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Satellite measurements are an indispensable tool for the global monitoring of anthropogenic greenhouse gas emissions. While 
it is not a primary mission goal, the Environmental Mapping and Analysis Program (EnMAP) satellite is able to measure carbon 
dioxide and methane emission plumes from localized hotspot sources.

We compare methods to get emission estimates from these measurements. We use a physical retrieval (RemoTeC) which 
yields integrated column densities for the targeted greenhouse gases, a statistical retrieval (matched filter) which yields a map 
of enhancements, and a combined method which uses the physical accuracy of RemoTeC and the statistical information from 
the matched filter.

This poster shows first results, further investigation needs to be done
- Investigate causes for differences between methods
- Improve plume mask algorithm to be able to perform emission estimation
- Investigate scenes with more difficult conditions (darker, more albedo variability)
- Evaluate scenes with CO2

 sources

RemoTeC Matched Filter Combined Method
- Physical retrieval [Butz et al., 2009] for non-scattering atmosphere 

using the strong absorption bands
- Details like e.g. surface albedo polynomials can be included in the 

model

- Line-wise matched filter [e.g. Foote et al., 2020] with iterative 
background selection using noise-equivalent enhancement

- Uses statistical spatial information gathered from the scene
- Unit absorption spectra are calculated using RemoTeC

Goal: Use spatial information about the scene to find a more accurate 
estimation of the measurement error, based on [Hochstaffl et al., 
2023]
- Use RemoTeC for retrieval
- Input measurement covariance matrix calculated using matched 

filter

Methods

First Results

Discussion & Outlook

Conversion to Enhancement Maps
- Destripe by subtracting median of each line
- Coarsen to 90 x 90 m2 resolution using cross-shaped kernel

Plume Detection Algorithm [Varon et al., 2018]
- Sample region for background concentration
- Perform z-test for pixels around the plume
- Smoothen the retrieved plume mask

Emission Estimation using IME Method [Varon et al., 2018]
- Calculate integrated mass enhancement (IME)
- Calculate source rate according to                   , where Ueff is the 

effective wind speed calculated from U10, and L is the plume 
size calculated as                with the area of the plume A

Emission Estimation Integrated Mass Enhancement for Selected Plumes

Left: Oil- and gas facilities in Turkmenistan (02.10.2022). Center: Coal mining near Shanxi, China (30.03.2023). Right: 
Landfills near Pinto, Madrid (06.12.2024). Tables show the integrated mass enhancement for each of the detected plumes for 
all three retrieval methods.

More scenes available online (scan QR code). Some scenes were chosen for comparison with [Roger et al., 2023]. Preview of 
results for CO2 available in [Borger et al., 2025].

Albedo FeaturesDifferences in Retrieved Enhancements
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RemoTeC Matched Filter

- Physical retrieval allows fitting an albedo 
polynomial, removing some surface 
features

- Particularly well-suited for CH4 retrievals 
for pixels with asphalt, as its spectral 
structure interferes [Jandl, 2023]

RemoTeC Matched Filter

Top: Oil- and gas facilities in 
Turkmenistan (02.10.2022). 
Bottom: Landfills near Delhi, 
India (29.11.2022)
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- Matched filter retrieves slightly larger enhancements than 
RemoTeC

- Combined method retrieves much larger enhancements than 
RemoTeC without retrieving larger backgrounds
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Integrated mass enhancement for 49 sources across 18 scenes

Top row: Oil- and gas facilities in 
Turkmenistan (02.10.2022). Differences 
between retrievals. Bottom: Retrieved 
XCH4 before destriping or coarsening 
for the entire scene.
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