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3. Results

3.1 Delayed GHG o-suite – expected CY50R1 upgrades

TROPOMI CH4 assimilation

• The evaluation against independent observations shows better scores near the 

surface (especially bias), and a slight increase in the bias of the total column;

• The timeseries of the bias against TCCON observations shows that assimilating 

TROPOMI observations leads to a consistently positive bias throughout the year, 

which is however smaller in the summer;

Tapering of the CO2 standard deviation near the surface

3.2 Self-cycling Ensemble of Data Assimilation for GHG (CO2, CH4)

3.3 IFS short-window inversion (CH4)
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1. Introduction
• The European Centre for Medium-Range Weather Forecasts (ECMWF) provides 

daily forecasts and near real-time global analyses of greenhouse gas (GHG, i.e. 

CO2 and CH4) concentrations;

• ECMWF is also building the global component of a new Copernicus Monitoring and 

Verification Support (CO2MVS) capacity for anthropogenic GHG emissions with the 

aim of supporting and tracking the progress of countries during the implementation of 

the Paris agreement;

• In this poster we focus on a range of results stemming from activities related to 

developments of both current and future greenhouse gas services at ECMWF, and in 

particular:

❖ The impact of assimilating TROPOMI CH4 retrievals and updating the CO2 

background errors in the GHG delayed o-suite (expected upgrades in CY50R1);

❖ The impact of running a self-cycling 10-members EDA for GHG;

❖ The impact of jointly optimising CH4 concentration and emissions using the 

IFS inversion system using a 12-hour assimilation window.

• In addition, we outline the plans for the long-window inversion system, which is still 

under development.
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2. Methods
2.1 Delayed GHG o-suite – expected CY50R1 upgrades

Evaluation period: 2021

2.2 Self-cycling Ensemble of Data Assimilation for GHG (CO2, CH4)

• EDA setup used for NWP extended ‘out-of-the-box’ to GHG species, using the 

current CY49R1 analysis o-suite as starting point;

• Here emissions are neither perturbed nor optimized! EDA spread comes from 

perturbations to physical parametrization (SPP), observations and SST;

• Two 10-members EDA tested: classical (pre-49R1) and soft-recentred∗∗ (49R1);

• Flow-dependent covariance matrix with location- and time-dependent standard 

deviation; correlations are 70% climatological and 30% ensemble-based

Evaluation period: 2021

2.3 IFS short-window emission inversion (CH4)

Evaluation period: Dec 2018 - May 2019

2.4 Long-window inversion (under developments)

4. Conclusions
• Impact of assimilating TROPOMI CH4 observations in the o-suite is marginally 

positive and reduces the yearly cycle of bias;

• Impact of tapering the standard deviation of CO2 near the surface is largely 

positive;

• Use of self-cycling EDA leads to neutral results for CO2 and slightly positive for CH4 

(reflected in a reduction of the observation departures for TROPOMI). We note that 

the number of impactful CO2 observations is small;

• A preliminary evaluation of the IFS short-window inversion system (12 hour) shows 

that the joint optimisation of CH4 emissions and concentrations lead to a better 

match against independent observations and global budget estimates.

observations (meteorology, atmospheric 
composition) 

parameter (i.e. emission scaling factors) state (prognostic) 

• Joint optimisation of concentrations, 

meteorology and emissions;

• Surface emission optimization via a 2D 

scaling factor produced at the end of each 

minimization;

• Emissions are re-initialised from the 

inventory ptimisation of concentrations, 

meteoroin each DA window (i.e. every 

12/24 hours);

• Suboptimal for GHG species (long-

window extension undergoing, see §2.4);
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• Concentration increments (𝜹𝐂) in each 

short assimilation window are back-

propagated using an adjoint of a 

transport model or an ensemble to 

updated previous fluxes (𝜹𝐅) .
• Fluxes in past assimilation windows 

(k,k-1,…) are re-computed based on 

the most recent state optimisation;

• Transport model can be external to the 

IFS, or ensemble-based, or hybrid;

• Complex (spatial, cross-species, time) 

covariance modelling → see CORSO 

activities (A.Visser’s presentation)

Species CY49R1 CY50R1

CO2

EDA-based climatological 

covariance matrix

Same as in CY49R1 + standard 

deviation is reduced near the surface

CH4

Assimilated observations: IASI, 

GOSAT
Same as in C49R1 + TROPOMI

See also: McNorton et al. (2021)

Bias timeseries (TCCON)

Evaluation against independent observations

• The evaluation against independent 

observations shows an overall 

improvement in all scores and for all 

datasets. In particular, the (negative) 

surface bias is reduced;

• The evaluation against independent 

observations shows no impact for CO2 

and a general improvement for CH4;

• The first guess departures (observation - 

background) of TROPOMI are smaller in 

all seasons;

• The ‘classical’ EDA shows better scores 

than the re-centred one;

Evaluation against independent observations Evaluation against independent observations

Fit to observations (O-B)

JJAMAM

• The evaluation against 

independent observations shows 

an overall scores improvement;

• Posterior estimates of the global 

budget made in CAMEO (D5.5) 

show a better agreement with 

Global Methane Budget (Saunois 

et al., 2024) than the prior.
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Evaluation against independent observations

** In a soft-recentered EDA, the ensemble members use as background the result of the first minimization of the control and perform only one additional 

minimization 
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