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1 Executive summary

The quality assessment and uncertainties evaluation of the Earth Observation (EO) data in the
Land Carbon Constellation project data base[RD2] is presented. In addition, a �rst product cross-
comparison is discussed. A new release of the project data base[RD3] has been done containing
the quality assessed data with new uncertainties estimations when needed.

The focus of the analysis was put on the data sets that will be used for data assimilation later
during the project: SMOS SM and VOD, ASCAT VOD, Sentinel 5-P SIF and Sentinel 3 FAPAR,
but other data sets such as ASMR-2 VOD, OCO-2 SIF and Sentinel-3 LAI, FVC, LCC have also
been analyzed.

The SMOS Level 2 v720 data were compared to v650. As expected, the main di�erences arise
in regions with mixed land cover, where the new v720 shows a smoother behavior in forest/low
vegetation transition zones. The temporal and spatial variability of VOD were compared to the
VOD uncertainty provided with the data and a new estimation of the uncertainty was provided. A
similar approach was used for AMSR-2 C1, C2 and X-bands VOD. ASCAT VOD time series are
smoothed with a kernel window of 42 days. The VOD uncertainty increases with increasing VOD
values but they are in general very low (10� 2 � 10� 3). No alternatives were found to provide more
realistic uncertainties but a �ltering recommendation was provided.

Regarding the S3-OLCI vegetation products (LAI, FAPAR, FVC, LCC), they are retrieved using a
Bayesian framework in which uncertainties are implicitly calculated together with the mean estima-
tions. Within this study, the training data set was generalized by mixing simulated and real spectra
data taken from original S3 scenes providing a new more robust uncertainty estimation.

SIF data from OCO-2 and Sentinel 5p were analyzed. There is a large variability in the single
SIF observations and it is recommended to use hourly averages with the standard deviation of all
SIF values used to computed the hourly average as associated uncertainty.

The VOD data from di�erent sensors were compared. Bias maps of ASCAT and AMSR-2 with
respect to SMOS show both regions with positive and regions with with negative bias. There are
also regions with negative temporal correlations. The maps were compared to land cover maps but
no clear relationship was found so far.

The temporal correlation of SIF and FAPAR was found to vary between the focus areas with
values from R=0.59 in Sodankyla, to 0.71 in Las Majadas and 0.81 in Reusel. FAPAR and SIF
seasonal cycles are similar but FAPAR increases in early spring and only in late May or June for SIF.

Finally, a �rst comparison between microwave and visible data was performed by comparing
SMOS VOD and Sentinel 5P SIF. Temporal correlation maps show regions with negative values, in
particular in the Las Majadas regions.

2 Introduction

This document is the Scienti�c Report associated to the Work Package 1.3 of the Land Carbon
Constellation (LCC) project. Within this work package a comprehensive data base was built con-
taining vegetation-related data collected from di�erent instruments operating at wavelengths from
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the near-infrared to microwaves. These di�erent data sets were presented in documentRD1, which
includes a justi�cation for their selection. Table 1 shows a summary of the data available in the LCC
data base and their temporal coverage. In addition, there are three ESA Climate Change Initiative
above ground biomass (AGB) maps representative of years 2010, 2017 and 2018.

Figure 1 shows the three regions selected for the LCC study. In the following, an analysis of the
data that will be assimilated (SMOS Soil Moisture and Vegetation Optical Depth -VOD-, ASCAT
VOD, Sentinel 3 Fraction of Absorbed Photosynthetically Active Radiation, Sentinel 5p Sun Induced
Fluorescence) in addition to some of the auxiliary data sets (AMSR-2 VOD, OCO-2 SIF, Sentinel
3 Leaf Area Index, Leaf Chrolophil Content, Fraction Vegetation Cover, AGB) is presented for the
three regions showns in Fig. 1.

The goals of the analysis are:

ˆ to perform a quality assessment of the individual data sets

ˆ to provide new uncertainty estimations if needed

ˆ to look for possible uncertainties correlation

ˆ to perform a �rst cross-comparison of the di�erent vegetation-related parameters obtained from
di�erent sensors at di�erent wavelengths.

The structure of this document is as follows: Section 3 discusses the SMOS VOD data. Sections
4 and 5 present the ASCAT and AMSR-2 VOD, respectively. Section 6 discusses optical data from
Sentinel 3 and Section 7 presents the OCO-2 and Sentinel-5 SIF data. The auxiliary above ground
biomass data set is brie�y discussed in Sect. 8. Di�erent data sets are compared in Sect. 9, in
particular the active and passive microwave VOD data obtained at di�erent frequencies are compared
in Sect. 9.1, SIF and FAPAR are compared in Sect. 9.2 and SMOS VOD and Sentinel 5 SIF are
compared in Sect. 9.3. Finally, the conclusions are summarized in Sect. 10. A technical note
describing the data formats in the data base is provided in Appendix A.

3 SMOS data

3.1 Data (SM, L-VOD) and associated uncertainties

The SMOS data version available when the Land Carbon Constellation (LCC) project started was
v650. The new version v700 became available in the �rst quarter of 2021. As stated in the proposal,
it was decided to move to the new version of SMOS data for the LCC project. Therefore, the �rst
step in the data analysis consisted in comparing the two versions for the three regions of interest.
Figure 2 shows the mean of SM for v700 from 2011 to March 2021, it also shows the bias and the
correlation with respect to v650. Figure 3 is equivalent to Fig. 2 but for L-VOD (tau) instead of
SM.

According to Figs. 2 and 3, the �rst thing to be noticed in the di�erences between v650 and
v700 for SM and VOD is that they follow a geographical pattern. It means that one version provides
higher or lower values than the other for a particular area. By cross-checking these di�erences with
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Table 1: Summary of the data sets in the Land Surface Constellation project data base.

Figure 1: SMOS-L2 VOD (tau) average from July to September 2015 over the three regions selected for the study
(top panel). The red circles show the location of Las Majadas, Reusel and Sodankyla.
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forest and low vegetation maps (�g. 4), it appears that the main di�erence between v650 and v700
is the way they are processing areas without a predominant vegetation type. Areas with the most
signi�cant di�erence are those with a transition between nominal soil and forest. Comparing Fig.
4 with bias maps of v650 and v700 (2nd line maps of Figs. 2 and 3) shows clearly a correlation
between areas where v650 gives higher results than v700 for soil moisture and vegetation optical
depth and areas with a nominal and forest cover between 40% and 60%.
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Figure 2: From top to bottom:(i) Mean of SMOS L2 v700 SM.(ii) Bias of SMOS L2 v650 SM versus v700 SM.
(iii) Correlation of SMOS L2 SM v650 versus v700. The results are presented for the three regions, from left to right:
Las Majadas, Sodankyla, Reusel
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Figure 3: From top to bottom: (i) Mean of SMOS L2 v700 tau (L-VOD).(ii) Bias of SMOS L2 v650 tau versus
v700 tau. (iii) Correlation of SMOS L2 tau v650 versus v700. The results are presented for the three regions, from
left to right: Las Majadas, Sodankyla, Reusel
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Figure 4: From left to right:(i) Bias of SMOS L2 v650 tau versus v700 tau.(ii) Mean value of nominal soil fraction.
(iii) Mean value of forest soil fraction. The results are presented here for the region of Sodankyla

3.2 Data analysis: spatial and temporal variability analysis

The instrument resolution of SMOS is on average 43 km. This corresponds to the projection on
the Earth surface of the full width at half maximum of the main lobe of the synthesized beam. For
instance, to take into account all the surface contributing to the signal, the Level 2 algorithm uses
a "working area" of 123 km� 123 km. The SMOS v700 data are provided in an ISEA 15 km
grid, which implies that adjacent grid points are not fully independent. The di�erence of SM and
L-VOD from one point to the closest neighbors is a combination of geophysical signal variations and
observational uncertainties.

On the other hand, SM can vary fast with time at scales of hours. In contrast, L-VOD is not
expected to vary strongly in intervals of several days. Thus, analyzing the time series variations
in short time periods could provide a new estimation of uncertainties in the data-set, that can be
compared to the already existing uncertainty indices (dqx) and other quality index provided with the
data (RFI, Chi2).

The data provided in SMOS-L2 present high space and temporal variations. To provide the most
complete and clean data-set it is necessary to make a spatial and temporal analysis of the data, and
compare these variations to the known quality indices in order to decide which data should be kept
or not. To complete these quality indices and be able to observe a clear trend on the data, a moving
average of these data will be used as a reference to compare the di�erence between this reference
and the data and then comparing it with the quality indices.

3.2.1 Spatial analysis

Figure 5 shows the di�erence of SMOS L2 VOD with respect to the spatial average for the 8 closest
grid points for two dates over the Las Majadas region. To do so, the distance from every observed
points to the others has been calculated. The spatial average was then calculated using the VOD
value of a point, and the values of the 8 closest points, using therefore the value of 9 di�erent points.
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Figure 5: Di�erence between SMOS L2 VOD and the mean of VOD of its 8 closest neighbours. Comparison between
two days in the region of Las Majadas

There is no spatial or temporal pattern in the evolution of these di�erences that seems to evolve
randomly day after day. Con�rming that they are driven by noise. As expected, the noise is reduced
by the spatial averaging. Figure 6 shows the spatial average a VOD times series for a given point
compared to the original VOD time series at that point. As expected, the spatial average reduces
the noise of the original time series but there is still a signi�cant variability and the spatial average
time series does show some spikes that are probably noise. The VOD di�erence with respect the 8
neighbours spatial average is compared to VOD DQX in Sect. 3.3.

3.2.2 Temporal variability analysis. Moving averages

Taking into account the previous considerations on the temporal variability of VOD, a centered
moving average on 11 days has been used to compare with the original VOD values (the same
window size was also used for the AMSR-2 analysis, Sect. 5).

These quantities are compared to VOD DQX in Sect. 3.3.
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