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Abstract: The detection and monitoring of methane anthropogenic emissions is of vital importance in
order to curb global warming. Satellite-based imaging spectrometers, such as PRISMA and EnMAP,
have proven instrumental in this task. Methane absorption features from the shortwave infrared
spectral range (1000–2400 nm) are exploited by algorithms such as the matched-filter. This method
can correctly characterize methane plumes, but retrieval artifacts disturb methane plume detection
when using only those spectral channels related to the methane absorption features. Retrievals
from simulated plumes and real emission cases from PRISMA and EnMAP data cubes are used to
demonstrate that using the whole shortwave infrared region in the matched-filter method results in a
better plume detection.
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1. Introduction

Methane (CH4) plays an important role in slowing global warming in the short to
medium term due to its relatively short lifetime in the atmosphere (~10 years) and a
global warming potential in the next 20 years almost 100 times greater than carbon dioxide
(CO2) [1]. Within the range of anthropogenic methane emissions, the coal mining and the
oil and gas sectors have been identified as the most efficient sources for reducing emissions.
Generally, in these sectors, methane is released from point sources generating concentrated
emissions in the form of a plume. Satellite remote sensing has proven to be an optimal tool
for the detection of and an optimal tool for detecting and monitoring these plumes, which
is key to planning mitigation strategies [2]. In particular, hyperspectral missions such as
PRISMA and EnMAP, which use imaging spectroscopy, measure solar radiation reflected by
the earth in the 400–2500 nm spectral range, where there are absorption windows that allow
methane to be characterized. One of the most commonly used methods to detect plumes in
imaging spectroscopy is the matched-filter. Although this method allows us to characterize
methane emissions, some area structures are erroneously confused for methane in the
methane concentration maps, which makes plume detection difficult. In this work, we will
exploit the spectral range of application of the matched-filter method in order to improve
plume detection. In this context, we will also investigate whether there is an improvement
in methane plume quantification.

2. Materials and Methods
2.1. Materials

In this work, we have used 2 L1B and 1 L1 data cubes from the EnMAP and PRISMA
missions, respectively. From EnMAP, we use a data cube from the Hassi Messaoud oil and
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gas field in Algeria (lat, lon = 31.782, 5.960) and other close to the Apex landfill location in
Nevada, U.S. (lat, lon = 36.386, −114.907). From PRISMA, we use a data cube from a coal
mine site in the city of Shanxi in China (lat, lon = 37.828, 113.715).

2.2. Matched-Filter Method

In order to retrieve methane concentration maps, we use the matched-filter method.
This algorithm models the data cube as a multivariate Gaussian distribution and as-
sumes area homogeneity and methane sparsity. Those pixels more distant from the mean
spectrum whose difference can be related to methane absorption will obtain a higher
methane concentration enhancement value, i.e., concentration in reference to the back-
ground levels. Satellite-based imaging spectrometers operate in the visible and near
Infrared (VNIR: 400–1000 nm) and in the shortwave Infrared (SWIR: 1000–2400 nm) spectra.
From the latter, a weak and a strong absorption window can be found around 1700 nm and
2300 nm, respectively. In the bibliography, the matched-filter applied in the 2300 nm win-
dow spectral range (2300-MF) is extensively used [3,4]. However, when using 2300-MF, we
can usually find structures that erroneously score as methane emissions in the methane
concentration maps. This leads to the existence of false positives and other retrieval artifacts
that complexify the plume detection capability. One of the causes that can lead to retrieval
artifacts is the similarity of the related structures to methane spectral absorption features.
In order to deal with these retrieval artifacts, we change the spectral range of application of
the matched-filter to the whole SWIR spectrum (SWIR-MF). Structures overlapping with
methane absorption features at the 2300 nm window could present other features along the
SWIR spectrum that methane does not. Therefore, because of a more stringent spectrum to
match, SWIR-MF would attenuate or practically remove retrieval artifacts. Additionally,
the more demanding spectrum will generally attenuate the retrieval values. Consequently,
those pixels with higher values in the SWIR-MF will be changed to their 2300-MF values to
avoid new disturbing enhancements. Because of the retrieval attenuation, we will show
methane concentration maps in the range of values from 0 to 3 times its standard deviation
(σ). In this manner, we can compare the relative contrast between the methane emissions
and the background to assess the plume detection capability.

2.3. Quantification and Detection of Methane Emissions

We also assess the quantification capability of 2300-MF and SWIR-MF with simulated
plumes. These are generated by large-eddy simulations with the weather and research
forecasting model (WRF-LES) [5] adapted to the spatial sampling of our data. We calcu-
late the total excess of methane mass of the plume with the IME (kg) magnitude as in
Frankenberg et al. [6] for both spectral ranges, and compare to the IME of reference (IMEre f).
Additionally, a methane emission is detected when it originates from a potential source
and aligns to wind direction. We check the former with radiance bands from the data cube
and high spatial resolution images (e.g., Google Earth) and the latter from the GEOS-FP [7].

3. Results
3.1. End-to-End Simulation Analysis

In Figure 1, we can observe the methane retrievals of the 2300-MF (top-left) and the
SWIR-MF combined with the 2300-MF (top-right) where a simulated plume (at the center
of each retrieval) was implemented in a data cube in a Nevada site. We can observe that
in the 2300-MF, there is a pronounce retrieval artifact that comes from solar panels, but in
the combined matched-filter this is practically removed. Additionally, background noise
around the plume is attenuated because of the combination of both retrievals.
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Figure 1. Methane retrieval using 2300-MF (top-left) and the combined matched-filter (top-right) 
from an EnMAP data cube in Nevada with a simulated plume, and the reference IME (IMEre f) vs. 
the calculated IME from the 2300-MF (blue) and the SWIR-MF (red) divided by IMEre f (bottom). 

In Figure 1, we also show the comparison between the quantification for the 2300-MF 
and SWIR-MF method (bottom). We see that at low IME values, both are distanced from 
the IMEre f. This is because we are under the detection limit, and it is difficult to characterize 
the plume. However, at higher IME values, 2300-MF becomes closer to the IMEre f in refer-
ence to SWIR-MF. 

3.2. Real Cases 
In Figure 2 are real cases of methane emissions with the 2300-MF and the SWIR-MF 

combined in an oil and gas site in Argelia, coming from a potential emitting facility and 
in a coal mine site in China from a venting shaft. Both plumes are located at center of each 
panel, and follow an easterly direction that was confirmed with GEOS-FP data. 

 

Figure 1. Methane retrieval using 2300-MF (top-left) and the combined matched-filter (top-right)
from an EnMAP data cube in Nevada with a simulated plume, and the reference IME (IMEre f) vs. the
calculated IME from the 2300-MF (blue) and the SWIR-MF (red) divided by IMEre f (bottom).

In Figure 1, we also show the comparison between the quantification for the 2300-MF
and SWIR-MF method (bottom). We see that at low IME values, both are distanced from the
IMEre f. This is because we are under the detection limit, and it is difficult to characterize the
plume. However, at higher IME values, 2300-MF becomes closer to the IMEre f in reference
to SWIR-MF.

3.2. Real Cases

In Figure 2 are real cases of methane emissions with the 2300-MF and the SWIR-MF
combined in an oil and gas site in Argelia, coming from a potential emitting facility and in
a coal mine site in China from a venting shaft. Both plumes are located at center of each
panel, and follow an easterly direction that was confirmed with GEOS-FP data.
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For the combined matched-filter applied in the Argelia site data cube, we can see
a subtle attenuation in retrieval artifacts coming from oil and gas facilities and a major
reduction in background noise. On the other hand, in the China site, retrieval artifacts
coming from an urban area are practically removed, and there is also a substantial reduction
in background noise.

4. Conclusions

The matched-filter applied to the whole SWIR spectral range combined with the
matched-filter applied to the 2300 nm methane absorption window is able to reduce back-
ground noise and attenuate retrieval artifacts, which improves methane plume detection.
However, the quantification of the methane plume is better preserved with the matched-
filter applied to the 2300 nm window.
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