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Summary 
 
One of the main objectives of the EYE-CLIMA project is to further advance atmospheric 
inversion methodologies to improve estimates of surface fluxes using satellite observations. 
The optimized emission inventories are foreseen to: a) support and verify National 
Greenhouse Inventories (NGHGIs) and b) to support EU member states to monitor and 
assess their emission mitigation strategies. 
 
In the current work, we perform a global CH4 inversion for the year 2024, using ECMWF's 
operational IFS 4D-Var data assimilation system. This is a unique online system that, in 
contrast to other offline inversion systems, simultaneously optimizes the meteorology, the 
atmospheric state (CH4 concentrations) and the emissions. Daily optimized emission scaling 
factors are derived by assimilating quality-filtered satellite observations from three 
instruments (GOSAT/TANSO, METOP/IASI and S5P/TROPOMI). Optimization of the state 
vector is performed at 80 km resolution, and the output fluxes are produced at 25 km 
resolution. After the data assimilation procedure, the optimized scaling factors are multiplied 
with prior emissions to obtain the posterior emission estimate. 
 
In this deliverable, we first investigate the impact of both the IFS data assimilation window 
and the assimilation of TROPOMI CH4 observations on the representation of methane 
emission plumes in the inversion system. The use of a 24-hour assimilation window instead 
of the default 12-hour window, combined with the assimilation of TROPOMI data, shows 
increased sensitivity to local strong emission events, leading to higher emission corrections. 
We note a limitation of the current system to optimize emissions from transient plumes in 
cases where the prior emissions are missing from the inventory. 
 
We subsequently investigate the impact of an IFS cycle upgrade (from CY48R1 to CY49R1) 
on posterior emissions. Total emissions change only slightly between IFS cycles (up to 5% 
on individual days), and posterior emission corrections are mostly consistent in sign 
between both cycles. Although validation was based on a limited number of stations (three 
TCCON stations in North America), CY49R1 seems to agree better with observations than 
CY48R1. 
 
Finally, we discuss the spatial and temporal variability of prior and posterior emissions. The 
global annual posterior CH4 emissions show only a marginal difference compared to the 
prior and they are estimated to be 552 Mt CH4 yr-1 and 550 Mt CH4 yr-1, respectively. This is 
lower than the best-estimate posterior methane flux of 608 Mt CH4 yr-1 reported by Saunois 
et al. (2025). Higher differences of up to 40% are found in oil and gas producing regions.  
 
Several developments in the IFS inversion system are currently ongoing. First, we are 
working on an IFS-based long-window inversion system is better suited for inverting 
emissions of long-lived greenhouse gases such as methane. Second, we are investigating 
the assimilation of plume-based emission estimates to account for localized emission 
plumes that cannot be resolved by the global IFS system.  

 
 
 
 



DELIVERABLE 3.9 | PUBLIC   
   

4 
   
  

This project has received funding from the European Union’s Horizon Europe 
research and innovation programme under grant agreement No 101081395 

TABLE OF CONTENTS 

Document History .................................................................................................................... 2 
Summary .................................................................................................................................. 3 
1. Introduction .......................................................................................................................... 5 
2. Deviations from the Description of Action ............................................................................ 6 
3. Methodology ........................................................................................................................ 6 

3.1 IFS forward model ........................................................................................................................ 6 

3.2 Prior fluxes .................................................................................................................................... 6 

3.3 IFS inversion framework ............................................................................................................... 6 

3.4 Observations ................................................................................................................................ 7 

3.5 Experiment setup ......................................................................................................................... 8 

4. Results ................................................................................................................................. 9 
4.1 CH4 plume representation in IFS forecasts ................................................................................... 9 

4.2 Impact of IFS cycle upgrade on posterior CH4 emissions ........................................................... 10 

4.3 Temporal variability in prior and posterior CH4 emissions ......................................................... 12 

4.4 Spatial variability in prior and posterior CH4 emissions ............................................................. 13 

5. Conclusions ....................................................................................................................... 15 
References ............................................................................................................................. 16 

 

  



DELIVERABLE 3.9 | PUBLIC   
   

5 
   
  

This project has received funding from the European Union’s Horizon Europe 
research and innovation programme under grant agreement No 101081395 

1. Introduction 

Under the Paris agreement, countries have committed to anthropogenic greenhouse gas emission 
reductions needed to limit global warming to well below 2°C compared to pre-industrial levels. Countries 
report their emissions to the UNFCCC based on national greenhouse gas emission inventories (NGHGIs). 
The standard methodology to compile emissions follows a bottom-up (BU) approach, which combines 
activity data and emission factors. This approach is limited by temporal gaps in reporting, uncertainties 
in activity data and emission factors, and substantial latency between the year of emissions and the year 
of reporting, which compromises the applicability of NGHGIs for monitoring changes in emissions in 
time. 

As an alternative, top-down methods based on atmospheric inversion have been proposed as an 
independent constraint on BU-reported emissions. Atmospheric inversions combine atmospheric 
measurements with a transport model to estimate surface fluxes and their uncertainties. The goal of the 
EYE-CLIMA project is to further develop the atmospheric inversion methodology to a level of readiness 
to augment emission reporting on (sub-)national scales.  

Methane (CH4) is one of the climate forcers under investigation in EYE-CLIMA. Methane is emitted in 
anthropogenic activities (including agriculture, fossil fuel extraction, and waste processing) and natural 
processes (including wetlands, wild animals and termites). Since methane is a potent greenhouse gas 
and has a lower atmospheric lifetime than CO2, methane emission reductions have a more immediate 
impact on global temperatures than CO2 and, therefore, there is substantial scientific interest in 
quantifying robust methane emissions for policy applications.  

Methane emissions will be monitored in a new operational greenhouse gas emission monitoring service 
(CO2MVS) that is currently under development as part of the Copernicus Atmosphere Monitoring 
Service (CAMS) activities. The global emission monitoring service will combine the Integrated 
Forecasting System (IFS) atmospheric model with the assimilation of satellite observations of 
greenhouse gases. Within CAMS, the IFS system already monitors atmospheric methane levels based 
on satellite observations but does not currently derive emission updates. As part of the CO2MVS 
preparations, the IFS-based data assimilation system has been augmented to allow for inverse modelling 
of emissions. Currently, satellite retrievals of methane concentrations from the TANSO and IASI 
instruments are operationally assimilated in IFS. Work in the past years has also been performed to 
prepare for operational assimilation of methane observations from the TROPOMI instrument onboard 
Sentinel-5P. These observations will be operationally assimilated in the upcoming model cycle release 
(CY50R1), scheduled for implementation at the end of 2025. 

In this deliverable, we use the IFS-based emission monitoring system to derive emission estimates 
based on TROPOMI CH4 total column concentrations to derive global methane emissions for the year 
2024. TROPOMI observations are offline and provided by ESA. In the present modelling framework, we 
make use of data processed with processor version 2.7.0. The IFS inverse modelling framework, 
including the prior fluxes and assimilated observations, are described in Section 3. In Section 4, we first 
describe the impact of the assimilation by comparing prior and posterior fluxes. In addition, we report 
on the sensitivity of posterior CH4 fluxes to IFS model cycle upgrade over November 2024. Lastly, we 
describe the prior and posterior fluxes using TROPOMI CH4 retrievals in the inversion system, with a 
focus on anthropogenic and total emissions. 
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2. Deviations from the Description of Action 

There were no deviations from the deliverable description. Deliverable D3.9 aims to provide an optimized 
CH4 inventory by performing global CH4 inversions using data from the TROPOMI instrument on-board 
the S5P satellite. The data delivered cover the whole 2024 year.  

3. Methodology 

3.1 IFS forward model 

The Integrated Forecasting System (IFS) is run operationally for numerical weather prediction (NWP) at 
ECWMF, as well as for operational global forecasts and analyses for reactive gases, aerosols and 
greenhouse gases (Flemming et al., 2015, Agustí-Panareda et al., 2022). For this deliverable, the forward 
model for greenhouse gases uses a cubic octahedral grid with a resolution of Tco399, which corresponds 
to a spatial resolution of 25 ´ 25 km2 at the equator. The model has 137 hybrid sigma-pressure levels 
from the surface to 0.1 hPa with a vertical resolution that varies with (geometric) height and is highest 
in the planetary boundary layer. Tracer advection is calculated with an efficient semi-Lagrangian scheme 
(Diamantakis and Magnusson, 2016), and a mass fixer is subsequently applied to ensure mass 
conservation (Agustí-Panareda et al., 2017). The transport model additionally includes parameterizations 
of turbulent mixing (Sandu et al., 2013) and convection (Bechtold et al., 2014). The forward model is 
run with a time step of 15 minutes.  

3.2 Prior fluxes 

The total CH4 emissions used are the sum of anthropogenic and natural sources (i.e., wetlands). 
Anthropogenic emissions are taken from the CAMS-GLOB-ANT v5.3 inventory (Soulie et al., 2024), 
which include sector-specific emissions (energy generation, industry, residential and commercial 
combustion, road transport, waste treatment, agriculture, shipping, and fugitive emissions) on a 0.1o ´ 
0.1o grid. CAMS-GLOB-ANT is based on the Emissions Database for Global Atmospheric Research 
(EDGAR) inventory version 5. EDGAR v5 emissions are available until 2015, and emissions until 2024 
are obtained by trend extrapolation (Soulie et al., 2024). Wetland emissions come from a climatology 
(1990-2008) based on the LPJ-WHyMe model at 1o ´ 1o grid (Spahni et al., 2011). Fire emissions are 
obtained from GFAS v1.4 (Kaiser et al., 2012). Other sources and sinks include annual mean oceanic 
fluxes (Houweling et al., 1999), wild animals and termites (Houweling et al., 1999) and a monthly soil 
sink (Ridgwell et al., 1999). The chemical sink in the troposphere and stratosphere is represented by a 
climatological monthly mean chemical loss rate (Bergamaschi et al., 2009). 

3.3 IFS inversion framework 

The IFS inversion framework is based on the 4D-Var data assimilation system in IFS (Courtier et al., 
1994, Rabier et al., 2000), which is also run operationally for atmospheric state optimization within 
CAMS. The optimized meteorological variables are temperature, surface pressure, vorticity, divergence, 
specific humidity and stratospheric ozone mass mixing ratios, alongside a range of (near-)surface 
variables (ECMWF, 2024a). For atmospheric composition, retrievals of CO, NO2, CH4, CO2, O3, volcanic 
SO2 and aerosol optical depth are operationally assimilated (ECMWF, 2024b). To constrain surface 
emissions, the state vector is augmented by a parameter variable consisting of a 2D multiplicative scaling 
factor applied to the emission fields. The IFS 4D-Var inversion system jointly optimizes meteorology, 
atmospheric state, and emissions by minimizing a cost function with respect to the state vectors x 
(meteorological variables and atmospheric concentrations) and p (emission scaling factors):  
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𝐽(𝐱, 𝐩) = (𝐱 − 𝐱𝐛)"𝐁𝐱$%(𝐱 − 𝐱𝐛) + (𝐩 − 𝐩𝐛)"𝐁𝐩$%(𝐩 − 𝐩𝐛) + +𝐲 − ℎ(𝐱, 𝐩).
"𝐑$%+𝐲 − ℎ(𝐱, 𝐩). (1) 

Variables with the subscript "b" denote prior knowledge. Bx and Bp represent the background and prior 
error covariance matrices, respectively, while R denotes the observation error covariance matrix. The 
minimization problem is resolved with a quasi-Newton algorithm described in Gilbert and Lemarechal 
(1989). As a result of the joint optimization of meteorology, atmospheric state, and emissions, the 
transport errors associated with uncertainties in the initial conditions of the meteorological variables are 
accounted for in the inversion. An earlier version of the IFS inversion framework has been described in 
McNorton et al. (2022).  

The current version of the IFS inversion system optimizes total surface fluxes using a single scaling 
factor 2D field. In this configuration, the posterior emission scaling factor is optimized using three inner-
loop minimizations at Tl159 (125 km) Tl191 (100 km) and Tl255 (80 km) within a 24-hour assimilation 
window. The posterior emissions are derived by applying the posterior scaling factor field to the prior 
emissions inventory defined on a grid of approximately 25 km resolution. A conservative interpolation 
method was used when necessary. The emission optimisation is performed independently in each 24-
hour assimilation window – that is, the 2D emission scaling factor field is re-initialised to a global value 
of 1 at the beginning of each data assimilation cycle – implicitly assuming that there is no time correlation 
between consecutive emission adjustments.  

The error covariance for the CH4 initial atmospheric state vector (Bx) is taken from a climatology and 
remains constant in time. For methane emissions (Bp), a uniform prior error of 30% was applied with a 
correlation length scale of 100 km.  

3.4 Observations 

The NWP observations used in IFS 4D-Var system include satellite radiances, conventional ground-based 
and radiosondes, and aircrafts and ship data, for which the coverage and quality is constantly monitored 
prior to assimilation. Methane observations from 3 satellite instruments are also assimilated: IASI, 
TANSO and TROPOMI. The TROPOMI instrument on-board the Sentinel-5P satellite provides near-global 
daily coverage of column-average methane concentrations (XCH4) with a nadir ground pixel size of 7 km 
× 5.5 km and better near- surface sensitivity compared to IASI (Veefkind et al., 2012; Lorente et al., 
2021). Although GOSAT has a similar vertical sensitivity to TROPOMI, the latter has a much better spatial 
coverage (Figure 3.1). Due to the spatial coverage and the near-surface sensitivity, TROPOMI 
observations are an important dataset for atmospheric composition research.  

We use TROPOMI XCH4 retrievals version 2.7.0 from the Netherlands Institute for Space Research 
(SRON), obtained with the RemoTec algorithm (Hasekamp et al., 2022). Only cloud free and best quality 
observations are assimilated, filtered according to the quality flags of the data providers. In addition, 
observations were processed with a data reduction technique (Superobbing) commonly used in data 
assimilation and atmospheric inverse modelling to aggregate high-resolution observations into coarser, 
representative averages. They were averaged on a grid of ca. 25 km resolution, resulting in a reduced 
data volume, to mitigate the risk of over-representing densely sampled regions. This process also helps 
align the observational data with the resolution of the assimilation model, improving consistency and 
reducing representativeness errors. Observation errors of approximately 2% of total column 
concentrations for IASI and less than 1% for GOSAT were used, while the average uncertainty of 
TROPOMI observations provided as part of the CH4 product was below 1%. 
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Figure 3.1. Vertical sensitivities (left panel) and total number of active observations (right panel) for the 3 observation streams used in March. 

 

3.5 Experiment setup 

On 12 November 2024, the operational IFS cycle was upgraded from CY48R1 to CY49R1. This upgrade 
included several modifications with respect to CY48R1 related to the NWP component (Roberts et al., 
2024) and the GHG modelling and data assimilation component 
(https://confluence.ecmwf.int/pages/viewpage.action?pageId=394237962). As a result, the results we 
provide are based on CY48R1 for the period 1st January to 31 October 2024, and on CY49R1 from 1 
November until the end of the year. To ensure consistency between the two experiment setups, the 
CY49R1 experiment presented in this deliverable was performed using the settings from the CY48R1 
experiment. Any remaining cycle differences are due to the IFS NWP model and data assimilation 
configuration described in an ECMWF Newsletter article by Roberts et al. (2024). As part of this 
deliverable, we investigated the impact of the cycle change on posterior methane emissions for an 
overlapping period between both experiments in October and November 2024.  

For this task we, used the IFS cycles CY48R1 and CY49R1 with the transition occurring on 1 November 
2024. The inversion settings were kept the same between the cycles. The CY48R1 experiment was 
initialized from the operational CAMS GHG analysis, while the CY49R1 experiment was initialized from 
the CY48R1 experiment for continuity.  

This report describes a deliverable of TROPOMI-informed global daily prior and posterior emissions for 
the year 2024. The prior and posterior fluxes are reported for the sum of the anthropogenic sectors and 
for the total CH4 flux.  

  

https://confluence.ecmwf.int/pages/viewpage.action?pageId=394237962
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Figure 4.1. IFS forecasts for the plume event in Buenos Aires (top left). Forecasts on the day before the detection (top row) and forecasts on 
the day of the detection (bottom row) for the cases of 12-h assimilation window without TROPOMI assimilation (NOS5P), with TROPOMI 
(S5PSO) and for the 24-h assimilation window with TROPOMI (S5P24SO).  

 

4. Results 

4.1 CH4 plume representation in IFS forecasts 

First, we investigate the impact of assimilating TROPOMI observations on the representation of CH4 
emission plumes in IFS. A series of experiments have been conducted to test different inversion 
configurations, with particular emphasis on how we assimilate TROPOMI CH4 observations and how this 
impacts the representation of CH4 plumes in the system. Specifically, we compared 3 inversions 
configurations using 12-h assimilation window without TROPOMI (NOS5P), with TROPOMI (S5PSO) and 
24-h window with TROPOMI (S5P24SO). In all experiments super-observations were used. 

The baseline inversion setup at ECMWF uses a 12-h assimilation window (borrowed from the NWP 
system) and superobbed observations. While plume representation is inherently challenging due to the 
coarse resolution of the state vector, our experiments suggest that the use of TROPOMI data and a 24-
h assimilation window could increase the system’s ability to resolve high emission events at plume scale. 
This is demonstrated in a case study over Buenos Aires on 22 March 2024 (Figure 4.1) where a CH4 
plume was detected. The top panels in Figure 4.1 show no methane enhancements on 21 March, 
indicating that the plume indeed starts developing on March 22nd. This event was missed by the baseline 
12-h window experiment without the S5P data (bottom left panel, NOS5P), while the inclusion of S5P in 
12-h window shows some limited ability to capture the event. The 24-h window setup showed improved 
capability to represent the plume event in the forecast (bottom right panel, S5P24SO). This is attributed 
to the higher emission increments resulting from the improved observational constraint provided by the 
24-h assimilation window.   

In the current inverse framework implementation, a known limitation arises when dealing with transient 
plumes dispatched from their sources. In such cases, prior emissions are not described in the inventory 
and as a result the inversion will not be able to adjust them, as the optimization is based on a 
multiplicative scaling factor. This can be seen in Figure 4.2 with a transient plume detached from its 
source, most likely from a pipeline indicated with the orange circle. The prior emission inventory shows 
no emissions for this area, resulting to no posterior correction. 
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Figure 4.2. Top plot a CH4 transient plume detected by TROPOMI with the most likely source -indicated with the red circle- being a gas 
compressor station. Bottom left and right plots show the prior and posterior emissions respectively. 

 

4.2 Impact of IFS cycle upgrade on posterior CH4 emissions 

Next, we investigate the impact of the upgrade from IFS CY48R1 to CY49R1 on posterior methane 
emissions. A 32-day period from 10 October until 10 November, during which an inversion experiment 
for each IFS cycle was run, was selected to investigate potential differences in the posterior emissions. 
Inversion settings (e.g. assimilated observations, prior emissions, etc..) were replicated across the 2 
cycles, as well as the background errors for the state optimization, to ensure a fair comparison. Posterior 
estimates exhibit minor differences globally but show larger local variations reaching 30% - 40% (Figure 
4.3). Although strong relative increase is shown in Greenland and Antarctica, this is driven due to the 
division by very small numbers. The absolute emission differences show no significant change. 

 

Figure 4.3. Relative differences in prior (left panel) and posterior (right panel) emissions between the CY48R1 and CY49R1 ((CY49R1 – CY48R1) 
/ CY48R1 ´ 100%). 
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Figure 4.4. Time series of the total methane flux (global sum) for the overlapping period for the IFS CY48R1 (blue) and CY49R1 (orange) 
experiments. The prior (black dashed line) is identical for the two experiments.  

 

A time series of the global total daily emission budgets is presented in Figure 4.4. On most days, the 
CY48R1 and CY49R1 experiments agree on the sign of the posterior emission correction. The 48R1 
experiment shows positive posterior emission increments on some days, while posterior emissions in 
49R1 experiment are corrected downward. The differences in daily global emission budgets between 
the two experiments are within 5%.  

Furthermore, we investigated the impact of the IFS cycle upgrade on simulated total column CH4 by 
comparing against independent measurements from the TCCON network. This model-observation 
comparison is based on the model forecasts of the CH4 total column initialized with the optimized state 
and emissions from the previous assimilation window. For the time period in consideration, only 
observations from three TCCON stations in North America are available. The summary statistics for this 
comparison are shown in Figure 4.5. Only one of these stations (Edwards, in California) is located near 
a region with large posterior emission differences between CY48R1 and CY49R1 (Fig. 4.3). For this site, 
the model-observation bias is decreased substantially from 7.5 to 3.1 ppb in CY49R1 compared to 
CY48R1 (Fig. 4.5). The other comparison statistics show neutral performance between CY48R1 and 
CY49R1 for this site. At the other measurement sites, where differences between posterior emissions 
are minimal, the model-observation bias is similar between model cycles. CY49R1 performs better for 
the other comparison statistics at the other sites, which could reflect the impact of remote emission 
changes or improved atmospheric transport. Based on this comparison, we find that the performance 
of CY49R1 is neutral to positive compared to CY48R1, noting that this comparison is compromised by 
limited data availability.  
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Figure 4.5. Summary statistics for a model-observation comparison between IFS (CY48R1 in blue; CY49R1 in orange) and TCCON total column 
CH4 observations for East Trout Lake (Saskatchewan, CA; Wunch et al. 2022), Edwards (California, USA; Iraci et al., 2022), and Park Falls 
(Wisconsin, USA; Wennberg et al., 2022).   

 

4.3 Temporal variability in prior and posterior CH4 emissions 

Here we investigate the temporal variability in the prior and posterior emissions. The day-to-day 
emission for the anthropogenic and total fluxes in 2024, presented as daily global sums, is shown in 
Figure 4.6. Prior anthropogenic emissions peak in the Northern Hemisphere summer (due to emissions 
from livestock and agricultural soils) and show a secondary peak in November-February driven by 
livestock emissions in both the Northern and Southern hemispheres. The total methane flux peaks in 
August, slightly later than the anthropogenic flux, which is largely driven by wetland emissions in the 
Northern Hemisphere.  

The posterior correction in the global anthropogenic and total fluxes on individual days is typically within 
10%, except March 23rd, when anthropogenic emissions are increased by 45%. This large emission 
increase is driven by simultaneous positive posterior flux corrections in parts of Argentina, Venezuela, 
Chad, Nigeria, India and China. This increase in anthropogenic emissions on this day also visible in the 
total emissions.  

The 2024 yearly total methane flux budget is changed slightly from 552 Mt CH4 yr-1 to 550 Mt CH4  
yr-1. This is below the range of 581-627 Mt CH4 yr-1 (best estimate: 608 Mt CH4 yr-1) reported by Saunois 
et al. (2025; hereafter S25), which is based on seven inversion systems for 2010-2019. For Europe (the 
European Union, the United Kingdom, Norway and Switzerland, hereafter EU27+3), the IFS-derived 
posterior total methane flux is 31 Mt CH4 yr-1

, which is slightly lower than the prior flux of 32 Mt CH4 yr-

1. The IFS posterior estimate is above the posterior estimate of 23 Mt CH4 yr-1 for the EU27+3 in 2018 
by Broquet et al. (2024). The IFS posterior methane flux agrees better with the European posterior 
methane flux estimate of 31 Mt CH4 yr-1 for 2010-2019 by S25, although this study used a larger 
geographical area that also includes Ukraine, Belarus, Iceland, Svalbard and Greenland.  

The posterior anthropogenic methane flux 23 Mt CH4 yr-1, decreased by 0.1% compared to the prior. 
This is within the range of 22-27 Mt CH4 yr-1 for 2010-2019 reported by S25. The main differences 
between the IFS prior inventory CAMS-GLOB-ANT (hereafter CGA) and S25 are driven by two sectors: 
landfills and waste (CGA: 9.2 Mt CH4 yr-1; S25: 8.3 Mt CH4 yr-1) and fugitive emissions from the oil and 
gas sector (CGA: 3.0 Mt CH4 yr-1; S25: 1.9 Mt CH4 yr-1). For these sectors, CGA reports higher emissions 
than S25, despite the larger geographical area used in that study. One potential explanation is the trend  
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Figure 4.6. Temporal variability in the global sum of prior (dashed lines) and posterior (solid) emissions for anthropogenic (blue) and total 
(orange) CH4 fluxes. Note that ocean grid cells have been excluded from these time series. 

 

extrapolation used to calculate post-2015 emissions for CAMS-GLOB-ANT, which may lead to different 
emissions compared to other inventories based on actual data for the past decade. 

 

4.4 Spatial variability in prior and posterior CH4 emissions 

Here we describe the spatial distribution of prior and posterior methane emissions. Figures 4.7 and 4.8 
present the average total and anthropogenic CH4 emissions for 2024 at 0.25o x 0.25o resolution showing 
the prior, posterior, their difference (posterior - prior) and their relative difference (100 × (posterior – 
prior) / prior (%)). Since anthropogenic emissions dominate over natural sources in mid to high latitudes, 
the spatial distribution of total emissions there closely reflects that of the anthropogenic component.  

The inversion reveals modest relative increases in emissions globally, typically within 10%. More 
substantial corrections appear over major oil and gas producing regions. In the Persian Gulf, prior 
emissions are reduced by approximately 30%, while significant emission increases of around 40% are 
observed in the southeast Caspian Sea region, particularly over Iran and Turkmenistan. Similar emission 
increments are observed along the Gulf of Mexico coastline, and in Texas, suggesting that the prior 
inventory underestimates emissions in these areas.  
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Figure 4.7. Annual average CH4 total emissions from IFS inversion at 0.25o x 0.25o for 2024. Prior (top left), posterior (top right), flux innovation 
as posterior – prior (bottom left), relative difference as 100*(post - prior)/prior (bottom right). 

 

Figure 4.8. Annual average CH4 anthropogenic emissions from IFS inversion at 0.25o x 0.25o for 2024. Prior (top left), posterior (top right), flux 
innovation as posterior – prior (bottom left), relative difference as 100*(post - prior)/prior (bottom right). 
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5. Conclusions 

A full year (2024) of atmospheric methane inversion was performed to optimize prior emission 
estimates, assimilating satellite observations from the TANSO, IASI and TROPOMI instruments. The IFS 
4D-Var data assimilation system was used, performing a simultaneous optimisation of the meteorology, 
the atmospheric concentrations, and the emissions. The dataset consists of total and anthropogenic 
only methane fluxes. The transition from IFS cycle CY48R1 to CY49R1 is incorporated into the dataset 
starting on November 1st. 

First, we have shown the results of test experiments related to the representation of emission plumes 
in the inversion system. The IFS inversion system with a 24-window and assimilated TROPOMI CH4 
observations has increased sensitivity to strong, localized emission events. However, this configuration 
is unable to correct the emissions for transient plumes, when the prior emissions are absent in the 
inventory. This is due to the current emission optimization implementation where multiplicative scaling 
factors are being used.  

Second, we compared the impact of the IFS cycle upgrade from CY48R1 to CY49R1 on posterior 
methane fluxes. This upgrade leads to small differences in global total emission corrections on individual 
days (<5%). Locally, the difference in posterior emissions between IFS cycles is 30-40%. The CY49R1 
inversion performs better than CY48R1 compared against observations at three North American TCCON 
with valid data in October 2024. 

Third, we presented prior and posterior emissions from the one-year inversion. We find differences of 
less than 1% between the global prior and posterior emission budgets at the annual scale. Although 
spatial differences are generally small, the inversion reveals significant local corrections of up to 30% - 
40% in regions with oil and gas production activities such as the Caspian Sea, Gulf of Mexico and Texas. 
Using the 24-hour assimilation window shows increased sensitivity of the inversion system which results 
to larger emission corrections. This highlights the importance of using a long assimilation window when 
inverting long-lived species.  

As part of the preparations for the CAMS greenhouse gas emission monitoring service (CO2MVS), 
ongoing work focuses on the development of a long-window emission inversion system, which 
propagates concentration increments backwards in time via ensemble-based covariances between 
emissions and atmospheric transport. This system will be better suited for emission inversions of long-
lived greenhouse gases such as methane. To further improve the representation of (transient) CH4 
emission plumes, we are currently investigating an approach to assimilate plume-derived emission 
estimates. Detected plumes will be used to infer the emission sources and locations and their associated 
uncertainties, which will be incorporated directly into the posterior emission estimates in a statistically 
coherent manner. 
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