP at the Loobos site, derived by different methods: BETHY, Eddy-covariance measurements and forest inventories. BETHY a priori: standard parameter set for evergreen needle leaved trees with 25% uncertainty of parameter values, BETHY optimized: after inversion against 7 days of half-hourly NEE and LE. 
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2 Figure 3: Time series of global monthly fluxes prognosed from CCDAS smoothed with a five month running mean filter, after subtracting average seasonal cycle. Red/blue arrows: exception El Niño/La Niña events, yellow arrow: Pinatubo eruption.
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Figure 4: Mean net fluxes to the atmosphere for the period 1980-2000 (gC m-2y-1).
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Figure 5: Uncertainty of mean net flux to the atmosphere for the period 1980-2000 (gC m-2y-1) expressed as the standard deviation. Dots indicate locations of observational sites.


4 Figure 6: Estimated biosphere carbon sink strength and associated uncertainties compared to fossil fuel and land use emissions for 5 regions.
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