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1. Overview
The purpose of the Validation Report for the short-wave infrared (VR SWIR) technical
note is on the one hand to assess the data quality of the different products by validation
with external independent reference measurements and on the other hand to work out
differences of the data products by detailed inter-comparison between them. This
information is crucial for next steps of the project in which these data products are
assimilated in the inverse modelling systems to infer fluxes global fluxes.
SRON the Netherlands Institute for Space Research develops the retrieval algorithm
for the operational processing of TROPOMI XCH4 data by ESA. Furthermore, in the
software deployment cycle SRON provides a scientific beta product that already
includes updates and improvements of the XCH4 retrieval. SRON focused in this
project in providing the SRON S5P-RemoTeC scientific TROPOMI XCH4 product with
the latest updates that will be implemented in the operational processing in the
processor update foreseen for June 2021. The focus in the project is to validate this
scientific (beta) product to assess the quality of data after the improvements have been
implemented (Sect. 2). Furthermore, SRON focusses on the analysis over regions that
are challenging for the retrieval to asses that the developments implemented in the
SRON S5P-RemoTeC scientific product work in the right direction (Sect. 4.1).
The Institute of Environmental Physics of the University of Bremen (IUP-UB) focussed
in this project on the following aspects: (i) Provision of a S5P/TROPOMI XCH4 data set
retrieved with the scientific algorithm “Weighting Function Modified Differential Optical
Absorption Spectroscopy” (WFM-DOAS or WFMD). This data set is referred to as
WFMD data set in this document. (ii) Validation of this WFMD data set by comparisons
with TCCON ground-based XCH4 retrievals (Sect. 3). (iii) Comparisons of the WFMD
data set with the operational Copernicus S5P TROPOMI XCH4 product (referred to as
OPER product in Sect. 4.2) focussing on selected regions showing locally elevated
methane (Sect. 4.2). In addition, comparisons have been conducted with the SRON
S5P-RemoTeC scientific TROPOMI XCH4 product generated at SRON with an
improved version of the operational algorithm (Sect. 4.3, referred to as OPERbeta in
that section).
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2. SRON SWIR XCH4 TROPOMI product
In this section the scientific SRON S5P-RemoTeC TROPOMI CH4 dataset is
presented. The scientific SRON S5P-RemoTeC algorithm will be implemented in the
next processor update of the TROPOMI XCH4 operational algorithm foreseen for June
2021. The updates of the scientific SRON S5P-RemoTeC retrieval algorithm to retrieve
TROPOMI XCH4 relate to the regularization scheme, the selection of the spectroscopic
database and a more sophisticated a posteriori correction for the albedo dependence.
The regularization scheme is updated with a constant regularization parameter for both
CH4 and the retrieved scattering parameters, which stabilizes the retrieval and yields
less scatter in the TROPOPOMI XCH4 data (Lorente et al., 2021). The spectroscopic
database has been updated to the Scientific Exploitation of Operational Missions –
Improved Atmospheric Spectroscopy Databases database (the SEOM-IAS database)
(Birk et al. (2017), Hase et al. (2018)), that was derived in a dedicated project for the
improvement of spectroscopic databases for the interpretation of TROPOMI
observations. The use of the SEOM-IAS database provides better fitting results in the
retrieved XCH4 compared to the HITRAN 2008 and HITRAN 2016 database (Lorente
et al. 2021). The most relevant update is the implementation of an a posteriori
correction that is fully independent of any reference data that has been derived using
only TROPOMI XCH4 data. The correction is more accurate than the one implemented
at the beginning of the mission, as it corrects more accurately the strong XCH4
underestimation at low surface albedo scenes and also corrects for the positive bias in
scenes with high surface albedo. All these updates have resulted in a TROPOMI XCH4
product with high quality as demonstrated by the validation with independent groundbased measurements and the comparison with GOSAT satellite XCH4 data (Lorente et
al., 2021).
The scientific SRON S5P-RemoTeC XCH4 product covers the time period November
2017 to December 2020, and it is described in detail in Lorente et al. (2021). The
algorithm has been designed to provide accurate and precise retrievals for clear-sky
scenes with minor scattering by aerosols and optically thin cirrus. Thus a strict cloud
filter is applied based on observations of the Visible Infrared Imaging Radiometer Suite
(VIIRS) aboard the Suomi-NPP and other retrieved parameters. A posteriori correction
to the retrieved XCH4 over land is applied to account for the dependence on the
retrieved surface albedo in the short-wave infrared (SWIR) spectral band, explained in
detail in Lorente et al. (2021). The results shown in this section refer to the corrected
XCH4 product unless stated otherwise. The data over oceans were derived from
measurements under sun-glint geometries. These retrievals are not yet corrected for
any dependence on the signal strength but a similar correction, as applied for retrievals
over land, is under development at the moment. A demonstration of the dataset is
shown in Figure 1 which represents a two years average of XCH4 retrieved with the
SRON S5P-RemoTeC from the TROPOMI data.
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Figure 1: Global averaged TROPOMI XCH4 distribution for the period 1 Jan 2018 31 Dec 2019
represented on a cylindrical equal-area grid with 0.3° x 0.5° resolution at the Equator based on
retrievals of the SRON S5P-RemoTeC scientific algorithm.

2.1.

TCCON Validation of TROPOMI XCH4

For the validation of TROPOMI XCH4 data, ground-based measurements from the
TCCON network are used. The TCCON network of ground-based Fourier transform
spectrometers (FTS) is the state-of-art validation system for satellite measurements.
Additionally, EM27/SUN spectrometers have been developed and the COllaborative
Carbon Column Observing Network (COCCON) has been created (Frey et al., 2019),
with the added value that it is more feasible to place this type of instruments at location
where TCCON is less represented (e.g., high surface albedo, high latitudes). In this
project and in the operational validation of TROPOMI XCH4 only TCCON data has
been considered, but there have been already some studies where TROPOMI XCH4
data has been validated against measurements from the COCCON network (e.g., Tu
et al., 2020).
2.1.1. TCCON Validation of TROPOMI XCH4 over land
The SRON S5P-RemoTec scientific XCH4 dataset is validated with independent XCH4
retrievals from ground-based Fourier Transform measurements (FTIR) performed by
7
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the Total Carbon Column Observing Network (TCCON). (Wunch et al., 2011). All the
ground-based measurements are processed using the GGG2014 standard retrieval
code (Wunch et al., 2015) and are freely available at https://tccondata.org/. We used
13 ground-based stations located in both the Northern and Southern Hemisphere, and
we validate the data for a period of 2 years (January 2018– December 2019).
A TCCON station can be overpassed by TROPOMI one or two times a day. For the
validation, we average the TROPOMI XCH4 retrievals from one orbit overpass within
a radius around each station of 300 km. The selection of the radius is based on a tradeoff between having enough data for a robust validation and statistics. For a stricter
collocation criterion of 100 km radius, the number of points is reduced significantly,
but the results of the validation do not change. The average retrieved TROPOMI XCH4
is then compared with the average of the retrievals from a TCCON stations that fall
withing ± 2 hours of the TROPOMI overpass time.
For each TCCON station we calculate a mean bias and its standard deviation from the
time series of collocated XCH4 retrievals which quantifies the data quality on a regional
scale. To analyse the global agreement between TCCON and TROPOMI we
furthermore compute the average of the station biases and its standard deviation as a
measure of the station-to-station variability.
Figure 2 shows the time series of the average XCH4 retrievals of TROPOMI in
comparison with the collocated measurements of each TCCON station averaged within
± 2 hours of the TROPOMI overpass time. The TROPOMI data can clearly capture the
temporal variability of XCH4 in good agreement with the one measured by the groundbased stations such as the seasonal cycle and the year-to-year increase in XCH4
concentrations.
A summary of the validation results is given in Figure 3; Figure 3a shows the mean
bias and the standard deviation for each of the stations and Figure 3b shows a
correlation plot of all the paired collocations between TCCON and TROPOMI
retrievals. The average bias for all the stations is -0.2% (-3.4 ppb) and the station-tostation variability is 0.3%. Before the correction, the agreement is -0.9% (-17 ppb) and
the station-to-station variability is 0.6%. With this we can conclude that the scientific
SRON S5P RemoTeC TROPOMI XCH4 data set is well within the mission
requirements of 1%, even before the posterior correction is applied.
The validation at high latitude stations such as East Trout Lake and Sodankylä show
that there is a seasonality in the bias between TROPOMI and TCCON XCH4 which is
positive during the February-April period and changes to negative bias around May,
increasing then to reach high negative bias in autumn. This seasonality correlates with
the presence of snow on the region where the stations are located, as indicated by low
surface albedo retrieved in the SWIR together with high surface albedo in the NIR (not
shown).
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To filter for such scenes covered with snow or ice, Wunch et al. (2011) introduced the
so-called blended albedo, which combines the surface albedo retrieved in the NIR and
SWIR. Scenes covered by snow are characterized by low spectrum intensity in the
SWIR, so the signal to noise ratio is a limiting factor for the TROPOMI retrieval
performance under these conditions.
By applying a threshold value between 0.85-0.95 for the blended albedo these
problematic scenes could be removed. Hence, the influence of snow should be
considered when using TROPOMI XCH4 data over snow-covered scenes, especially
for high latitudes.
2.1.2. TCCON validation of TROPOMI XCH4 over the oceans (sun-glint
geometries)
XCH4 retrievals over the oceans under sun-glint geometry is an extension of the
scientific TROPOMI data product that is still under development. Even though the
XCH4 data is not yet corrected for a signal dependency we perform a first validation
using TCCON stations located on islands or close to the ocean at land.
Figure 4 shows the summary of the validation and gives an example of the time series
for the stations Burgos and Saga. Here, the validation results of the stations Ascension
and Reunion Island are based on very little data available for the analysed period, thus
the statistics shown should be considered with this in mind.
Similarly as over land, we can conclude that the variability in XCH4 as captured by the
ground-based measurements stations is in good agreement with the one measured by
TROPOMI. The overall bias is -15 ppb and the station-to-station variability is 9.2 ppb.
Consequently, the magnitude of the bias and its variability is similar to the ones found
for the validation of the XCH4 data product over land before we applied the albedo
correction. Hence, the TROPOMI XCH4 retrievals need a signal dependent correction
but will show a similar data quality as measurements over land.
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Figure 7. Time series of daily averaged XCH4 measurements from TROPOMI (red) and TCCON (blue) over the selected stations for the

Figure 2: Time series of daily averaged XCH4 measurements from TROPOMI (red) and TCCON

period
Dec the
2018period
– 31 Dec12019.
TROPOMI
measurements
around a circle of 300 km radius around each station have been selected for the
(blue)1 for
of Jan
2018–31
of Dec 2019.
comparison.

15
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(a)

(b)

Figure 3: Mean differences between TROPOMI and TCCON XCH4 (DXCH4), the standard deviation
of the differences (sXCH4) and the number of collocations for each of the stations. (b) Correlation
of daily average XCH4 measured by TROPOMI and TCCON for all the stations.
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Figure 4: TROPOMI XCH4 under glint geometry: (Left) Mean differences between TROPOMI and
TCCON XCH4, the standard deviation of the differences and the number of collocations for each
of the stations for ocean measurements performed under sun-glint geometry. (Right) Time series
over Burgos and Saga.
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2.2.

Intercomparision of TROPOMI and GOSAT XCH4

A global impression of the data quality of the scientific TROPOMI XCH4 data product
can be obtained by satellite intercomparison with XCH4 retrievals from
measurements by the Thermal and Near Infrared Sensor for Carbon Observation
Fourier transform spectrometer (TANSO-FTS) on board the Greenhouse gases
Observing SATellite (GOSAT) satellite.
For this we use the GOSAT proxy XCH4 data product that is retrieved using the
RemoTeC/proxy retrieval algorithm. The proxy approach assumes that the light path
modifications in the atmosphere are the same for the target absorber and the proxy
absorber CO2, whose prior is assumed to be known with high accuracy (Frankenberg
et al, 2005). There is also a full-physics data product from GOSAT measurements,
however the data yield of the full-physics GOSAT product is smaller due to the strict
filtering needed to minimize the scattering-related error.
For the analysis over land, we compare XCH4 retrieved from TROPOMI and GOSAT
measurements for a period of 2 years (January 2018– December 2019). We compare
daily collocations averaged to a 2 x 2 degree grid.
The comparison yields a mean bias of -10.3 ± 16.8 ppb; overall compared to GOSAT,
TROPOMI XCH4 is lower, especially in the regions around the tropics. The overall
underestimation is stronger in the non-corrected XCH4, reflecting that the albedo
correction improves the TROPOMI XCH4 that is too low in areas where the surface
albedo is low. This bias between TROPOMI and GOSAT is still under investigation and
most probably reflects a different approach in the correction for the signal dependent
bias in the XCH4 retrieval.
The good agreement between TROPOMI and GOSAT, which is of the same order of
magnitude as the agreement with TCCON, highlights the high quality of the scientific
S5P-RemoTeC XCH4 dataset.
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Figure 5: Global distribution of the ratio of GOSAT to TROPOMI XCH4. Daily collocations are
averaged to a 2° x 2° grid.

We perform a similar intercomparison as the one for measurements over land to ocean
measurements over sun-glint geometries. The overall bias is -7.8 ± 14.7 ppb, bias
which is of similar magnitude as the one for the measurements over land without the
correction (-9.7 ppb ± 20.8 ppb).

Figure 6: (Left) Global distribution of the ratio of GOSAT to TROPOMI XCH4 and (right) correlation
plot between TROPOMI and GOSAT XCH4. Daily collocations are averaged to a 2° x 2° grid.
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3. Validation of IUP-UB SWIR XCH4 TROPOMI product
In this section the validation of the scientific TROPOMI/WFMD version 1.2 XCH4 data
product is described (see Schneising et al., 2019, 2020, for details). This product
covers the time period November 2017 to July 2020.
How this product “looks like” is shown in Figure 7-Figure 9. The global distribution of
retrieved XCH4 is shown in Figure 7. Clearly visible is the interhemispheric gradient
with larger values on the Northern Hemisphere, where the majority of sources is
located, superimposed by enhancements over prominent source regions like China,
India, or Southeast Asia. The data set includes measurements over the ocean and
inland water. The product has also significant coverage at high latitudes as can be
seen in the zoom on the artic region shown in Figure 8.

Figure 7: Biennial mean (2018-2019) of retrieved TROPOMI/WFMD v1.2 methane.
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Figure 8: Polar view for the annual mean of XCH4 at northern high latitudes.

Intense methane sources are readily detected in a single satellite overpass, e.g.,
methane leakage from natural gas production at one of the world's largest natural gas
fields, Galkynysh in Turkmenistan (see Figure 9).
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Figure 9: Methane enhancement due to emissions from one of the world's largest natural gas
fields, Galkynysh in Turkmenistan.

The validation results are shown in the following sub-section.
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3.1.

Comparison with TCCON XCH4

The validation data set is the GGG2014 collection of the Total Carbon Column
Observing Network (TCCON) (Wunch et al., 2011). To ensure comparability, all
TCCON sites use similar instrumentation (Bruker IFS 125HR) and a common retrieval
algorithm. The TCCON data are tied to the WMO trace gas scale using airborne in situ
measurements applying individual scaling factors for each species. The estimated
TCCON accuracy (1𝜎) is about 3.5 ppb for XCH4. From the validation with TCCON
data at 24 TCCON sites, realistic error estimates of the satellite data are provided.
To compare the satellite data with TCCON quantitatively, it has to be taken into account
that the sensitivities of the instruments differ from each other and that individual apriori
profiles are used to determine the best estimate of the true atmospheric state,
respectively. The first step is to correct for the apriori contribution to the smoothing
equation by adjusting the measurements for a common apriori. Here we use the
TCCON prior as the common apriori profile for all measurements:
1
%
𝑐̂!"# = 𝑐̂ +
( 𝑚% (1 − 𝐴% )(𝑥!,'
− 𝑥!% )
𝑚$
%

In this equation, 𝑐̂ represents the originally retrieved TROPOMI column-averaged dry
air mole fraction, 𝑙 is the index of the vertical layer, 𝐴% the corresponding column
averaging kernel of the TROPOMI algorithm, 𝒙! and 𝒙!,' the TROPOMI and TCCON
apriori dry air mole fraction profiles. 𝑚% is the mass of dry air determined from the dry
air pressure difference between the upper and lower boundary of layer 𝑙 and 𝑚$ =
∑% 𝑚% is the total mass of dry air. To minimise the smoothing error introduced by the
averaging kernels we do not compare 𝑐̂!"# directly with the retrieved TCCON mole
fractions 𝑐̂' but rather with the adjusted expression
𝑐̂'
1
%
𝑐̂',!"# = 𝑐!,' + 1
− 12
( 𝑚% 𝐴% 𝑥!,'
𝑐!,'
𝑚$
%

Thereby, 𝑐!,' represents the TCCON apriori column-averaged dry air mole fraction
associated with the apriori profile 𝒙!,' .
For the comparison a set of collocation criteria has been specified. The representativity
is maximised by as strict as possible criteria while concurrently ensuring sufficient data
for a sound and stable comparison. This trade-off is resolved by the following selection.
The spatial collocation criterion requires the satellite measurements to lie within a
radius of 100 km around the TCCON site and that the altitude difference is smaller than
250 m. The temporal collocation criterion is set to ±2 hours. For each satellite
measurement within the collocation radius, all TCCON data meeting the temporal
collocation criterion are averaged to obtain a unique satellite-TCCON data pair.
The validation results are shown in Figure 10 including the mean bias 𝜇 and the scatter
𝜎 relative to TCCON for each site. The parameter 𝜎 is estimated from Huber’s
Proposal-2 M-estimator, which is a well-established estimator of location and scale
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being robust against outliers of a normal distribution. This is an appropriate choice and
preferred over the standard deviation, because one is interested in the actual single
measurement precision without distortion of the results by a few outliers, which are
rather attributed to systematic errors, e.g. due to residual clouds. As a consequence,
outliers are fully included in the computation of the systematic error but get lower
weight in the robust determination of the random error, which is interpreted as a
measure of the repeatability of measurements.

Figure 10: Comparison of the TROPOMI/WFMD v1.2 XCH4 time series (green) with groundbased measurements from the TCCON (red). For each site, 𝑵 is the number of collocations, 𝝁
corresponds to the mean bias and 𝝈 to the scatter of the satellite data relative to TCCON in
ppb.

It is also checked whether the respective site biases are sensitive to the selection of
the spatial collocation radius, which is an indication of sources within the satellite
collocation area with only marginal influence on the TCCON measurements itself. A
considerable sensitivity was found for XCH4 at Edwards. The collocation region
intersects oil production areas in California’s Central Valley (in contrast to Caltech and
JPL), as well as the South Coast Air Basin (SoCAB), which has a well-known methane
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enhancement. As such nearby sources limit the representativity of affected satellite
measurements, the collocation radius is reduced to 50 km for Edwards.
The results for the individual sites are condensed to the following parameters for the
overall quality assessment of the satellite data: the global offset is defined as the mean
of the local biases at the individual sites, the random error is the global scatter of the
differences to TCCON after subtraction of the respective regional biases, and the
spatial systematic error is the standard deviation of the local offsets relative to TCCON
at the individual sites as a measure of the station-to-station biases. For XCH4 the global
offset amounts to 0.75 ppb, the random error is 14.13 ppb, and the spatial systematic
error is given by 4.52 ppb. The seasonal systematic error is defined as the standard
deviation of the four overall seasonal offsets (using all sites combined after subtraction
of the respective local offsets) relative to TCCON and amounts to 0.85 ppb. The spatiotemporal systematic error (defined as the the root-sum-square of the spatial and
seasonal systematic errors) amounts to 4.60 ppb, which is on the order of the
estimated (station-to-station) accuracy of the TCCON of about 3.5 ppb.
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Figure 11: Comparison of the TROPOMI/WFMD data to the TCCON based on daily means.
Specified are the linear regression results and the correlation of the data sets, as well as the
mean and standard deviation of the difference. To analyse the impact of outliers, the
regression is also performed for the Huber linear regression model, which is robust to outliers.

To further analyse how well the real temporal and spatial variations are captured by
the TROPOMI data, Figure 11 shows a comparison to TCCON based on daily means
for days with more than three collocations. The obvious linear relationship with a high
correlation of 𝑅 = 0.91 underlines the typical good agreement of the satellite and
validation data.
There are a few outliers where the satellite values are considerably lower than the
TCCON values. These occasional instances are not site specific and can probably be
ascribed to days with residual or partial cloud cover interfering with the satellite
retrievals. Outliers with higher values compared to TCCON are dominated by
collocations at high latitude sites during the first months of 2019 and may be
attributable to Arctic polar vortex air potentially causing the following related issues:
associated fronts of different air masses may complicate the identification of
22
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collocations near the vortex edge and/or the stratospheric part of the methane profiles
may be largely affected by the polar vortex leading to a considerable deviation from
the assumed apriori profile shapes. It is verified that the impact of outliers on the
regression is marginal by repeating the fit with the Huber linear regression model,
which is robust to outliers and provides similar results to the standard linear regression
here.
To analyse the stability, we use comparisons with the TCCON since the start of the
routine operations phase of Sentinel-5P. To assess the long-term drift stability, a robust
Huber regression of the monthly mean differences relative to the reference (using all
data combined after subtraction of the respective regional offsets) with time is used.
The resulting stability estimate is -0.01 ppb/year.
The validation results can be summarized as follows:
The natural XCH4 variations are well captured by the satellite data. We find a random
error of the TROPOMI data of 14.13 ppb (0.8%), while the spatio-temporal systematic
error of the satellite data of 4.60 ppb (0.2%) is comparable to the station-to-station
accuracy of the TCCON. There is no significant long-term drift in the TROPOMI/WFMD
v1.2 methane data set.
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4. Comparison of SWIR XCH4 TROPOMI products
In this section the XCH4 data products are inter-compared over regions world-wide that
are challenging for the CH4 retrieval (SRON, Sect. 4.1) and over target regions (IUPUB, Sect. 4.2 and Sect. 4.3). Over challenging regions, the products from IUP-UB
(WFMD) and the scientific SRON S5P-RemoTeC TROPOMI data product are intercompared (Section 4.1). Over target regions, the XCH4 data products from IUP-UB
(WFMD) and the operational S5P TROPOMI product are intercompared (Sect. 4.2) as
well as the IUP-UB (WFMD) product and the scientific SRON S5P-RemoTeC
TROPOMI product (referred to as “OPERbeta”).
If not stated otherwise the XCH4 data after correction is used (variable ‘xch4’ for the
WFMD product and ‘xch4_corrected’ for the SRON product). Both WFMD and SRON
product apply a correction to the retrieved XCH4. In the scientific SRON S5P-RemoTeC
TROPOMI product this correction is based on the retrieved surface albedo and it is
based only on TROPOMI data, so it is independent of any reference data (Lorente et
al., 2021). In the WFMD product the correction uses a machine learning approach
based on random forest that makes use of several variables (retrieved albedo and
cloud parameter, strong H2O absorption radiance, SZA, and a XCH4 climatology,
among others (see Schneising et al. (2019)). Another main difference between the two
products is that SRON provides XCH4 data only over clear-sky scenes. A strict filtering
is applied in order to achieve maximum accuracy and precision, and to avoid errors
due to unaccounted light path modifications by small scatterers.

4.1.
Comparison of SRON and IUP-UB products for
challenging regions for the retrieval performed by SRON
Regions world-wide where identified that are challenging from the point of view of CH4
retrieval. These regions are listed in Table 1 covering scenes with occasional snow
cover, as well as high and low surface albedos. The regions are discussed individually
in the following subsections. For the inter-comparison of the data products, we
calculated global monthly averaged maps on spatial resolution of 0.1° x 0.1° not
accounting for the individual coverage of the two XCH4 retrievals from SRON and IUPUB. However, for line plots and correlations plots we only considered data where both
products show valid XCH4 values.
Table 1: Target regions as used for the comparisons conducted by SRON for challenging
regions for the retrieval.

Region
Canada/ Russia
High latitudes

Location
Lat.: 90N, 50N
Lon: 180W, 180 E

Australia

Lat.: 11 S, 39 S
Lon: 113 E, 155 E
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Sahara/North Africa

Lat.: 0, 35N
Lon.: 20W, 40E

High albedo scenes not
covered by ground-based
stations

4.1.1. Comparison results for Canada/Russia
We selected a region in the higher Northern Hemisphere covering a broad range of
longitudes including Canada and Russia that is characterized by a low surface albedo
retrieved in the short-wave infrared spectral range. Due to the low signal over these
scenes, any scattering effect on the light path can lead to errors in the retrieved XCH4
which allows to test how both XCH4 retrievals perform under this difficult sensing
situation.
Lorente et al. (2021) found by validation with TCCON measurements that the SRONRemoTeC retrieval for low surface albedo scenes tends to underestimate the real
atmospheric XCH4 column. To account for this error a dedicated posteriori correction
of the XCH4 level 2 product was developed that corrects for the signal dependent bias
of the retrieval and is independent of any reference data. By validation of the SRON
RemoTeC S5P XCH4 with TCCON retrievals and by inter-comparison with GOSAT
satellite measurements it was shown that this posteriori correction of the XCH4 level 2
data product can correct the bias for low albedo scenes (see. Fig 6 in Lorente et al.
(2021)).
Figure 12 shows XCH4 measured by TROPOMI as retrieved by SRON and WFMD, as
well as their ratio, the retrieved surface albedo (by SRON), and the correlation plot for
the month of July 2018. For scenes where the surface albedo is low (e.g., over Russia,
Figure 12d) SRON XCH4 is higher than WFMD XCH4. Before the correction applied in
the SRON XCH4 product, the bias between SRON and WFMD XCH4 is -24.6 ± 21.5
ppb, and after correction this bias is reduced to 0.6 ± 21.4 ppb (Figure 12e). The
posterior correction increases SRON XCH4 over low albedo scenes to correct for the
underestimation of the retrieved XCH4. The correlation of the bias between SRON and
WFMD with surface albedo is reduced after the posterior correction (Pearson’s
correlation number reduces from 0.3 to 0.1).
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a

b

c

d

e

Figure 12: TROPOMI XCH4 retrieved by (a) SRON, (b) WFMD and (c) the ratio between WFMD and
SRON. (d) Surface albedo as retrieved by the SRON-RemoTeC S5P retrieval, (e) correlation plot
between WFMD and SRON XCH4 for the month of July 2018.

4.1.2. Comparison results for Australia
Australia was selected as a further example for a challenging retrieval region because
it covers a wide range of surface albedos. Here, interference error between retrieval
parameters describing the scattering (e.g., aerosols) and the surface albedo can lead
to biases in retrieved XCH4 values.
Figure 13 shows the SRON and IUP-UB (WFMD) XCH4 products for the month of
January 2019 over Australia. For this specific month, the bias between the two
products is -7.9 ± 9.5 ppb, with XCH4 retrieved by WFMD higher than the SRON
product. The differences have a weak correlation with surface albedo (r = 0.14), with
WFMD product being lower than the SRON product (blue areas on Figure 13c) over
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areas with relatively high albedo. Before the correction, each of the XCH4 products has
a positive correlation with the retrieved surface albedo (r = 0.6 for WFMD and r = 0.4
for SRON), which becomes lower after correction (r = -0.3 for WFMD and r = 0.2 for
SRON).
Figure 14 shows the monthly mean of XCH4 for each product and the bias between
SRON – WFMD with its standard deviation. Both products follow a similar seasonality
in the distribution of XCH4 over Australia (Figure 14a), so both capture correctly the
geophysical variation of XCH4. The bias is negative (WFMD XCH4 higher than SRON)
for the complete time period, and increases with time (Figure 14b).
One of the difficulties in the retrieval related to scattering errors is found over the northwestern part of Australia, where there is a correlation of XCH4 enhancements with the
retrieved scattering properties in the SRON product. A zoom-in over this area (Figure
15) in the comparison with WFMD shows quite a significant variability of both products,
as well as an enhancement in the aerosol optical thickness (SRON) and cloud
parameter (WFMD) over this area. Please note that these two parameters are not
equivalent but they can be considered as a proxy for atmospheric scattering processes.
a

b

c

d
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e

f

Figure 13: TROPOMI XCH4 retrieved by (a) IUP-UB with WFMD (b) SRON with the scientific S5P
RemoTeC algorithm, WFMD/SRON XCH4 (a) ratio, (d) correlation, (e) retrieved SWIR surface
albedo and (f) WFMD/SRON XCH4 ratio as a function of surface albedo over Australia for the
period 1 Jan 2019 - 31 Jan 2019.

(a)

(b)

Figure 14 (a) Monthly mean XCH4 retrieved by SRON (red) and WFMD (green) with the 1-sigma
standard deviation represented by the shadowed areas and (b) monthly mean bias SRON –
WFMD XCH4 and its standard deviation represented by shadowed area over Australia starting
on April 2018.
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(a)

(b)

c)

(d)

Figure 15: Monthly mean XCH4 retrieved by (a) WFMD and (b) SRON, (c) cloud parameter in the
WFMD product and (d) aerosol optical thickness in the near-infrared retrieved by SRON.

4.1.3. Comparison results for North Africa
A region with very high surface albedos in the SWIR is the Sahara Desert in Africa.
However, the validation of the XCH4 retrieval is limited here since the TCCON network
is not covering this region with ground-based measurements. Hence, to assess the
data quality of the TROPOMI XCH4 retrievals over scenes with high surface albedo,
satellite inter-comparison is needed, e.g., using XCH4 retrievals from measurements
of the GOSAT satellite as shown in Section 2.2.
Figure 16 shows the comparison between SRON and WFMD XCH4 over North Africa
for January 2019. Both products capture enhancements around the 5N-10N latitudinal
band and lower XCH4 values over the desert areas. For this specific month, the mean
bias is -9.95 ± 18.76 ppb, overall WFMD XCH4 being higher than the SRON XCH4 (red
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areas in the ratio plot in Figure 16c). Both products capture the seasonal variation of
the XCH4 distribution as shown by Figure 17. January and February 2019 are the
months when the bias between the two products is higher for this specific region, where
SRON retrieves a stronger decrease in XCH4 than WFMD.
Over this area both WFMD and SRON XCH4 show a correlation with surface albedo
before the correction is applied to each of the products, with higher XCH4 retrieved for
high surface albedo scenes. This effect is corrected for by the posterior correction that
is applied in both products. Thus, the bias between SRON and WFDM does not depend
on surface albedo (Figure 16f).
a

b

c

d

e

f

Figure 16: TROPOMI XCH4 retrieved by (a) IUP-UB with WFMD (b) SRON with the scientific S5P
RemoTeC algorithm, WFMD/SRON XCH4 (a) ratio, (d) correlation, e) SWIR surface albedo
retrieved by SRON and (f) WFMD/SRON XCH4 ratio as a function of surface albedo over Australia
for the period 1 Jan 2019 - 31 Jan 2019.
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(a)

(b)

Figure 17: (a) Monthly mean XCH4 retrieved by SRON (red) and WFMD (green) with the 1-sigma
standard deviation represented by the shadowed areas and (b) monthly mean bias SRON –
WFMD XCH4 and its standard deviation represented by shadowed area over North Africa starting
on April 2018.
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4.2.
Comparison of SRON and IUP-UB products performed by
IUP on target regions
IUP-UB focussed on detailed comparisons for three target regions, which are listed in
Table 2.
Table 2: Target regions as used for the comparisons conducted by IUP-UB.

Region ID
TGD

Region
Galkynysh and Dauletabad
gas and oil fields,
Turkmenistan

CAL

California, Central Valley
and surrounding area, USA

SSU

South Sudan

Comments
Mainly anthropogenic methane
sources (natural gas, oil, …).
See also Buchwitz et al., 2017;
Schneising et al., 2020.
Mainly anthropogenic methane
sources (natural gas, oil, cattle,
…). See also Buchwitz et al.,
2017.
Mainly methane sources
(wetlands), e.g., Lunt et al., 2019.

In the following sub-sections, the comparison results for these target regions are
presented and discussed.
4.2.1. Result for target region TGD (Turkmenistan gas and oil fields)
Figure 18 shows a comparison for target region TGD for 10-April- 2018. Figure 18 (a)
shows comparisons of TROPOMI XCH4 product WFMD version 1.2 (Schneising et al.,
2019) with the operational product (“OPER”) version 01.02.02 (Hu et al., 2016) using
the recommended quality filter (qa_value (here simply referred to as qa)) qa > 0.5. The
top left figure shows the WFMD product and the top right map shows the OPER
product. The width of the colour scales is the same for both figures (± 40 ppb) but the
centre value differs and corresponds to the mean XCH4 value for the shown scene. As
can be seen, this mean value is 1860 ppb for WFMD and 1853 for OPER, i.e., OPER
is lower by 7 ppb on average. The difference is however not constant but shows a
spatial structure, as shown in the bottom left map. The bottom right scatter plot shows
the correlation between the two (Level 2) data products along with some numerical
values which quantify the comparison: Ncoloc (= 3718) is the number of collocated
ground pixels, Nwfmd (= 7050) is the number of WFMD pixels and Noper (= 3718) is
the number of OPER pixels. The correlation coefficient R is 0.86 indicating that the
spatial pattern are well correlated. The mean difference (DIFF) OPER-WFMD is -7.96
ppb and the standard deviation (STD) of the difference is 6.96 ppb. Below the two top
figures numerical values for “DXCH4” are listed (in blue). DXCH4 is the maximum XCH4
value (corresponding to a single ground pixel) minus the median of the scene.

32

ESA Project

METHANE+

Version: 1.0

Validation Report SWIR

Doc ID:
TN-D3a-CH4PLUS
Date: 28-Apr-2021

Figure 18 (b) shows the same comparison but for relaxed quality filtering (qa > 0.1) of
the OPER product. Here Noper is higher (= 4851), DIFF (= -7.82 ppb) is slight less
negative and STD (= 7.32) is slightly larger.
Figure 19 shows the corresponding results but for 8-May-2018 and Figure 20 for 4June-2018.
The conclusions for these overpasses/days over target region TGD are similar as for
10-April-2018 shown in Figure 18. The coverage (or number of ground pixels) is better
for WFMD compared to OPER even if the quality filtering for OPER is relaxed (qa >
0.1). The pattern of OPER-WFMD XCH4 differences is complex and on average OPER
is lower compared to WFMD but the magnitude is not constant in time: the difference
is -17.75 ppb for 8-May-2018 and -0.93 ppb on 4-June-2018. Despite these
differences, the XCH4 spatial pattern are “similar” as also shown by the correlation
coefficients R (~0.55 for 8-May-2018 and ~0.76 for 4-June-2018).
Figure 21 shows how the two data sets compare when averaging (gridding) all data for
the period January – October 2018 (using a grid cell size of 0.1ox0.1o). All three XCH4
maps (top row and bottom left) show two areas of elevated methane around a longitude
of 61.5oE and between 36.0oN and 37.5oN corresponding to the Galkynysh and
Dauletabad gas and oil fields in Turkmenistan. The WFMD-OPER difference map
(Figure 21 bottom right) shows a complex pattern but no large difference in the area
corresponding to these gas fields and their surrounding area. This indicates that the
difference between these two data products does not depend significantly on the
(retrieved) atmospheric methane concentration, which is important in order to reliably
obtain methane emission information from these data sets.
Figure 22 shows a comparison of the TROPOMI XCH4 products WFMD and OPER (qa
> 0.5, i.e., default quality filtering) for each day (overpass) during the period beginning
of January 2018 to end of October 2018 for target region TGD. Shown are time series
and corresponding mean values for 5 quantities:
• The XCH4 difference OPER-WFMD (ΔXCH4):
o The low bias of OPER relative to WFMD is only present until beginning
of May 2018, i.e., during the S5P commissioning phase. Afterwards,
i.e., during the operational phase starting early May 2018, both data
sets agree well (on average) within a few ppb
• The standard deviation of ΔXCH4: 9.36 ppb on average with only little day-today variations
• The linear correlation coefficient: R is typically 0.67 indicating reasonable
correlation of the daily spatial pattern
• The ratio of the number of observations: On average WFMD has a factor of
2.35 more observations than the OPER product (for qa > 0.5, i.e., when the
recommended quality filter is used for OPER)
• DXCH4, i.e., maximum XCH4 value (corresponding to a single ground pixel)
minus median of the scene: DXCH4 is similar especially after early May 2018,
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i.e., after the commissioning phase. The correlation is 0.54 indicating that dayto-day variations are to some extent captured similarly.
Figure 23 shows the corresponding results but using relaxed quality filtering for
OPER (qa > 0.1). All results are similar but here the number of WFMD observations
is only marginally higher compared to OPER (x1.37 compared to x2.35).
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(a)

(b)

Figure 18: (a) Comparison of TROPOMI XCH4 data products WFMD (v1.2) and OPER (v01.02.02,
qa > 0.5) for target region TGD on 10-April-2018 (see main text for details). (b) Similar as (a) but
for OPER with relaxed quality filtering (qa > 0.1).
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(a)

(b)

Figure 19: Similar as Figure 18 but for 8-May-2018 (target region TGD).
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(a)

(b)

Figure 20: Similar as Figure 18 but for 4-June-2018 (target region TGD).
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Figure 21: Comparison for target region TGD for temporally averaged data covering the period
January to October 2018. Top left: WFMD XCH4 product. Top right: OPER product with relaxed
quality filtering (qa > 0.1). Bottom left: OPER product with recommended (default) quality filtering
(qa > 0.5). Bottom right WFMD – OPER (qa > 0.5) XCH4 difference.
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Figure 22: Comparison of TROPOMI XCH4 products WFMD and OPER (qa > 0.5, i.e., default
quality filtering) for each day (overpass) during the period beginning of January 2018 to end of
October 2018 for target region TGD. Shown are 5 quantities computed for every TGD overpass.
These quantities are (from top to bottom): the XCH4 difference WFMD-OPER (red: difference of
mean values, green: difference of medians), the standard deviation of the difference, the linear
correlation coefficient, the ratio of the number of observations, DXCH4, i.e., maximum XCH4 value
(corresponding to a single ground pixel) minus median of the scene (see main text for details).
Listed in blue are the corresponding mean values as computed from the presented time series.
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Figure 23: As Figure 22 but for relaxed quality filtering (qa > 0.1) of the OPER product.
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4.2.2. Result for target region CAL (California Central Valley)
Figure 24 shows a comparison of spatial maps for target region CAL on 15-October2018 (the structure of this figure is the same as for Figure 18). As can be seen, the
spatial coverage of the OPER product is very sparse compared to WFMD, which is a
typical finding for this target area.
Figure 25 shows the corresponding time series. From this figure the following can be
concluded:
• XCH4 difference OPER-WFMD (ΔXCH4):
o There is typically a low bias of OPER relative to WFMD until beginning
of May 2018, i.e., during the S5P commissioning phase. Afterwards, i.e.,
during the operational phase starting early May 2018, both data sets
agree well (on average) within a few ppb
• Standard deviation of ΔXCH4: 12.39 ppb on average with only little day-to-day
variations
• Linear correlation coefficient: R is typically 0.44 indicating low correlation of the
daily spatial pattern
• Ratio of the number of observations: On average WFMD has a factor of 7.81
more observations than the OPER product (for qa > 0.5, i.e., when the
recommended quality filter is used for OPER)
• DXCH4, i.e., maximum XCH4 value (corresponding to a single ground pixel)
minus median of the scene: DXCH4 is significantly higher for WFMD. The
correlation is only 0.27. This is consistent with the low correlation of the spatial
pattern.
Figure 26 shows the corresponding results but using relaxed quality filtering for OPER
(qa > 0.1). All results are similar but here the number of WFMD observations is only a
factor of 2.44 higher compared to OPER (instead of 7.81 for the default filter).
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(a)

(b)

Figure 24: Similar as Figure 18 but for target region CAL and for 15-October-2018.
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Figure 25: Comparison of TROPOMI XCH4 products WFMD and OPER (qa > 0.5, i.e., default
quality filtering) for each day (overpass) during the period beginning of January 2018 to end of
October 2018 for target region CAL. Shown are 5 quantities computed for every overpass. These
quantities are (from top to bottom): the XCH4 difference WFMD-OPER (red: difference of mean
values, green: difference of medians), the standard deviation of the difference, the linear
correlation coefficient, the ratio of the number of observations, DXCH4, i.e., maximum XCH4 value
(corresponding to a single ground pixel) minus median of the scene (see main text for details).
Listed in blue are the corresponding mean values as computed from the presented time series.
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Figure 26: As Figure 25 but for relaxed quality filtering (qa > 0.1) of the OPER product.
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4.2.3. Result for target region SSU (South Sudan)
Comparisons of spatial maps for three different days/overpasses are shown in Figure
27 - Figure 29. As can be seen, the spatial coverage of both products is sparse, which
is a typical finding for this target region.
Figure 30 shows the corresponding time series. From this figure the following can be
concluded:
• XCH4 difference OPER-WFMD (ΔXCH4):
o There is typically a slight low bias of OPER relative to WFMD especially
until beginning of May 2018, i.e., during the S5P commissioning phase.
Afterwards, i.e., during the operational phase starting early May 2018,
both data sets agree well (on average) within a few ppb.
• Standard deviation of ΔXCH4: 11.90 ppb on average with only marginal day-today variations
• Linear correlation coefficient: R is typically 0.67 indicating significant correlation
of the daily spatial pattern
• Ratio of the number of observations: On average WFMD has a factor of 4.56
more observations than the OPER product (for qa > 0.5, i.e., when the
recommended quality filter is used for OPER)
• DXCH4, i.e., maximum XCH4 value (corresponding to a single ground pixel)
minus median of the scene: DXCH4 is typically higher for WFMD. The
correlation is only 0.09.
Figure 31 shows the corresponding results but using relaxed quality filtering for OPER
(qa > 0.1). All results are similar but here the number of OPER and WFMD
observations is similar (there are 7% less observations of WFMD on average).
Figure 32 shows how the two data sets compare when averaging (gridding) all data for
the period January – October 2018 (using a grid cell size of 0.1ox0.1o). The three XCH4
maps (top row and bottom left) show similar large-scale pattern with typically higher
values at higher latitudes and lower values at lower latitudes. At smaller scales there
are however significant differences. The bottom left map for the OPER product with
default filtering (qa > 0.5) shows a region of elevated methane at 30oE and 5oN-10oN
corresponding to a South Sudan wetland region (see, e.g., Lunt et al., 2019). This
feature is also visible in the top right figure showing the OPER product with relaxed
filtering (qa > 0.1) but here large parts of the surrounding area also show elevated
methane. In the WFMD product this feature is much less pronounced. The OPER
product with relaxed filtering shows a strong low bias covering the entire region of the
Lake Victoria (33oE, 2oS) which is likely due to a retrieval artefact. That this feature
does not appear in the filtered product shows that the filter works very well in this case.
To better isolate spatial XCH4 anomalies, Figure 33 shows the same maps as also
shown in Figure 32 but here daily anomalies have been averaged rather than absolute
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XCH4 values. The method used to compute these maps is essentially the method
described in Hakkarainen et al., 2019, which has also been used in Buchwitz et al.,
2020, and is referred to as DAM (Daily Anomalies via (latitude band) Medians). This
method removes large-scale variations of the XCH4 “background”. As can be seen, the
South Sudan wetland region appears to be better visible in the anomaly maps and the
elevated methane is higher for the OPER products compared to the WFMD products.
That indicates that very likely (depending on inversion method) the OPER product
would yield higher wetland emissions compared to the WFMD product.
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(a)

(b)

Figure 27: Similar as Figure 18 but for target region SSU on 1-January-2018.
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(a)

(b)

Figure 28: Similar as Figure 27 but for 9-August-2018.
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(a)

(b)

Figure 29: Similar as Figure 27 but for 7-October-2018.
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Figure 30: Comparison of TROPOMI XCH4 products WFMD and OPER (qa > 0.5, i.e., default
quality filtering) for each day (overpass) during the period beginning of January 2018 to end of
October 2018 for target region SSU. Shown are 5 quantities computed for every overpass. These
quantities are (from top to bottom): the XCH4 difference WFMD-OPER (red: difference of mean
values, green: difference of medians), the standard deviation of the difference, the linear
correlation coefficient, the ratio of the number of observations, DXCH4, i.e., maximum XCH4 value
(corresponding to a single ground pixel) minus median of the scene (see main text for details).
Listed in blue are the corresponding mean values as computed from the presented time series.

50

ESA Project

METHANE+

Version: 1.0

Validation Report SWIR

Doc ID:
TN-D3a-CH4PLUS
Date: 28-Apr-2021

Figure 31: As Figure 30 but for relaxed quality filtering (qa > 0.1) of the OPER product.

51

ESA Project

METHANE+

Version: 1.0

Validation Report SWIR

Doc ID:
TN-D3a-CH4PLUS
Date: 28-Apr-2021

Figure 32: Comparison for target region SSU for temporally averaged data covering the period
January to October 2018. Top left: WFMD XCH4 product. Top right: OPER product with relaxed
quality filtering (qa > 0.1). Bottom left: OPER product with recommended (default) quality filtering
(qa > 0.5). Bottom right WFMD – OPER (qa > 0.5) XCH4 difference.
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Figure 33: Similar as Figure 32 but for averages of daily anomalies instead of averaging
absolute XCH4 values.
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4.3.
Comparisons with prototype operational product
(“OPERbeta”) from Lorente et al. (2021)
SRON generated an improved version of the S5P XCH4 algorithm (RemoTeC) to
generate an improved operational product in the future. The status of this activity is
described in Lorente et al. (2021). We downloaded the corresponding data set and
refer to it a “OPERbeta” in this section.
To find out to what extent this new product improves the comparison with the WFMD
version 1.2 product we performed additional comparisons similar as the ones for
product OPER as shown in the previous section.
We focus on those target regions and scenes as also presented in the previous section
to enable direct comparison of OPERbeta with OPER and WFMD.
The results in terms of comparisons of XCH4 maps are shown in Figure 34 - Figure 38.
The comparison is limited to the OPER and OPERbeta products with recommended
quality filtering (qa > 0.5). As can be seen, there is some difference between the OPER
and OPERbeta products but overall they are quite limited.
A summary of the comparison is shown in Table 3. As can be seen, the number of
observations (Nobs) is higher for OPERbeta compared to OPER but still significantly
lower than for WFMD. The linear correlation of the spatial pattern and the standard
deviation of the difference to WFMD has been improved, i.e., the spatial pattern of
OPERbeta is in better agreement now with WFMD. The mean bias however has
typically increased somewhat, i.e., the comparison suggests a low bias of OPERbeta
compared to WFMD.
It is therefore of interest to show comparisons of these two data sets with TCCON.
Figure 39 shows a comparison of WFMD (version 1.2) with TCCON (source:
Schneising et al., 2021) and OPERbeta (source: Lorente et al., 2021). The mean
difference to TCCON and the standard deviation of the difference are shown as a
function of the latitudes of the different TCCON sites.
The difference WFMD – TCCON is +0.6 ± 4.4 ppb (slight but not significant high bias
of WFMD relative to TCCON) for the mean differences per TCCON site and the mean
value of the standard deviation of the individual ground pixel comparisons is 14.8 ppb
(which can be interpreted as average single ground pixel random error or “precision”).
The difference OPERbeta – TCCON is -4.0 ± 5.4 ppb (low bias but not significant taking
into account the 1-sigma scatter) for the mean differences per TCCON site and the
mean value of the standard deviation of the individual ground pixel comparisons is 12.9
ppb.
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(a)

(b)

Figure 34: Comparisons of (a) WFMD XCH4 with OPERbeta (version 14_14) from Lorente et al.,
2021, for region TGD on 10-April-2020. (b) Similar as (a) but for OPER.
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(a)

(b)

Figure 35: Similar as Figure 34 but for 8-May-2018 (target region TGD).
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(a)

(b)

Figure 36: Similar as Figure 34 but for 4-June-2018 (target region TGD).
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(a)

(b)

Figure 37: Similar as Figure 34 but for target region CAL and 15-October-2018.
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(a)

(b)

Figure 38: Similar as Figure 34 but for target region SSU and 1-January-2018.
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Table 3: Overview of the WFMD, OPER and OPERbeta XCH4 target region comparisons.

Figure 39: Comparison of the validation of products WFMD and OPERbeta with TCCON.
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4.4.

Comparisons at high latitudes

High latitudes are challenging for S5P XCH4 retrieval for many reasons mostly related
to low spectral radiances (poor reflectivity of snow, ice and water in the 2.3 µm spectral
region used for retrieval) and low sun elevation, i.e., large solar zenith angles.
Initial comparisons have also been conducted for high northern latitudes as shown in
Figure 40. As can be seen, product WFMD has better coverage (also over land, at
least to some extent) and shows less “strange features” compared to OPER, which are
likely related to surface reflectivity related retrieval issues.
S5P XCH4 scientific product
(Schneising et al., 2019, WFMD, v1.2)

S5P XCH4 operational product
(Hu et al., 2016, RemoTeC, v01.02.01,
qa>0.5 (= recommended filter))
April 2018

August 2018

October 2018

Figure 40: Comparison of monthly XCH4 values for high northern latitudes of product WFMD
(left) with OPER (right) for three months. From top to bottom: April, August and October 2018.
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5. SUMMARY
In this Validation Report (VR) we have assessed the data quality of the SWIR XCH4
products by validation with external independent reference measurements (groundbased measurements from TCCON network and satellite measurements from
GOSAT). Furthermore, a detailed inter-comparison between the data products has
been performed over challenging regions and over target regions, with the aim of
identifying and work out differences between the data products. This document serves
as a reference in the next phase of the project where the data products will be
assimilated.
SRON the Netherlands for Space Research focused in this project in providing the
SRON S5P-RemoTeC scientific TROPOMI XCH4 product with the latest updates that
will be implemented in the operational processing in the processor update foreseen for
June 2021. The objective is to validate this scientific (beta) product to assess the
quality of data after the improvements have been implemented. Furthermore, SRON
focusses on the analysis over regions that are challenging for the retrieval to asses
that the developments implemented in the SRON S5P-RemoTeC scientific product
work in the right direction.
Related to the SRON activities within the project, in the document we have presented
the following: on one hand, the validation with independent ground-based
measurements and an inter-comparison with the GOSAT satellite, and on the other
hand the comparison between the IUP-UB WFMD XCH4 product. The validation of the
scientific SRON S5P-RemoTeC XCH4 product with ground-based measurements of
the TCCON network shows a very good agreement, with a bias of -3.4 ppb (-0.2%)
and station-to-station variability of 5.6 ppb (0.3%), well below the mission requirements
for accuracy and precision of 1%. The intercomparison with GOSAT shows an
agreement of -10.3 ± 16.8 ppb. Both these results highlight the high quality of the
SRON S5P-RemoTeC XCH4 product.
In Sect. 4.1, SRON focussed on a detailed comparison addressing the retrieval
performance over regions world-wide that are challenging for the CH4 retrieval. Over
high latitude regions over Canada and Russia the main challenge for the retrievals are
the scenes with low surface albedo that lead to an underestimation of XCH4 due to
scattering errors. The comparison between WFMD and SRON products confirms that
the bias correction corrects for this effect, as also confirmed by the validation with
TCCON and comparison with GOSAT. Over Australia both products overcome the
dependence of the retrieved XCH4 on surface albedo with the posterior correction.
Over North Africa scenes with high surface albedos are predominant, and both SRON
and WFMD product correct for high XCH4 retrieved over these scenes. Both products
capture the seasonal and geographical variation with good agreement over these
regions, with overall WFMD XCH4 being higher than SRON XCH4 by 8 ppb.
The Institute of Environmental Physics of the University of Bremen (IUP-UB) focussed
in this project on the following aspects: (i) Provision of a S5P/TROPOMI XCH4 data set
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retrieved with the scientific algorithm “Weighting Function Modified Differential Optical
Absorption Spectroscopy” (WFM-DOAS or WFMD). This data set is referred to as
WFMD data set in this document. (ii) Validation of this WFMD data set by comparisons
with TCCON ground-based XCH4 retrievals. (iii) Comparisons of the WFMD data set
with the operational Copernicus S5P/TROPOMI XCH4 product (referred to as OPER
product in this document) focussing on selected regions showing locally elevated
methane. In addition, other comparisons have been conducted such as comparisons
with a new S5P/TROPOMI XCH4 data set generated at SRON with a prototype version
of the operational (RemoTeC) algorithm. The corresponding data product is referred
to as OPERbeta in this document.
Concerning these IUP-UB activities the following is reported in this document: (i) The
S5P/TROPOMI XCH4 WFMD data set (version 1.2) provided for this project covers the
time period November 2017 to July 2020. (ii) Validation results are reported in this
document. The validation of the S5P/TROPOMI WFMD v1.2 XCH4 product can be
summarized as follows: It has a random error of 14.13 ppb (0.8%), a spatio-temporal
systematic error of 4.60 ppb (0.2%), and no significant long-term drift. (iii) Detailed
comparisons are shown for three regions showing locally elevated methane: A region
in Turkmenistan, the Galkynysh and Dauletabad gas and oil fields (region ID: TGD).
The Central Valley in California, a major methane source region due to emissions from
oil, natural gas, cattle and other sources (region ID: CAL). A region in South Sudan
(region ID: SSU) known for wetland methane emissions. The comparisons of the
WFMD and OPER XCH4 products show quite consistent results for all three areas: The
daily spatially resolved XCH4 maps show a reasonable to good correlation (the linear
correlation coefficient R is typically in the range 0.4 – 0.9, depending on area and time
period) but the differences of the maps show a complex pattern with large-scale and
small-scale features, which are currently not well understood. The standard deviation
of the differences are on the order 10-15 ppb (~0.5 -1 %) and the mean difference is
typically around 5 ppb (0.25%). The WFMD product typically has much better coverage
(depending on day and area the WFMD product has typically 2-7 times more data
compared to OPER). Comparisons of WFMD with the OPERbeta product indicates
that OPERbeta is improved compared to OPER with respect to number of observations
(if the standard quality filter qa>0.5 is used). Also the linear correlation of the spatial
pattern with the WFMD product is slightly better for OPERbeta compared to OPER and
also the standard deviation of the differences are somewhat reduced.
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6. Acronyms and abbreviations
Acronym

Meaning

ID

Identifier

CAL
IUP-UB

Target region ID for region “California, Central Valley”
Institute of Environmental Physics of the University of
Bremen
Operational TROPOMI XCH4 data product
Beta version of new operational TROPOMI XCH4 data
product
Target region ID for region “South Sudan”
Total Carbon Column Observing Network
Target region ID for region “Turkmenistan, Galkynysh
and Dauletabad gas and oil fields”

OPER
OPERbeta
SSU
TCCON
TGD
TROPOMI
WFMD
WFM-DOAS

Weighting Function Modified Differential Optical
Absorption Spectroscopy
See WFMD
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