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1 INTRODUCTION

This technical note reports on the evaluation of the 3™ mission reprocessing from the
Level 2 Soil Moisture v700 products perspective. It corresponds to DT2-5 deliverable.

On 2020/12/05 the 3™ mission reprocessing campaign for the soil moisture processor v700
started. Three parallel processing instances, starting for 2010 (S1), 2014 (S2) and 2018
(S3) have been used to produce the main reprocessing 20100501 to 20210524 data 11
years worth.

The catch-up, 20210201 up to the operational switch to v700 on 20210524, is only partly
considered in this release.

The early check that built the v1.0 content of this technical note is kept in this report for
shorter period perspectives. They refer to the segment S1 2010 (04,05,06,07,08,09), the
segment S2 2014 (01,02,03 ,04 ,05 ,06) and 3 months of data for the segment S3 2018
(01 02, 03, 04). Note that S1 is a bit different from S2 and S3 as the RFI situation
awareness was just starting; S1 contains much more RFI impact than the two others.

The general goal of this technical note is to report on the reprocessing health, the possible
agreements/differences/divergences between v700 and v650 data and all findings
indicating improvement/degradation of the v700 compared to the previous v650 similarly
to [AD3] though with new perspectives offered by the enlarged ESLs expertise, the longer
data period and our increased knowledge.

This report considers different perspectives: temporal, spatial, spatiotemporal on maps,
stats and performances of retrieved v700 parameters SM, TauNadir, ACard, Chi2, PRFI12
against REPR v650 data against our expertise knowledge and expectations from past
preliminary work, especially the blind-tests exercises outcomes.

The UDP, DAP, AUX_ECMWF and few others products were essentially used. They
represent on overall ~350000 products for a volume of ~20TB (all multiplied by two as
v700 and v650 are considered) of data to be mined, several time, partly or entirely, to
obtain the different perspectives needed for this report.

This technical note is organized into 5 main sections, the section 1 being this introduction.

The section 2 describes the main characteristics of the L2SM v700 reprocessing campaign
compared to the REPR/OPER L2SM v650, in terms of algorithms, ADFS, setup evolution
and the expected differences we should observe.

The section 3 provides directly the main conclusions and findings: positive aspects,
negative aspects, caveats, issues, further required insights. They are based on the
detailed analysis provided by the following sections 4 and 5 which provide deeper analysis
and details, maps, plots, etc ... to look at.

CESBIO-FMI-Tor Vergata-WSL/Gamma SO-TN-CB-GS-0095-2.a L2SM ESL
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The section 4 is dedicated to the overall features perspective; the big factual picture, while
the section 5 is dedicated to more thematic perspectives providing insights on the VOD,
the cryopshere and climatology.

Even if the included material is already very consequent, this technical note is to be
considered as a draft version. Most of the time was invested to mine the data, produce
outputs, refine them, do some interpretations etc ... but not yet spending enough time to
really step back and take all the necessary time to look at them, digest the information,
look for additional specific focus and/or finer analysis when necessary.

An updated version will be issued with added insights. A larger amount of material than
what can be reasonably reported in this (already huge) technical note has been produced
(full resolution, specific areas, ascending, descending, meridional hovmodller, etc ...). It is
intended to make them all available in a repository for this future issue to offer any people
the possibility to investigate them.

2 L2SM V700 REPROCESSING CAMPAIGN CHARACTERISTICS
COMPARED TO V650

There are significant changes between the L2SM v700 reprocessing compared to v650
REPR/OPER:

1. algorithms changes involving processor code updates,

2. configuration changes, including algorithms parameters and ADFs content changes,
new added ADFs fields to support the algorithms changes,

3. L1Cv724 is used instead of the L1C V620

The two first points were studied upstream and were presented at various QWGs and PMs
based on blind tests. All these past detailed exercises were made on evolutions that
shaped the v700 from the L2SM v650 but on the basis of the same L1C v620.

The last point was studied using the L2 SM v650 comparing L1C v724 against L1C v620 on
limited test data (4 months) and reported in the L2SM/L1C metric technical note [AD4].

The L2SM v700 are based on algorithms evolutions that contain significant number of
changes compared to v650 with different expected impacts from the aforementioned past
studies; they are marked as blue text following the algorithms changes below:

« The Bircher organic soil dielectric constant empirical model is added. Actually, the
dielectric constant of all wet ground surfaces (FNO, FFO) is considered as a
weighted mixture of mineral soil (Mironov model) and organic soil (Bircher model).

Expectation: the general characteristic of SOM s to allow more water than mineral
soils for the same emissivity. So it is by using the Bircher model compared to
Minronov, retrieved soil moisture is expected to increase. However, this increase is

CESBIO-FMI-Tor Vergata-WSL/Gamma SO-TN-CB-GS-0095-2.a L2SM ESL
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non-linear and for dry to low soil moisture conditions, both behave similarly. As the
soil is wetting to moderate — high value, retrieved soil moisture Is expected to
become as significantly higher for SOM than for mineral.

e The term is added to the cost function along with the RA®. This term

represents the average ripples, oscillations amplitude coming from image
reconstructions errors. From the retrieval perspective these ripples are seen as
unexplained extra variances along the BTs incidence angle profile. These extra
observation variances generate in turn higher Chi2 than expected when we do
account for them; it is the purpose of .
Expectation: this approach introduced in v700 has the same goal than the post
rescaling Chi2 introduced in v650. However in v650 it is made on the Chi2 after the
retrieval is over which mean that using it or not or with different scale factors does
not change retrieved values. For v/700 it is more naturally introduced in the cost
function as an added component to the observation errors and thus it allows
retrievals readjustments. Consequently differences in retrieved values between the
two versions are expected, though small as variability with no systematic impacts.

e The nominal (FNO) and forest (FFO) are packed to a single fraction for the free

parameters retrievals, still keeping the specific fixed parameters properties linked to
each of these surfaces.
Expectation: more successful retrievals are expected on mixed NO-FO surface,
particularly apparent at frontiers around dense forest. Significant changes in
retrieved soil moisture and opacity, particularly for the latter that has the strongest
non linear relationships with BTs. Besides, packing the two fractions together
decreases the underlying presence of the landcover as the NO or FO fixed
contribution disappear which results in a spatial smoothing effect on retrieved
values.

The second aspect in v700 is algorithms configuration changes and ADFs changes.

e The original IGBP water fractions of the AUX_DFFFRA are replaced by water

fraction derived from the ESA-CCI-Radar water body. As a consequence all other
fractions increase/decrease proportionally.
Expectation: using ECA-CCI RADAR high resolution provides almost systematically
and everywhere higher water fraction in our modelling. As a direct consequence
with more contribution of colder BT in the aggregated modelling, retrieved soil
moisture decrease in compensation. Change is retrieved opacity is also expected
but with increased retrieved values though more complex interactions between the
two quantities are also expected.

« The AUX_LANDCL single scattering albedo (w) for low vegetation (FNO) is changed
from 0 to 0.06 and their associated roughness (HRmax=0.1, HRmin=0.05) changed
to (HRmax=0.3, HRmin=0.1).

CESBIO-FMI-Tor Vergata-WSL/Gamma SO-TN-CB-GS-0095-2.a L2SM ESL
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Expectation: time series of retrieved soil moisture are expected to have a changed
dynamic, at least improved when compared to in-situ measurements. As a direct
mechanical effect in the Tau-Omega model, with decreased emissions from low
vegetation NO model contribution it implies to raise the ground emission
contribution by decreasing soil moisture in compensation. The effect is non-linearly
function of the low vegetation opacity; higher the low vegetation opacity higher the
decrease of retrieved soil moisture as the attenuation of vegetation increases.

« The RSOM field, the fraction of organic soil, is added to the AUX_DFFSOI to support
the Bircher organic soil dielectric constant model.
Expectation: the organic soil is strongly present at high Northern latitude and less in
other places with some exceptions. Effects are thus expected to be more prominent
especially for wet conditions in the north.

Last but not the least is the L1C evolutions brought by the v724 versus the v620 that add
to the v700 L2SM evolutions. It makes the L2SM v700 3™ mission reprocessing more
difficult than it was the case for the 2" one where only L2SM versions were different.
Expectation: as reported in [AD4] although the L1C v724 appears rather neutral in term of
systematic differences at Global, but with significant variability with very structured spatial
patterns is reported. This varaibility and structure are also changing depending on the
orbits ascending/descending passes. These significant changes correspond also to specific
areas, contrasted transition and forest for both retrieved soil moisture and opacity. Below
dense forest L1C v724 based soil moisture and opacity tends to decrease but with
associated decrease Chi2 as well. Dynamics of time series of retrieved parameters are also
different, at least improved for soil moisture when compared to in-situ measurements but
essentially for ascending orbits while descending ondes were reported more similar.

Final note on our expectations:

» the expectations reported at the previous paragraph are considered independently
from each others. Reinforcements or cancellations of some effects are expected
and potentially modulated in time for some of them like omega impact, from no
impact to strong impact following low vegetation seasonality, like SOM impact both
dependent on the SOM fraction but also dependent on wetness conditions.

« The Northern high latitude is expected to be complex areas where different effects
are competing. It is for instance the case for omega, SOM, water fractions. At these
Northern locations SOM is very present so with expected retrieved soil moisture
increase. But it competes with retrieved soil moisture decrease as it is also a place
with increased water fractions. And this is expected to be also modulated in time as
for wet conditions SOM have more impact and may dominates. But if low
vegetation is growing at the same time then decreased soil moisture is also
reinforced.

CESBIO-FMI-Tor Vergata-WSL/Gamma SO-TN-CB-GS-0095-2.a L2SM ESL
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e Other locations could seem easier, like dense tropical/equatorial forests where
mostly the increased water fractions of river networks is dominating with simpler
and much static signature on retrieved soil moisture and opacity. It is true, but they
are also locations where L1C v724 impact is the strongest.

3 CONCLUSIONS AND WAYS FORWARD

We expected the L2SM v700 to be significantly different from the v650 and it is the case.
The main source comes from the L2SM algorithms changes. However, the L1C724 is
certainly not neutral though difficult to know exactly its relative impact without replaying a
L2SM v700 REPR but using L1C v620 which is not feasible.

Most differences are in line with our expectations for wet soil retrievals i.e. NO/FO
(DT11/12) which were the focus of all preliminary studies and evaluations.

It gives a first evident conclusion about the reprocessing campaign itself; over the ~11
years the 3™ SMOS mission reprocessing performed necessarily well.

Indeed, we observe in these v700 data compared to v650 ones the main characteristics
enumerated in the previous section 2 but also added aspects.

The v700 has in general lower SM compared to v650, but not necessarily everywhere and
not necessarily all the time and reduced dynamics (amplitude). By increasing omega value
we traded bias to gain on correlation with respect to in-situ measurements. Around rivers
networks, the CCI-RADAR water fractions used for v700 are higher that the IGBP ones of
v650 and induce decreased retrieved soil moisture. On v700 SM maps rivers network
mostly disappear compared to v650 SM maps which is a very good thing. In addition, the
L1C v724 also decreases slightly the retrieved SM compared to the L1C v620 used for the
v650.

Northern latitudes represent certainly the most complex area where the different
algorithms changes compete, some time in opposite direction, and where NPEs (snow,
frost) play also a strong role. For instance, increased water fractions is highly present and
in association with increased omega when low vegetation is raising tends to sum-up in the
decrease of retrieved soil moisture. But on another hand, rich organic soil is also highly
present and tends to increase the retrieved soil moisture particularly in wet condition.
They induce the most complex patterns in Hovmoller diagram compared to mid latitudes.

When compared to in-situ measurements the v700 lower retrieved soil moisture
represents on average a decrease of ~-0.03 m*/m® (ASC) ~-0.02 (DSC) m3/m3 compared
to v650" however with expected improvements on correlation that increases by ~0.14
(ASC) ~0.13 (DSC) and on the STDD that decreases by ~-0.02 (ASC) ~ -0.01 (DSC). The
v700 increase of correlation and the decrease of STDD are almost systematic for all the
networks/sites. The v700 soil moisture decrease generates more variability across the sites
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regarding the biases. For networks/stations such as Watersheds, AMMA, some of SCAN for
which the v650 was too wet, the lower v700 soil moisture actually improves the bias. The
RMSD are more comparable, there are almost as many better for v700 than for v650. In a
sense the evolutions made have traded on the fixed component of errors (bias), accepting
potentially more, to gain on the random (or variational) components (correlation, standard
deviation) but somewhat not changing drastically the total error budget (RMSD).

The retrieved v700 opacity is on average more similar to v650 than soil moisture but with
strong local differences on mixed FFO/FNO areas due to the joint FNO+FFO retrieval. It is
mostly visible as smoother spatial values, especially on transitions at the interface NO/FO
(true as well for SM but to a lower extent). These v700 smoother VOD values appear more
consistent when compared to AGB map, and compared to RH100 and PAI parameters
retrieved by GEDI, the correlation coefficients are higher than the v650 ones.

The retrieved dielectric constant (ACard) is a new perspective in the evaluation of
reprocessed data. ACard was introduced as an experimental retrieved parameter designed
for diagnostic or for surfaces like frozen soil, ice, snow where soil moisture retrieval does
not make sense. However the dielectric constant retrieval decision tree branches can
represent ~45% of the land retrievals during the Northern winter season, with ~28%
being obtained over snow, frost decision tree branches. At Northern summer season, the
retrievals drops typically to ~22%, 4.5% being dedicated to snow, frost cases. Generally
speaking, the retrieved dielectric constant follows the expected logic with a decrease of
FO/NO retrieved area in favour to snow and frost soil retrieved increasing area during
winter. The retrieved dielectric constants have reasonable values and seasonal variations
but with differences between v650 and v700. Usually v700 reports more FO/NO cases, so
less retrievals cases for snow/frost than v650 and when retrieved lower retrieved dielectric
constant than v650. Compared to other information, L3FT products and AUX_ECMWF
SWE, the retrieved dielectric constant should display expected connections. For freeze-
thaw state, the overall behaviour is as expected. Lower retrieved dielectric constant for
L3FT frost state is obtained than for L3FT taw state for the two versions. However, the
amplitude between the two states retrieved dielectric constant variation is perhaps more
evident with v650 and some disagreement exist. The retrieved dielectric constant should
also decrease by the effect of dry snow. This characteristic can be clearly observed but not
all the time. These two geophysical effects deserve more investigations.

Regarding the performances, the Chi2 and the success/failures, there are significant
differences between the two versions.

The v700 Chi2 is slightly higher for RFI areas as the procedure to calibrate ore has been
made on very strictly selected free of RFI data, which is a good thing. For other areas, RFI
cleaner, it is in general the opposite with lower v700 Chi2 or similar Chi2 than v650’, so
better fits, which is also a good thing. It was not so clearly seen in blind tests as the
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exercises considered each algorithm move independently from each other and for a limited
period of time and also using L1C v620 (no Gibbs2). With all options included and longer
periods it becomes more apparent e.g. L1C 734 Gibbs2 pattern we know over Australia
coast line, organic soil at northern latitudes ...

The v700 retrievals performances (successful retrievals) are in general significantly
increased, more actually than expected. The joint FNO+FFO retrievals for very mixed
NO/FO, especially the transition FO/NO, are particularly factor in this gain. However, for
ACard retrievals it is more balanced. There are specific areas but also time (season) where
v650 retrievals performances are higher than v700 but also with lower magnitudes
variations compared to the increased NO/FO performances.

At this stage, this technical report contains a lot of information. A large part of the time
was taken in mining the large amount of data, producing plots, figures, iterating, refining
etc... It was already a daunting exercise for the reprocessing campaign v650 vs. v620, it is
even more the case with this reprocessing campaign.

We need now to step back and take the necessary time to look and analyze these results
and certainly refine or complement some of them as there is a certain number of not
addressed or partly addressed questions appearing.

For example, we always observed since the beginning of the mission
ascending/descending differences but now impact the analysis VOD over forest for certain
regions and also somewhat the cryosphere analysis. There are not yet explained
anomalies in time series of VOD that could pinpoint algorithms or ADFs issues or because
of other factors to determine.

The RFI is a severe issue that could blur results or create interpretation artifacts.
However, with 11 years worth of data we could consider to redo some analysis with
extreme RFI rejection. Even with the expense in spatial/time coverage, more ‘natural’
signatures could appear, being geophysical, algorithmic issues, ADFs issues or
instrumental aspects.

4 OVERALL PERSPECTIVE

Compared to the 2™ mission reprocessing L2SM qualification, the 3™ is different in the
sense that we have now two degrees of freedom. For the 2" mission reprocessing the
differences were only coming from L2SM updates; both L2SM v650 and L2SM v620 were
using the same L1C v620.

For this 3™ mission reprocessing both L2SM v700 and L1C v724 updates are matter of
changes compared to L2SM v650 + L1C v620.

We consider here the whole 11 years of reprocessing, 20100501 — 20210131, and the few
months taken from the three segments of parallel reprocessing instances that were
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available in Dec 2019: S1: 20100601 - 20100905, S2: 20140201 - 20140524, S3:
20180201 — 20180414.

The whole integrated 11 years includes all the SMOS mission past story particularly the
RFIs impact and evolution since 2010 while the S1, S2, S3 segments represent different
shorter windows allowing to observe specific aspects.

The following subsections will look to the reprocessed data through different perspectives:

e Section 4.1: the Earth as seen by the AUX_DFFFRA and decision tree for the
retrievals

o Section 4.2: the retrievals success/failure for SM/TauNadir, ACard/TauNadir
retrievals: Numerical figures globally, per continental areas; Global maps; space-
time through Global zonal Hovmédller.

« Section 4.3: focus on retrieved SM/TauNadir/Chi2/PRFI12 through SM retrieved
times series versus in-situ SM time series; Global spatial maps and stats per
continental areas; space-time as Global mean and std zonal Hovmoller plots.

» Section 4.4: focus on Ascending versus Descending

4.1 DECISION TREE AND FRACTIONS CHANGES

For this section the v700 and v620 SML2PP was run over 4 days with a specific
configuration preventing any NPE events to occur: no soil freezing, no water body turned
into ice, no dry, mixed, snow cover.

FMO from DAP are extracted to access then the static (no NPE) FMO radiometric fractions
leading also to the static decision tree branches of the Earth.

The only but important change is the water fraction change introduced by the ESA CCI
radar maps @250m for v700 vs. IGBP @ 1km. The landcover itself being the same (IGBP),
the other fractions are just changing proportionally to the increase/decrease of FWO as it
is shown Figure 1. This change is mostly an increase of FWO due to the higher 250m
resolution among other factors with clearly dominant red colors in Figure 1 bottom left
detailed with different ranges Figure 2. We can also observe that decrease of FWO can
actually exist but for much more limited number and smaller areas with also more limited
magnitudes change.

These FWO variations are taken from the other fractions for the same areas and appear
mostly as dominant blue colors for the three other plots of Figure 1. They lead to the
redistribution of fraction illustrated Figure 3.

However, these redistributed fractions impacts marginally the final decision tree branches
with very close DT branches maps for v700 Figure 4 and v650 Figure 5. Actually
redistributions of DT branches are limited to those shown Figure 6.
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Water fraction change is an important factor in our aggregated BT modeling. Higher water
fraction implies higher contribution of modeled cold BT in the total aggregated BT model.
The direct expected consequence for the same SMOS observed BT, is that the retrieved
BT model(s) have to increase in compensation. For bare soil it implies lower retrieved soil
moisture. With the vegetation increasing possibly more complex interactions between
retrieved soil moisture and retrieved opacity to compensate are expected. As the
vegetation becomes more like forest with high opacity we expect though the retrieved
opacity to increase as well (assuming no adverse interactions are playing e.g. coming from
joint FO+NO retrieval along with omega increase for the NO part).

A FNO: 700 - 650
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Figure 1: Working Area static radiometric fraction change, A=700 — 650, for FNO (top left), FFO
(top right), FWO (bottom left) and all ACard MD fractions together (bottom right).
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Figure 2: Working Area static radiometric water fraction change A=FWO,¢, — FWOg5, focus.
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Figure 3: Redistribution NO/FO DT due to FWO change
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SML2PP V700: Static (NPE off) Decision Tree Branches
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Figure 4: map of v700 static (all NPE off) decision tree branches.
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SML2PP V650: Static (NPE off) Decision Tree Branches
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Figure 5: map of v650 static (all NPE off) decision tree branches.
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Decision Tree Branches Transition: 650 = 700
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Figure 6: redistribution of decision tree branches between v700 and v650.

4.2 RETRIEVAL SUCCESS/FAILURE PERFORMANCES
This section focuses on the retrievals performances in term of success/failures.

The retrieval performance here is defined as the number of successful retrievals divided by
the number of attempted retrievals = number of FL_NO_PROD=0 divided by the number
of S_Tree_1#0. It is important to not just divide by the number of available values as
FL_NO_PROD=1 (so no product) is raised also for other reasons than retrievals failures. If
we do so then the true success/failure performances of the retrievals will be
underestimated.

Indeed the retrievals are not attempted when not enough L1C BTs are available, which is
typically the case for the two following reasons:

e For the two ~100km outer swath edges and the two swath start/tips tips of L1C
where naturally not enough BTs exists (roughly less than ~10) in BT profiles to
guaranty good and stable retrievals.

e Everywhere DGGs are severely contaminated by RFI result in not enough number
of BTs left after the L2SM BT filtering has been applied and technically falling into
the previous case.
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e All in one the two above reasons result in an overall ~18.5% of failing DGGs so
raising FL_NO_PROD to 1 but not because of retrievals failures which were actually
not attempted.

For such case the decision tree branches S_Tree_1 is equal to 0 as we skip the DGGID.
We do not even enter the decision tree stage 1 which has the role to compute FMO
fractions and decides which decision tree branch (DT1 to DT17) is to be used.

The sections that follow focus on the performances per: 1) SM/TauNadir retrievals, so for
NO/FO (DT11/DT12) and 2) for all other DTs cases corresponding to ACard/TauNadir
retrieval. DT1 highly dominant FWO Tsurf e.g. far enough ocean side of coastline is not
yet inspected.

4.2.1 SM/TAUNADIR RETRIEVALS (DT11-12)

This subsection focuses on retrieval success/failure performances for SM/TauNadir
retrievals so for decision tree branches DT11 (FO) and DT12 (NO) surfaces. Numerical
figure, Global maps & stats and space-time Hovmodller zonal of retrievals performances are
given.

4.2.1.1 NUMERICAL

The tables below provide the successful percentages of retrievals considering only the
decision tree 11 (FO) and 12 (NO) retrievals i.e. limited to the SMs retrievals DGGs subset
so not considering ACard retrieval or water-body retrievals.

Over the whole 11 years:

« the v700 provide always significantly more successful retrievals than v650 on
average, about 5%. Actually retrievals performances are above our expectations;
we were expecting rather ~3% gain for v700 at Global

» However there is also strong variability across the 7 continental areas. The lowest,
still positive, retrieval performance increase is +0.6% for descending orbits over
Australia and the highest is +12.8% for West Europe descending orbits.

« Ascending versus descending orbits retrievals performances are also not equivalent.

o At Global, ascending orbits have +1.8% than descending ones with also a
strong variability across the 7 continental areas.

o For the North America, Africa and Asia areas it is the opposite, descending
orbits retrievals are more successful by few percent.

o The remaining areas behave like the Global Earth though we sometimes high
differences e.g. East Europe ascending orbits succeed with +14.4%
compared to their descending orbits.
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o This asymmetrical orbits passes performances, positive or negative, is a not
a specificity of v700 but a common and consistent characteristic between
v700 and v650 though with some magnitude variations.

o0 Most likely this asymmetrical characteristic is dominated by the impact of RFI
on the SMOS system due to the tilted antenna; the same sources do not
impact the same the retrievals depending if SMOS is flying toward them
(long distance impact) or flying from them (short stopping impact).

Indeed, depending on the areas the increase of successful retrievals can reach quite high
values, especially for not that-RFI-clean areas e.g. Asia, East Europe and West Europe. It
needs particular attention as more successful retrievals is good but only if the added new
retrieved values are also good.

However, it is also the first time that we can observe all-included updates of L2SM v700
but also along with the L1C v724 updates. All were independently factors or neutrals in
added successful retrievals, they may have just sum up in a way.

Table 1: Whole reprocessing 20100501 - 20210131; overall spatio-temporal average successful retrieval
performances of v700 versus v650 per continental areas

Whole reprocessing (20100501 - 20210131) — Nominal (DT12) & Forest (DT11)

A v700 96.2 % 97.0 % 86.3 % 89.3 % 89.6 % 72.7 % 96.8 % 89.6 %
S | v650 90.2 % 92.6 % 77.2 % 86.7 % 82.6 % 65.3% 96.1 % 84.2 %
© A7-6 +6.0 % +4.4% +9.1% | +2.6% | +7.0% | +7.4% | +0.7% | +5.4%
D ( v700 96.7 % 94.8 % 74.0 % 92.1 % 75.2 % 73.3 % 96.1 % 87.8 %
S
C v650 91.6 % 91.1 % 61.2 % 90.8 % 66.5 % 65.9 % 95.5 % 82.6 %
A7-6 +5.1% | +3.7% | +12.8% | +1.3 % +8.7% | +7.4% | +0.6% | +5.2%
v700 A-D -0.5 % +2.2% | +12.3% | -2.8% | +14.4% | -0.6 % +0.7% | +1.8%
V650 A-D -1.4 % +1.5% | +16.0% | -4.1% | +16.1% | -0.6 % +0.6 % | +1.6 %
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Table 2: Reprocessing instance S1; overall spatio-temporal average successful retrieval performances of
v700 versus v650 per continental areas

Reprocessing instance S1 (20100601-20100905) — Nominal (DT12) & Forest (DT11)

A v700 89.3 % 96.1 % 79.8 % 87.6 % 89.1 % 59.1 % 97.7 % 86.0 %
S | v650 | 85.6% 91.7 % 71.2 % 85.5 % 84.9 % 54.5 % 97.5 % 82.0 %
° A7-6 +43% | +44% | +86% | +2.1% | +4.2% | +4.6% | +0.2% | +4.0%
D v700 | 97.4% 96.2 % 54.8 % 90.2 % 65.3 % 54.8 % 97.7 % 81.6 %
S | v650 | 943 % 92.8 % 42.4 % 89.0 % 58.6 % 48.8 % 96.7 % 77.1 %
- A7-6 | +3.1% | +3.4% | +124% | +1.2% | +6.7% | +6.0% | +1.0% | +4.5%
v7Z00A-D | -8.1% | -0.1% | +25.0% | -2.6% | 23.8% | +43% | +0.0% | +4.4 %
V650A-D | -8.7% | -1.1% | +28.8% | -3.5% | 26.3% | +5.7% | +0.8% | +4.9%

Table 3: Reprocessing instance S2; overall spatio-temporal average successful retrieval performances of
v700 versus v650 per continental areas

Reprocessing instance S2 (20140201-20140524) — Nominal (DT12) & Forest (DT11)

A v700 96.1 % 95.7 % 88.4 % 90.3 % 83.7 % 71.4 % 97.4 % 88.8 %
S | v650 87.8 % 90.7 % 79.0 % 87.6 % 73.5 % 63.3 % 96.5 % 82.7 %
£ A7-6 +8.3% | +5.0% | +9.4% | +2.7% | +10.2% | +8.1% | +0.9% | +5.8 %
D v700 94.8 % 93.7 % 68.2 % 92.7 % 63.1 % 70.2 % 97.1 % 86.3 %
S | v650 87.8 % 89.5 % 54.0 % 91.6 % 52.3 % 62.3 % 95.9 % 80.8 %
5 A7-6 +7.0% | +4.2% | +14.0% | +1.1% | +10.8% | +7.9% | +1.2% | +5.5%
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v700 A-D +1.3% | +2.0% | +20.2% | -2.4% | +20.6% | +1.2% | +0.3% | +2.5%

v650 A-D +0.0% | +1.2% | +25.0% | -4.0% | +21.2% | +1.0% | +0.6% | +1.9 %

Table 4: Reprocessing instance S3; overall spatio-temporal average successful retrieval performances of
v700 versus v650 per continental areas

Reprocessing instance S3 (20180201-20180414) — Nominal (DT12) & Forest (DT11)

a | V700 [ 94.2% 97.6 % 89.0 % 89.6 % 83.1 % 75.6 % 97.2 % 89.5 %
S | v650 | 83.5% 93.5 % 77.9 % 86.8 % 65.5 % 65.7 % 96.1 % 82.5 %
° A7-6 | +10.7% | +4.1% | +11.1% | +2.8% | +17.6% | +99% | +1.1% | +7.0%
D v700 95.5 % 95.5 % 81.4 % 92.2 % 72.5 % 81.4 % 96.1 % 90.3 %
S | v650 | 86.8% 91.7 % 70.1 % 90.8 % 62.1 % 73.0 % 95.0 % 85.1 %
5 A7-6 | +8.7% | +3.8% | +11.3% | +1.4% | +10.4% | +8.4% | +1.1% | +5.2%

v700 A-D -2.3 % +2.1% | +7.6 % -2.6 % | +10.6% | -5.8% +1.1 % -0.3 %

v650 A-D -3.3 % +1.8 % +7.8 % -4.0 % +3.4 % -7.3 % +1.1 % -2.6 %

4.2.1.2 MAPS OVERALL REPR PE RIOD 2010 — 2021

Putting aside RFI areas, the quite high overall retrievals performances for NO/FO areas is
homogenous. It appears improved for the v700 in general, significantly improved for
specific areas, transitions NO/FO, FO, quite visible on maps compared to v650. So
generally speaking v700 gained on sustained performances spatially. This can be seen
with more spatially homogenous dark red pattern v700 Figure 7 compared to v650 Figure
8.

However there is few degraded performance for v700 for some localized areas, though
with less magnitude compared to the improved values. It is really visible when looking to
the difference performances map v700-v650 Figure 9 as blue areas that appear also quite
localized spatially. Further specific analysis is required to understand the reason.
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Global: SML2PP Retrieval Performance NO FO, v700, 20100501 to 20210201, Ascending orbits - MapType=AVGFLNOPROD
Retrigval status: Light grey DGG non FNO/FFQ - Medium grey not retrieved - Black v700 failed vE50 successful - Dark Grey both failed
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Figure 7: Map of NO/FO (DT 11,12) v700 retrieval performance for the overall reprocessing
campaign, 20100501- 20210131
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Global: SML2PP Retrieval Performance NO FO, v650, 20100501 to 20210201, Ascending orbits - MapT
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>

pe=AVGFLNOPROD
rey both failed

0.8

- 06

o5

0.1

|
0
160

Figure 8: Map of NO/FO (DT 11,12) v650 retrieval performance for the overall reprocessing
campaign, 20100501- 20210131, ascending orbits.
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Global: SML2PP ; Retrieval Performance NO FO, v700 - v650, 20100501 to 20210201, Ascending orbits - MapType=AVGFLNOPROD

Retrieval status: Light Grey no FNO/FFO, Medium Grey both failed, Dark Grey v700 sucessful only, Black v650 successful only¥
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Figure 9: Map of NO/FO (DT 11,12) retrieval performance difference, v700 — v650, for the

overall reprocessing campaign, 20100501- 20210131, ascending orbits.
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Figure 10: Histogram of NO/FO (DT 11,12) retrieval performance difference, v700 — v650, for
the overall reprocessing campaign, 20100501- 20210131, ascending orbits.

4.2.1.3 SPACE TIME ZONAL HOVMOLLER

In the previous section the spatial information integrated over time allows to locate spatial
area of interest. However the past story of SMOS, particularly RFI events in time or
specificity of seasonality on performances is lost.

At the expense of a full spatial perspective, Hovmoller plot adds the time perspective
though averaging spatial information, here zonal i.e. average over bands of latitude and 4
days of time. The standard deviation over the latitude bands and 4 days of time is also
given; it is not often produced information, but we think it also important spatial variability
in time information to add to the traditional Hovmdller mean.

As for spatial maps, we interpret the Hovmdller mean zonal performance as the dark
redder the better.

For the Hovmoller std zonal performance it is a bit more complex. Along with high
Hovmoller mean zonal performance then the dark bluer is the better. It means that the
high performance is steady for all DGGs of the latitude band compared to lighter blue if
not red e.g. for RFI areas. On another hand when mean retrievals performances are poor,
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toward blue, associated blue std performance means that it is poor mostly everywhere on
the band of latitude. The extreme case is a mean performance of 0 everywhere would
have a std of 0 (dark blue) but no good at all... While red std in such case would give
hope that within the band it exists better mean performances though in minority.

When comparing v700 vs. v660 Hovmdller, AHovmoller mean zonal performances v700 —
v650, redder the better for v700, bluer the better for v650.

AHovmoller std zonal performances v700 — v650 is again more complex with variable
interpretation. However assuming lower std is better i.e. retrievals performances are more
stable spatially then bluer the better for v700, redder the better for v650. As mention
before, it does not work for low performances.

Obviously, v700 is dominantly better than v650 (delta Hovmoller) complementing the
same spatial feeling but also at all times. Moreover, this increase of performance goes
along with a decreased zonal std (dominantly blue) meaning that it spreads also all over
the zonal bands.

Global DT11/12: zonal Hovmoller mean success , v650 , Ascending
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Figure 11: Global Hovmdller: mean zonal NO/FO (DT 11,12) retrieval performances in time,
v650 (top), v700 (bottom), ascending orbits.
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Global DT11/12: zonal Hovmoller std success , v650 , Ascending
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Global DT11/12: zonal Hovmoller std success , v700 , Ascending
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Figure 12: Global Hovmoéller: std zonal NO/FO (DT 11,12) retrieval performances in time, v650
(top), v700 (bottom), ascending orbits.
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Figure 13: Global Hovmaoller zonal NO/FO (DT 11,12) retrieval performances difference, v700 —
v650; Amean (top), Astd (bottom), ascending orbits
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Global DT11/12: zonal Hovmoller mean success , v650 , Descending
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Figure 14: Global Hovmdller: mean zonal NO/FO (DT 11,12) retrieval performances in time,
v650 (top), v700 (bottom), descending orbits.
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Figure 15: Global Hovmodller: std zonal NO/FO (DT 11,12) retrieval performances in time, v650
(top), v700 (bottom), descending orbits.
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Global DT11/12: zonal Hovmoller A mean success = v700 - v650 , Descending
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Global DT11/12: zonal Hovmoller A std success = v700 - v650 , Descending
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Figure 16: Global Hovmaoller zonal NO/FO (DT 11,12) retrieval performances difference, v700 —
v650; Amean (top), Astd (bottom), descending orbits

4.2.2 ACARD/TAUNADIR RETRIEVALS (DT 2-10, 13-17)

This subsection focuses on retrieval success/failure performances for ACard/TauNadir
retrievals, so for decision tree branches other than DT11 (FO), DT12 (NO) and DT1 (WO)
surfaces. Numerical figure, Global maps & stats and space-time Hovmodller zonal are
provided.

4.2.2.1 NUMERICAL
* Not yet available.

4.2.2.2 MAPS OVERALL REPR PE RIOD 2010 - 2021

Apart over RFI areas the v700 retrievals performances for ACard is high, though less than
NO/FO and also more heterogeneous.

However, it is remarkably high and stable over permanent ice (Antarctica, Greenland)

Performances v700 vs. v650 is half/half, at the most Northern latitude v700 retrievals
succeed significantly less than v650: effects of integrated 11 years with all seasons? i.e.

CESBIO-FMI-Tor Vergata-WSL/Gamma L2SM ESL
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we know CCI water fractions are higher in these areas, NPE rules converting water body
to ice water body may have not appropriate temperatures thresholds indeed in Hovmoller
ACard Aperformances some seasonal variations exist around winter season.

For all non FO,NO,FWO retrieval a joint MD ACard retrieval packing FRZ, FSW, FSM, FTI
into a single retrieved fraction for retrieval would be an option for the future.

Global: SML2PFP Retrieval Performance ACard, v700, 20100501 to 20210201, Ascending orbits - MapTzne-AVGFLNOF'HOD
Retrieval status: Light grey DGG non FNO/FFQ - Medium grey not retrieved - Black v700 failed vE50 successful - Dark Grey both failed

Figure 17: Map of v700 ACard (DT 2-10, 13-17) retrieval performance for the overall
reprocessing campaign, 20100501- 20210131, ascending orbits
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Global: SML2PP Retrieval Performance ACard, v650, 20100501 to 20210201, Ascending orbits - MapT’ pe-AVGFLNOF'HOD

Retrieval status: Light grey DGG non FNO/FFO - Medium grey not retrieved - Blaclmsso failed v700 successtul - Dark

rey both failed

Figure 18: Map of v650 ACard (DT 2-10, 13-17) retrieval performance for the

reprocessing campaign, 20100501- 20210131, ascending orbits
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Global: SML2PP ; Retrieval Performance ACard, v700 - v650, 20100501 to 20210201, Ascending orbits - MapType=AVGFLNOPROD
Retrieval status: Light Grey no FNO/FFO, Medium Grey both failed, Dark Grey v700 sucessful only, Black v650 successful only®

0.1

0.06

- -j0.04

.02

v F o002

-0.04

-0.06

of F TR, YR R e 0 s
. ; 3.3 - e . - s X
e 45...;%.5*25{1} g T ; N 0.
"= _'i’_.;s a{ﬁ,,’& S ]

Figure 19: Map of ACard (DT 2-10, 13-17) retrieval performance difference, v700 — v650, for

the overall reprocessing campaign, 20100501- 20210131, ascending orbits.

CESBIO-FMI-Tor Vergata-WSL/Gamma SO-TN-CB-GS-0095-2.a

L2SM ESL



&

D

SO _ '\:ﬂ'w.,
oA ||:~. -
TN )

o~ U

(] GAMMA REMOTE SENSING

SO-TN-CB-GS-0095
Issue: 2.a
Date: 05/07/2021

SMOS 3RP MISSION
REPROCESSING CAMPAIGN
LEVEL 2 SM V700 OVERALL

QUALIFICATION

L2SM ESL
Page 41 / 245

Global: SML2PP : Retrieval Performance ACard Statistics, v700 - v650, 20100501 to 20210201, As
20

[Perf: FLNP

w700
KO

v6 OK: 80.2% 2.5% 82.6%
50 KO: 9.0% 8.4% 17.4%
89.2% 10.8% 100.0%

Histagram %
s
T

cending orbits - MapType=AVGFLNOPROD
T T 1

n=-0.000

ls=+0.090

9]=+0.540
92=+59.297
imin=-1.000
Imax=1+1.000
rmse=+0.090
imed=+0.000
Imoed=+0.001

95, =[-0.017 +0.025]
,,=[-1.000 +1.000]

-0.6

L L 1
-0.4 -0.2 0.2 04 0.6

0
Retrieval Performance ACard

0
08 1

Figure 20: Histogram of ACard (DT 2-10, 13-17) retrieval performance difference, v700 — v650,
for the overall reprocessing campaign, 20100501- 20210131, ascending orbits.

4.2.2.3 SPACE TIME ZONAL HOVMOLLER

Like NO/FO, ACard retrievals performance is quite high and stable in time putting aside
the active RFI band of latitude. It is particularly true over the highest latitude with

permanent Snow/Ice.

However, unlike NO/FO retrievals, differences where v700 ACard has lower performances
than v650 exist though with much lower magnitude. They are quite perceptible on Amean
maps (Figure 23, Figure 26) under the form of seasonal or specific steady in time blue
patterns. Even of small magnitudes, they would deserve further investigations:

» blue oscillations of decreased performances (on Amean) between N50° — N70°,
perhaps stronger for descending orbits reaching maxima at summer time along with
increased spatial performances variability (reddish band on Astd).

e Close to Equator, seasonal increase of v700 failures compared to v650, this time

around December.

« well visible around N25° continuous decreased v700 performances (blue thin band

on Amean).
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The very visible Antarctica anomaly is due to binding list issue for ISTL1. It is present for
v650 and fixed for June 2019 AUX_ECMWF onward. In REPR v700 it is no more present as
the AUX_ECMWF were also reprocessed fixing the issue per se for the whole period. One
of the impacts was extra failures that disappear in v700 (show in red). Both v700 & v650
become completely equivalent after June 2019 given or taken the L1C 724 impact.

Global DT ACard: zonal Hovmoller mean success , v650 , Ascending
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Figure 21: Global Hovmdller: mean zonal ACard (DT 2-10, 13-17) retrieval performances in
time, v650 (top), v700 (bottom), ascending orbits.
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Figure 22: Global Hovmoller: std zonal ACard (DT 2-10, 13-17) retrieval performances in time,
v650 (top), v700 (bottom), ascending orbits.
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Figure 23: Global Hovmdller zonal ACard (DT 2-10, 13-17) retrieval performances difference,
v700 — v650; Amean (top), Astd (bottom), ascending orbits
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Global DT ACard: zonal Hovmoller mean success , v650 , Descending
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Figure 24: Global Hovmdller: mean zonal ACard (DT 2-10, 13-17) retrieval performances in

time, v650 (top), v700 (bottom), descending orbits.
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Figure 25: Global Hovmoller: std zonal ACard (DT 2-10, 13-17) retrieval performances in time,
v650 (top), v700 (bottom), descending orbits.
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Figure 26: Global Hovmdller zonal ACard (DT 2-10, 13-17) retrieval performances difference,
v700 — v650; Amean (top), Astd (bottom), descending orbits

4.3 RETRIEVALS FOR NOMINAL (DT12) AND FOREST (DT11) CASES

This section focuses on retrieved parameters for decision tree branches DT11 (FO) and
DT12 (NO) surface so namely on retrieved SM/TauNadir and associated Chi2, RFI
probability.

The three following perspectives are considered:

« Temporal: Retrieved SM time series versus network of in-situ SM time series
« Spatial: Global map & stats, summarized boxplot stats for continental areas.
« Spatiotemporal: Hovmodller plots zonal mean and std.

4.3.1 RETRIEVED SOIL MOISTURE TIME SERIES AGAINST IN-SITU SOIL MOISTURE
TIME SERIES

The retrieved SM time series are co-located with in-situ time series in a pure one-to-one
in-situ driven perspective:

CESBIO-FMI-Tor Vergata-WSL/Gamma SO-TN-CB-GS-0095-2.a L2SM ESL
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» In space: DGGID the closest to specific station location. Different in-situ stations
associated to the same SMOS retrieved DGG will have their own stats, so no
averaged different stations measurements.

« Time: in-situ measurements the closest to L2SM DGGID ACQT if not larger than +/-
25’. So no averaged in-situ within that box if more than one exists.

We consider here our usual set of 487 sites (Figure 27) that generates a large amount of
stats and associated figures worth detailed analysis, network by network, stations by
stations but not convenient for a report.

The 13 in-situ soil moisture networks and their overall 487 stations
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Figure 27: The 13 in-situ soil moisture network and their overall 487 stations spanning over
442 distinct DGGs.

As usual, an overall concatenated collocated (L2SM, in-situ) time series as a single big
overall time series is made for the all networks and all stations they hold. It is also
complemented for the 13 networks overall times series limited to the stations they hold.

Just a few words about the concatenation procedure (documented in [AD2]) as some care
are required:
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» Taylor Diagrams are variational diagrams i.e. a dot reports (psw,smrer, Osm),
correlation, p, and standard deviation, g, are by definition debiased quantity.

« The concatenation is made on piece-wise debiased individual SM station time series

and associated retrieved SM time series i.e. with their mean subtracted to avoid
introducing artifacts in the above bullet.
However, all the individual station time series retrieved SM — in-situ SM biases are
kept and restituted by taking the weight average of these biases weighted by the
number of samples of each collocated time series segment in order to produce
correct overall SM biases values displayed on the colorbar of so called 3D Taylor
diagrams.

« As we are comparing two versions, v700 vs. v650, it is not adequate to keep in-situ
stations for which both L2SM versions compare badly with poor time correlation or
because of non-significant statistics. It will just add noise to the overall metric, just
decreasing the separability of the two versions. A pre-selection is thus made before
the concatenation.

All (L2, sites/stations) co-located time series segments fulfilling the following
conditions are rejected:

o Significance of R: if not enough data or too high R p-values exist for any of
the challenger, v700 or v650, the data is not kept. In such condition, the risk
that the numerical, bad or good, correlations are just coming from peculiar
draw and not from strong features of retrieved SM against in si-situ SM is
too high.

= Number of co-located data is < 20.
*= R p-values > 0.05.
o Avoid blurring the overall statistics with too low L2SM/in-situ performances
for both challengers. Whatever the reasons:
*= bad L2 modeling
» bad L1C quality (RFI)
* bad in-situ data
= representativeness issues between SMOS SM and in-situ SM

If both challengers, v700 and v650, are reporting R < 0.5, the SMOS SM/in-
situ data for the site/station are excluded from the concatenation.

Note: if one of the challengers has good enough performance to consider
keeping the site/station and not the other, too bad for the other, the
site/station is kept for both of them: fair game.

This overall concatenation perspective is respectful of the relative performance; if one
challenger outperforms more often the other it will be visible. It is also respectful of the
sources; long co-located segments (less gaps in in-situ or retrievals failures) have more
weights in these overall metrics.
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Certain tables given in following subsections provide comparative v700 vs. v650 statistics.
For a given statistics, s, among , then ,

- . The following specific colours and font styles are used to
emphasize the interpretation of the significance of

» Green far better, Red far worse; statistically significant with
« Green better, Red worse; statistically significant with

« Green better, Red worse; yet not statistically significant

e Black not really any difference

4.3.1.1 OVERALL ALL IN- SITU NETWORKS/SITES

« Ascending v700: correlation +0.14, STDD -0.016, bias -0.032, RMSD~

e Descending v700: correlation +0.13, STDD -0.012, bias -0.022, RMSD~

 To add the contingency matrix of site rejection/selection: i.e common v700/v650
rejection, v700 accepted/v650 rejected, v700 rejected/v650 accepted; common
v700/v650 accepted. It is relevant information though based on correlation we
know v700 has better.
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Concatenated debiased allsites CalVal Sites Insitu Time Series: 310 kept / total 389 - Ascending orbits
CalVal Series Rejection Correlation Threshold if all scenarios corr < 0.500 or it exits R pvalues > 0.05 or #data < 20

a statistics: SMOS - Insitu

Series R Bias | STDD | RMSD | #kept
VE50 0.53 -0.024 0.086 0.089 | 140793 o 0:InSitu
N700 0.66 -0.055 0.071 0.089 144324 o (A o
02 ® 2:v700
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Figure 28: overall concatenated all network/sites Taylor Diagram, statistics and confidence
interval v700 SM, v650 SM against in-situ SM for ascending orbits.
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Concatenated debiased allsites CalVal Sites Insitu Time Series: 306 kept / total 388 - Descending orbits
CalVal Series Rejection Correlation Threshold if all scenarios corr < 0.500 or it exits R pvalues > 0.05 or #data < 20

A statistics: SMOS - Insitu

Series R Bias | STDD | RMSD | #kept -
VB50 055 -0.025 | 0084 | 0088 | 140353 o 0:InSitu
: V650 0.04
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Figure 29: overall concatenated all network/sites Taylor Diagram, statistics and confidence
interval v700 SM, v650 SM against in-situ SM for descending orbits.

» Working with long time series of SMOS retrieved data but for limited number of
DGGs allows (technically) focusing at the decision tree branches occurrence (Table
5) along the whole concatenated time series as well as the retrievals performances
per decision tree branches (Green far better / Red far worse and significant

* Green better / Red worse and significant
e Green better /| Redworse but not significantly
e black mostly equivalent with

v700 has far better (Forest) to better (Nominal and All Wet Snow) retrievals
success/failures performances while v650 have better ones for All Mixed Snow. For the
other DT branches performances are more or less equivalent.
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The fact that the performances gain is higher for FO than for NO is interesting. It is a
signature of the v700 joint FO+NO retrieval that helps actually more FO retrievals than NO
retrievals.

For FO retrievals, typically those of v650, any FNO fraction is considered as a fixed
contribution. Any issues on fixed soil moisture for the BT model of the FNO fraction will
have a strong impact not much attenuated by the vegetation as the FNO fixed TauNadir is
low by definition.

In the opposite case, NO retrievals, FFO is a fixed contribution. Wrong soil moisture has
limited impact on the FO modelled BT as the soil emission anomaly is strongly attenuated
by the FFO fixed TauNadir wich is high by definition.

We also get again that v700 retrieval performances degradation is more on the ACard
retrieval side, here for mixed snow surface.

Table 6).

For these validations sites, DT branches 1,2,3,4,13,14,15 and 16 are not present i.e. their
frequency of occurrence is 0 and thus not reported.

Decision tree branches number, short acronyms and full name, in blue those that are
observed for the sites.

AOW: All Open Water

HOW: Heterogenous Open Water
STP: Strong Topography Pollution
MTP: Medium Topography Pollution
AWS: All Wet Show

AMS: All Mixed Snow

WSP: Wet Snow Pollution
MSP: Mixed Snow Pollution

. AFR: All FRost

10.FRP: FRost Pollution

11.AFO: All FOrest

12.ANO: All NOminal

13.AWL: All WetLand

14.ABA: All BArren

15.AIC: All ICe

16.AUR: All Urban

17.HET: HETerogeneous

WoOoNSOUAWN =

In Erreur! Référence non valide pour un signet. the differences of frequency of
decision tree branches between v700 and v650 come from the reallocation of fractions
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introduced by the change of FWO, CCI RADAR for the v700 and original IGBP for the v650
modulated by possible NPEs (frost,snow,...).

Actually, for these validation sites the effects of FWO change appears not strong so would
be its impacts (lower SM) on retrieved SM between v700 and v650.
Table 5: F700 vs. F650 overall decision tree branches frequency

5 6 7 8 9 10 i 12 17
AWS AMS WSP. MSP AFR FRP AFO ANO HET

ASC — Total 1191213 - 18.8 % non attempted (Swath edges, RFI)

%F700| 054 | 238 | 1.54 | 3.84 | 0.68 | 2.34 | 22.98 | 64.34 | 1.36
%F650 | 055 | 244 | 1.57 | 395 | 0.95 | 2.15 | 23.28 | 64.39 | 0.72
DSC — Total 1193078- 18.6 % non attempted (Swath edges, RFI)
%F700 | 1.06 | 2.76 | 2.64 | 3.58 | 0.40 | 1.42 | 22.81 | 63.98 | 1.34
%F650 | 1.13 | 2.82 | 2.76 | 3.60 | 0.59 | 1.30 | 23.08 | 64.01 | 0.71

DTB

Retrieval performances given Green far better / Red far worse and significant

* Green better / Red worse and significant
e Green better /| Redworse but not significantly
e black mostly equivalent with

v700 has far better (Forest) to better (Nominal and All Wet Snow) retrievals
success/failures performances while v650 have better ones for All Mixed Snow. For the
other DT branches performances are more or less equivalent.

The fact that the performances gain is higher for FO than for NO is interesting. It is a
signature of the v700 joint FO+NO retrieval that helps actually more FO retrievals than NO
retrievals.

For FO retrievals, typically those of v650, any FNO fraction is considered as a fixed
contribution. Any issues on fixed soil moisture for the BT model of the FNO fraction will
have a strong impact not much attenuated by the vegetation as the FNO fixed TauNadir is
low by definition.

In the opposite case, NO retrievals, FFO is a fixed contribution. Wrong soil moisture has
limited impact on the FO modelled BT as the soil emission anomaly is strongly attenuated
by the FFO fixed TauNadir wich is high by definition.

We also get again that v700 retrieval performances degradation is more on the ACard
retrieval side, here for mixed snow surface.
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Table 6 are categorized per font colours and style. Green means better, red worse. Font
style gives the range of performances differences in term of significance though with no
accurate definition in this case:

» Green far better / Red far worse and significant
* Green better / Red worse and significant

e Green better /| Redworse but not significantly

e black mostly equivalent with

v700 has far better (Forest) to better (Nominal and All Wet Snow) retrievals
success/failures performances while v650 have better ones for All Mixed Snow. For the
other DT branches performances are more or less equivalent.

The fact that the performances gain is higher for FO than for NO is interesting. It is a
signature of the v700 joint FO+NO retrieval that helps actually more FO retrievals than NO
retrievals.

For FO retrievals, typically those of v650, any FNO fraction is considered as a fixed
contribution. Any issues on fixed soil moisture for the BT model of the FNO fraction will
have a strong impact not much attenuated by the vegetation as the FNO fixed TauNadir is
low by definition.

In the opposite case, NO retrievals, FFO is a fixed contribution. Wrong soil moisture has
limited impact on the FO modelled BT as the soil emission anomaly is strongly attenuated
by the FFO fixed TauNadir wich is high by definition.

We also get again that v700 retrieval performances degradation is more on the ACard
retrieval side, here for mixed snow surface.

Table 6: P700 vs. P650 overall success/failure performances

DTB 5 6 7 8 9 10 11 12 17

AWS AMS WSP. MSP AFR FRP AFO ANO HET
ASC — Total 1191213 - 18.8 % non attempted (Swath edges, RFI)

%P700 | 93.95 | 76.65 | 90.72 | 88.19 | 98.74 | 82.93 | 96.84 | 97.74 | 95.14
%P650 | 90.48 | 78.28 | 90.65 | 88.02 | 98.54 | 83.03 | 86.70 | 96.53 | 95.14
DSC — Total 1193078- 18.6 % non attempted (Swath edges, RFI)

%P700 | 93.27 | 76.29 | 91.34 | 88.46 | 99.20 | 83.16 | 96.87 | 96.92 | 95.36
%P650 | 90.24 | 78.42 | 91.52 | 8/.84 | 99.12 | 82.91 | 89.22 | 95.53 | 95.66

4.3.1.2 PER IN-SITU NETWORK

The series of figures (Figure 30 to Figure 50) report compounding Taylor diagram,
confidence intervals plots and usual numerical metrics statistics R, bias, STDD and RMSD
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and other numerical information of SMOS v700 and v650 retrieved soil moisture against
concatenated in-situ soil moisture stations per network.

The two following tables provide a comparative synthesis of R, bias, STDD and RMSD
extracted from these figures for v700 vs. v650. For a given statistics,
, , - , the following

colours and font styles are used to emphasize the interpretation of the significance of

» Green far better, Red far worse; statistically significant with
« Green better, Red worse; statistically significant with

« Green better, Red worse; yet not statistically significant

e Black not really any difference

v700 dominates the correlation R and STDD corner by far while v650 the bias corner by
far. The RMSD is more balanced with v700 and v650 alternatively better or worse, but also
to a less significant level.

So the overall compounded errors are not that different. What is different between v700
and v650 is how these errors are partitioned in term of random/variational versus fixed.

v700 decreases the random, variational (R,STDD) contribution at the expense of the fixed
contribution (bias), while for v650 it is the opposite.

Ascending versus descending orbits does no change much this two different relative
behaviours of the two L2SM versions.

Table 7: Metric statistics synthesis per in-situ network for ascending orbits

Networks ‘ R700 R550 BiaS7oo Bi35650 STDD70° STDD650 RMSD700 RMSD650 N700 N650

AMMA 0.82 | 0.77 | 0.011 | 0.030 | 0.053 | 0.064 | 0.054 0.070 | 1317 | 1348

Argentina | 0.67 | 0.65 | -0.056 | -0.042 | 0.068 | 0.072 0.058 0.084 | 6911 | 6730

CESBIOSO | 0.69 | 0.52 | -0.121 | -0.080 | 0.057 | 0.076 | 0.134 0.110 | 2876 | 2866

HOBE 0.52 | 0.36 | -0.045 | -0.052 | 0.073 | 0.084 | 0.086 0.099 | 2101 | 2035

OZNET 0.79 | 0.77 | 0.011 | 0.025 | 0.064 | 0.065 | 0.065 0.070 |11581 | 11548

MESONET | 0.71 | 0.56 | -0.086 | -0.055 | 0.064 | 0.080 | 0.107 0.097 |45297 | 44551

REMEDHUS | 0.56 | 0.52 | -0.031 | -0.024 | 0.072 | 0.075 0.079 0.079 | 6572 | 6594

SCAN 0.62 | 0.47 | -0.040 | -0.003 | 0.078 | 0.095 | 0.087 0.095 | 50395 | 49463

SMOSMANIA 0.64 | 0.42 | -0.100 | -0.053 | 0.072 | 0.106 | 0.123 0.118 | 11948 | 10402

Sodankyla | 0.74 | 0.65 | 0.078 0.074 | 0.099 | 0.090 | 0.126 0.117 | 1866 | 1808
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VAS 0.55 | 0.41 | -0.067 |-0.011 | 0.094 | 0.124 0.116 0.124 622 | 608

Watersheds| 0.69 | 0.57 | -0.002 | 0.021 | 0.048 | 0.058 | 0.049 0.061 | 2838 | 2840

Table 8: Metric statistics synthesis per in-situ network for descending orbits

Networks Bi3565o STDD700 STDD650 RMSD700 RMSD650

AMMA 0.70 | 0.004 | 0.024 | 0.048 | 0.066 | 0.048 0.070 | 1468 | 1490

Argentina 0.59 | -0.051 | -0.045 | 0.070 | 0.075 0.087 0.088 | 7978 | 7884

CESBIOSO 0.50 | -0.102 | -0.068 | 0.057 | 0.077 | 0.117 0.103 | 3020 | 2964

HOBE 0.33 | -0.073 | -0.081 | 0.073 | 0.087 | 0.103 0.119 | 1245 | 1024

OZNET 0.69 | 0.014 | 0.022 | 0.070 | 0.086 | 0.071 0.089 | 11585 (11553

REMEDHUS 0.50 | -0.032 | -0.027 | 0.075 | 0.076 0.082 0.081 | 7144 | 7025

SCAN 0.50 | -0.024 | -0.001 | 0.079 | 0.090 | 0.083 0.090 |48599 | 47676

SMOSMANIA 0.43 | -0.102 | -0.067 | 0.066 | 0.098 0121 0.119 | 12467 | 11477

Sodankyla 0.41 | -0.067 | -0.011 | 0.094 | 0.124 0116 0.124 622 | 608

VAS 0.58 | -0.046 | -0.011 | 0.090 | 0.092 | 0.101 0.093 686 | 664

0.83
0.63
0.71
0.51
0.78
MESONET | 0.71 | 0.59 | -0.069 |-0.048 | 0.067 | 0.079 | 0.096 0.093 | 46494 | 45817
0.54
0.62
0.69
0.55
0.62
0.70

Watersheds 0.57 | -0.000 | 0.016 | 0.048 | 0.054 | 0.048 0.056 | 2778 | 2779
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Concatenated debiased amma CalVal Sites Insitu Time Series: 2 kept / total 2 - Ascending orbits
CalVal Series Rejection Correlation Threshold if all scenarios corr < 0.500 or it exits R pvalues > 0.05 or #data < 20

1 statistics: SMOS - Insitu

lSarIes

R Bias | STDD | RMSD | #kept
V650 0.77 0.030 | 0064 | 0.070 1348
V700 0.82 0.011 0.053 | 0.054 1317
SMOS/Insitu series statistics
lSerIes Meansuas Memhm STDsuos smhm
VE50 0.125 0.094 0.098 0.066
NT00 0.108 0.098 0.092 0.067
Filter Stats

Keries veso | veso | w700 | v700

All Inter All Inter
nitial 1961 1960 1963 1962
Retrieved 81.34% 81.33% 81.25% 81.24%
[Successful | 84.58% | 84.57% | 8257% | 82.62%
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Figure 30: overall concatenated all AMMA network sites Taylor Diagram, statistics and
confidence interval v700 SM, v650 SM against in-situ SM for ascending orbits.

CESBIO-FMI-Tor Vergata-WSL/Gamma

SO-TN-CB-GS-0095-2.a L2SM ESL



&Bfo
% FMI

g GAMMA REMOTE SENSING

SO-TN-CB-GS-0095
Issue: 2.a
Date: 05/07/2021

SMOS 3RP MISSION
REPROCESSING CAMPAIGN
LEVEL 2 SM V700 OVERALL

QUALIFICATION

L2SM ESL
Page 59 / 245

Concatenated debiased amma CalVal Sites Insitu Time Series: 2 kept / total 2 - Descending orbits
CalVal Series Rejection Correlation Threshold if all scenarios corr < 0.500 or it exits R pvalues > 0.05 or #data < 20

1 statistics: SMOS - Insitu
Series R Bias STDD RMSD #kept Bias
V650 070 | 0024 | 0066 | 0070 | 1490 o o: InSitn
V700 0.83 0.004 0.048 0.048 1468 o ® 1:vE50 0.02
ol 02 © 2:v700 '
. . " 01 03
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i i e * 0.015
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Figure 31: overall concatenated all AMMA network sites Taylor Diagram, statistics and
confidence interval v700 SM, v650 SM against in-situ SM for descending orbits.
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Concatenated debiased Argentina CalVal Sites Insitu Time Series: 37 kept / total 52 - Ascending orbits
CalVal Series Rejection Correlation Threshold if all scenarios corr < 0.500 or it exits R pvalues > 0.05 or #data < 20

1 statistics: SMOS - Insitu

lSarIes
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Figure 32: overall concatenated all Argentina network sites Taylor Diagram, statistics and
confidence interval v700 SM, v650 SM against in-situ SM for ascending orbits.
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Concatenated debiased Argentina CalVal Sites Insitu Time Series: 36 kept / total 51 - Descending orbits
CalVal Series Rejection Correlation Threshold if all scenarios corr < 0.500 or it exits R pvalues > 0.05 or #data < 20

1 statistics: SMOS - Insitu

Series R Bias | STDD | RMSD | #kept
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Figure 33: overall concatenated all Argentina network sites Taylor Diagram, statistics and
confidence interval v700 SM, v650 SM against in-situ SM for descending orbits.

CESBIO-FMI-Tor Vergata-WSL/Gamma

SO-TN-CB-GS-0095-2.a

L2SM ESL



&Bfo
% FMI

g GAMMA REMOTE SENSING

SO-TN-CB-GS-0095
Issue: 2.a
Date: 05/07/2021

SMOS 3RP MISSION
REPROCESSING CAMPAIGN
LEVEL 2 SM V700 OVERALL

QUALIFICATION

L2SM ESL
Page 62 / 245

Concatenated debiased cesbioso CalVal Sites Insitu Time Series: 4 kept / total 4 - Ascending orbits
CalVal Series Rejection Correlation Threshold if all scenarios corr < 0.500 or it exits R pvalues > 0.05 or #data < 20

1 statistics: SMOS - Insitu
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Figure 34: overall concatenated all CESBIOSO network sites Taylor Diagram, statistics and
confidence interval v700 SM, v650 SM against in-situ SM for ascending orbits.
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Concatenated debiased cesbioso CalVal Sites Insitu Time Series: 4 kept / total 4 - Descending orbits
CalVal Series Rejection Correlation Threshold if all scenarios corr < 0.500 or it exits R pvalues > 0.05 or #data < 20

1 statistics: SMOS - Insitu
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Figure 35: overall concatenated all CESBIOSO network sites Taylor Diagram, statistics and
confidence interval v700 SM, v650 SM against in-situ SM for descending orbits.
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Concatenated debiased hobe CalVal Sites Insitu Time Series: 1 kept / total 1 - Ascending orbits
CalVal Series Rejection Correlation Threshold if all scenarios corr < 0.500 or it exits R pvalues > 0.05 or #data < 20

1 statistics: SMOS - Insitu

Series R Bias | STDD | RMSD | #kept
V650 0.36 0052 | 0084 | 0.099 2035
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Figure 36: overall concatenated all HOBE network sites Taylor Diagram, statistics and
confidence interval v700 SM, v650 SM against in-situ SM for ascending orbits.
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Concatenated debiased hobe CalVal Sites Insitu Time Series: 1 kept / total 1 - Descending orbits
CalVal Series Rejection Correlation Threshold if all scenarios corr < 0.500 or it exits R pvalues > 0.05 or #data < 20

1 statistics: SMOS - Insitu

Series R Bias | STDD | RMSD | #kept Blas
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Figure 37: overall concatenated all HOBE network sites Taylor Diagram,

Standard deviation

confidence interval v700 SM, v650 SM against in-situ SM for descending orbits.
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Concatenated debiased mesonet CalVal Sites Insitu Time Series: 97 kept / total 103 - Ascending orbits
CalVal Series Rejection Correlation Threshold if all scenarios corr < 0.500 or it exits R pvalues > 0.05 or #data < 20

» statistics: SMOS - Insitu
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Figure 38: overall concatenated all MESONET network sites Taylor Diagram, statistics and

[
05 1 2

confidence interval v700 SM, v650 SM against in-situ SM for ascending orbits.
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Concatenated debiased mesonet CalVal Sites Insitu Time Series: 100 kept / total 103 - Descending orbits
CalVal Series Rejection Correlation Threshold if all scenarios corr < 0.500 or it exits R pvalues > 0.05 or #data < 20
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Figure 39: overall concatenated all MESONET network sites Taylor Diagram, statistics and
confidence interval v700 SM, v650 SM against in-situ SM for descending orbits.
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Concatenated debiased remedhus CalVal Sites Insitu Time Series: 18 kept / total 22 - Ascending orbits
CalVal Series Rejection Correlation Threshold if all scenarios corr < 0.500 or it exits R pvalues > 0.05 or #data < 20

1 statistics: SMOS - Insitu

Series R Bias STDD RMSD #kept Bias
V650 052 | -0.024 | 0075 | 0079 | 6534 S 0:InSitn
V700 0.56 -0.031 0.072 0.079 6572 o ® 1:vE50
ol 02 ® 2:v700
. . e 0.1 03
SMOS/Insitu series statistics TT— 04 o
N o
i i I +~
lSerIes Meansuas Memhm STDsuos smhm f - \ 0% ‘e /
[ [ - 4
V650 0.104 0.128 0.084 0.068 ' i 7 \0.6 "/D
N700 0.098 0.130 0.083 0.068 =T ? o
07 e "
. GF
Filter Stats . % ”,
e
lSerIes V650 V650 v700 v7oo 5 ; ; s .
Al | Inter | Am | inter H o m e N °, ||
T s - -
nitial 12034 9360 12056 9377 g # i
s -
Retrieved 79.18% | 79.20% | 79.06% | 79.09% i s . 08
’ i )
[Sul:cassful 88.15% | 86.95% | 88.11% | 88.62% s - S - g
s i T B
R STDD = .
05— 008 _ B \ 0.85
055 T E {0078 E 1 Bg-_-—
E H _ | osm
05| 2 007/ 1 L R
12 12 A \
Bias RMSD : 1
P Ll 0.06 0.08 0.1
Standard deviation
E 0082 1
-0.025
.03 E {
0.078 | |
Q03— 0476 T2

0.03

0.02

0.01

-0.01

-0.02

-0.03

Figure 40: overall concatenated all REMEDHUS network sites Taylor Diagram, statistics and
confidence interval v700 SM, v650 SM against in-situ SM for ascending orbits.
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Concatenated debiased remedhus CalVal Sites Insitu Time Series: 18 kept / total 22 - Descending orbits
CalVal Series Rejection Correlation Threshold if all scenarios corr < 0.500 or it exits R pvalues > 0.05 or #data < 20

1 statistics: SMOS - Insitu

Series R Bias STDD RMSD #kept
ME50 050 | -0027 | 0076 | 0081 | 7025 T
V700 0.54 -0.032 0.075 0.082 7144 ® 1:vE50
® 2:v700
SMOS/Insitu series statistics
o
»
lSerIes Meansuas Memhm STDsuos smhm '0,
~ @
V650 0.108 0.135 0.083 0.068 ; \0.6 s,
N700 0.103 0.135 0.085 0.068 =7 z o
07 o
. s’i
Filter Stats / -
H s o
lSerIes V650 V650 v700 v7oo 5 ; ; s .
Al | Inter | Am | inter H frmm -5 A
i / - -~
nitial 12127 9623 12127 9623 i; # i
< -
Retrieved 80.98% | 80.87% | 80.91% | 80.82% @ v ; 08
p !
Flll:ﬁﬂsful 89.10% | 90.27% | 91.42% | 91.86% /s e o - -
Ve M- gt
o P STDD - - \m
; oos| | -
055 { | T | Q-
- B o078 D{}} -
o E L 0.076 | | . o
o oo7a| | | P o
12 o 0 \
Bias 0086+ AMSD 0.06 0.08 o !
- T Standard deviation
0.025 0084 |
E 0.082| H |
003 1 ousl |
0078 = 1
0.035 i
1 2 oTET

0.03

0.02

0.01

-0.01

-0.02

-0.03

Figure 41: overall concatenated all REMEDHUS network sites Taylor Diagram, statistics and
confidence interval v700 SM, v650 SM against in-situ SM for descending orbits.
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Concatenated debiased scan CalVal Sites Insitu Time Series: 106 kept / total 156 - Ascending orbits
CalVal Series Rejection Correlation Threshold if all scenarios corr < 0.500 or it exits R pvalues > 0.05 or #data < 20
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Figure 42: overall concatenated all SCAN network sites Taylor Diagram,
confidence interval v700 SM, v650 SM against in-situ SM for ascending orbits.
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Concatenated debiased scan CalVal Sites Insitu Time Series: 102 kept / total 156 - Descending orbits
CalVal Series Rejection Correlation Threshold if all scenarios corr < 0.500 or it exits R pvalues > 0.05 or #data < 20

1 statistics: SMOS - Insitu

Series R Bias | STDD | RMSD | #kept Bias
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Figure 43: overall concatenated all SCAN network sites Taylor Diagram, statistics and
confidence interval v700 SM, v650 SM against in-situ SM for descending orbits.
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Concatenated debiased smosmania CalVal Sites Insitu Time Series: 19 kept / total 21 - Ascending orbits
CalVal Series Rejection Correlation Threshold if all scenarios corr < 0.500 or it exits R pvalues > 0.05 or #data < 20

1 statistics: SMOS - Insitu
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Figure 44: overall concatenated all SMOSMANIA network sites Taylor Diagram, statistics and
confidence interval v700 SM, v650 SM against in-situ SM for ascending orbits.
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Concatenated debiased smosmania CalVal Sites Insitu Time Series: 18 kept / total 21 - Descending orbits
CalVal Series Rejection Correlation Threshold if all scenarios corr < 0.500 or it exits R pvalues > 0.05 or #data < 20
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Figure 45: overall concatenated all SMOSMANIA network sites Taylor Diagram, statistics and

confidence interval v700 SM, v650 SM against in-situ SM for descending orbits.
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Concatenated debiased Sodankyla_avg CalVal Sites Insitu Time Series: 2 kept / total 2 - Ascending orbits
CalVal Series Rejection Correlation Threshold if all scenarios corr < 0.500 or it exits R pvalues > 0.05 or #data < 20
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Figure 46: overall concatenated all Sodankyla network sites Taylor Diagram, statistics and

confidence interval v700 SM, v650 SM against in-situ SM for descending orbits.
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Concatenated debiased vas CalVal Sites Insitu Time Series: 1 kept / total 1 - Ascending orbits
CalVal Series Rejection Correlation Threshold if all scenarios corr < 0.500 or it exits R pvalues > 0.05 or #data < 20

1 statistics: SMOS - Insitu

Series R Bias | STDD | RMSD | #kept
V650 041 0011 | 0124 | 0.124 608
V700 055 0067 | 0094 | 0.116 622
SMOS/Insitu series statistics
lSerIes Meansuas Memhm STDsuos smhm
VE50 0.153 0.164 0.122 0.103
NT00 0.100 0.167 0.094 0.105
Filter Stats

Keries veso | veso | w700 | v700

All Inter All Inter
nitial 1107 887 1107 887
Retrieved 78.05% 78.02% 77.78% 77.79%
[Successful | 86.46% | 87.86% | 89.55% | 90.14%

STDD

R
0T—

-

ol

12 o
Bias RMSD
0.16
ol E T

= = 0.14/ 1

005 : z
5 012/ E E 1

R 0.1 T 2

Standard deviation

InSitu
V650
: V700

® 00
N -

0.06

0.04

- -0.02

-1-0.02

-0.04

-0.06

Figure 47: overall concatenated all VAS network sites Taylor Diagram, statistics and confidence

interval v700 SM, v650 SM against in-situ SM for ascending orbits.
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Concatenated debiased vas CalVal Sites Insitu Time Series: 1 kept / total 1 - Descending orbits
CalVal Series Rejection Correlation Threshold if all scenarios corr < 0.500 or it exits R pvalues > 0.05 or #data < 20

1 statistics: SMOS - Insitu

Series R Bias | STDD | RMSD | #kept
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Figure 48: overall concatenated all VAS network sites Taylor Diagram, statistics and confidence

interval v700 SM, v650 SM against in-situ SM for descending orbits.
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Concatenated debiased watersheds CalVal Sites Insitu Time Series: 4 kept / total 4 - Ascending orbits
CalVal Series Rejection Correlation Threshold if all scenarios corr < 0.500 or it exits R pvalues > 0.05 or #data < 20
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Figure 49: overall concatenated all WATERSHEDS network sites Taylor Diagram, statistics and
confidence interval v700 SM, v650 SM against in-situ SM for ascending orbits.
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Concatenated debiased watersheds CalVal Sites Insitu Time Series: 4 kept / total 4 - Descending orbits
CalVal Series Rejection Correlation Threshold if all scenarios corr < 0.500 or it exits R pvalues > 0.05 or #data < 20
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[Series R Bias STDD RMSD #kept Blas
VE50 0.57 0.016 0.054 0.056 2779 S 0: InSitu 0.015
700 0.70 -0.000 | 0.048 0.048 2778 0 ® 1:vE50
o o2 O 2:v700
. . . 0.08 03
SMOS/Insitu series statistics T — 04 o
;T O,
lSerIes Mean,, .. | Mean L 81D, .rg\\ I T~ 05 '9{. 0.01
s / i . 4
VE50 0.120 0.104 0.064 0.049 1 / I~ v o
'l .
N700 0.104 0.104 0.067 0.049 / / AN ? o
0.06 / ; / S 07 e - 40.005
. ; 7 . °,
Filter Stats I, g / »
£ P b y ™, /p
lSerIes V650 vE50 V700 V700 3 y N, 08 S
Al Inter Al Inter H _ 5 N s
T / - -~ - 10
nitial 3820 3816 3816 a1z ] / / N\
§ 004 i i/ \
Retrieved 74.90% | 74.92% | 74.90% | 74.92% & ! ! J AT
Buccessful 97.17% | 97.20% | 97.27% | 97.27% j ! , - \ L 10,005
\ 00E
R STDD \
) ] oo \ 095
08 { o \
: 0.085| E 1 P - \II
LS SN K ) \ -0.01
06| é 1 0.045 | E ! s Y 0%
T — ra 1
e M . \ 0,018
20X pias AMSD 0.04 0.06 0.08
E Standard deviation
0.06 |

005

-§
g

e 004
1 2 12

Figure 50: overall concatenated all Watershed network sites Taylor Diagram, statistics and
confidence interval v700 SM, v650 SM against in-situ SM for descending orbits.

4.3.1.3

INSIGHT ON SOME SPECIFIC IN-SITU SITES

This section is no yet populated. The purpose is to add TP/stats for specific sites with
contrasted metrics SMOS SM vs. in-situ SM: for v700 and for v650:

The highest/lowest R

The highest/lowest STDD
The highest/lowest |bias|
The highest/lowest RMSD

4.3.2 SPATIAL MAPS

The following section present global maps made from ascending orbits of retrieved SM,
TauNadir, Chi2 and PRFI12 for the whole reprocessing period 20100501 — 20210131 and
for different segment of time from the three reprocessing instances. Retrieved values
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maps for v700 and v650, their maps of differences or maps of ratios and stats are
provided.

Parameters maps are average in time of parameters values over the period per DGG,
difference/ratio maps are average in time of orbit-wise differences (common successful
orbits) per DGG.

For a given vxxx map, black markers indicate systematically failing retrievals over the
considered period while the other version vyyy report at least 1 non failing retrievals. Dark
grey markers indicated that both vxxx and the other vyyy version are systematically failing
together. Light grey areas indicate other retrieval case than the maps focuses on e.g.
ACard/TauNadir, Tsurf systematic retrieved areas for SM/TauNadir maps and vice-versa.

Color-bar: the » marker indicates the distribution mode, the two inner v~ markers its
68.3% potentially asymmetrical percentile (16 equivalent Gaussian), the two outer its
95.4% potentially asymmetrical percentile (2 o equivalent Gaussian), the A V¥ the
min/max values.

4.3.2.1 RETRIEVED SOIL MOISTURE

The section 4.3.2.1.1 shows the maps for the whole 10+ years of average in time soil
moisture. These maps give the big picture but also include the entire past story especially
the RFI situation that changed in time. v700 has lower soil moisture than v650 on specific
areas. It is the case around rivers networks (well visible e.g. over Amazon) and for low
vegetation areas (e.g. Sahel) band. The former comes from the higher FWO (ESA CCI) for
v700 and the latter from the omega increase.

On other areas, specifically at high latitudes, the organic soil is competing in the other
direction limiting the decrease and sometime wining with higher retrieved v700 values
than v650.

Generally speaking v700 soil moisture map appears slightly smoother than v650 due to
joint NO/FO retrieval.

The sections 4.3.2.1.2, 4.3.2.1.3, 4.3.2.1.4 focusing on few months only of reprocessing
segment S1, S2, S3, do not change drastically these observations though with some
changes in magnitudes but also different RFI situation particularly strong for S1 (beginning
of the mission). What is essentially different is the black dots appearing mostly on v650
maps and not on v700 ones. These black dots identify systematic failures over the period
of a map for given version while for the other version retrievals did not fail systematically.
Over 10 years it does not appear as it is sufficient for a DGG that one successful retrieval
exists for one version while many exist for the other version to appear on the map. For
shorter period it is less the case and the many black dots appearing on v650 maps are
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very localized, actually where essentially the FFO+FNO join retrieval is in action where
v700 is gaining with less failures.

4.3.2.1.1 Whole REPR period 201006 — 20210131

Global: SML2PP Soil Moisture, v700, 20100501 to 20210201, Ascendln? orbits - MapType=AVGFLNOPROD
Retrieval status: Light grey DGG non FNO/FFQ - Medium grey not retrieved - Black v700 failed vE50 successful - Dark Grey both failed

Figure 51: Whole reprocessing 20100501 - 20210231; Global map time average of retrieved
v700 SM. Black dots, mean systematic v700 failures while v650 report at least one valid over
the period.

CESBIO-FMI-Tor Vergata-WSL/Gamma SO-TN-CB-GS-0095-2.a L2SM ESL



5

MO

gro
@ FMI

mﬂ# REMOTE SENSING

SO-TN-CB-GS-0095
Issue: 2.a
Date: 05/07/2021

SMOS 3RP MISSION
REPROCESSING CAMPAIGN
LEVEL 2 SM V700 OVERALL

QUALIFICATION

L2SM ESL

Page 81 / 245

Global: SML2PP Soil Moisture, v650, 20100501 to 20210201, nscendlng orbits - MapType=AVGFLNOPROD

Retrieval status: Light grey DGG non FNO/FFQ - Medium grey not retrieved - Black vE50

failed v700 successful - Dark Grey both failed

150

Figure 52: Whole reprocessing 20100501 - 20210231; Global map time average of retrieved
v650 SM. Black dots, mean systematic v650 failures while v700 report at least one valid over

the period.
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Global: SML2PP ; Soil Moisture, v700 - v650, 20100501 to 20210201, Ascending orbits - MapType=AVGFLNOPROD
Retrieval status: Light Grey no FNO/FFO, Medium Grey both failed, Dark Grey v700 sucessful only, Black v650 successful only¥
0,15

0.1

-60 . 0.1

Figure 53: Whole reprocessing 20100501 - 20210231; Global map time average of differences
of v700 retrieved SM minus v650 retrieved SM.
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Global: SML2PP : Soil Moisture Statistics, v700 - v650, 20100501 to 20210201, Ascending orbits - MapType=AVGFLNOPROD
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Figure 54: Whole reprocessing 20100501 - 20210231; Global histogram, cdf and stats of
differences of v700 retrieved SM minus v650 retrieved SM.
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4.3.2.1.2 S1: 20100601 — 20100905

Global: SML2PP Soil Moisture, v70051, 20100601 to 20100905, Asoendlngh%rbits MapTy
vESDS1 succe:

Retrieval status: Light grey DGG non FNO/FFO - Medium grey not retrieved - Black v70051 f;
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Figure 55: Reprocessing instance S1; Global map time average of retrieved v700 retrieved SM.
Black dots, mean systematic v700 failures while v650 report at least one valid.
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Global: SML2PP Soil Moisture, v65051, 20100601 to 20100905, Asoendlng orbits - MapT
Retrieval status: Light grey DGG nen FNO/FFO - Medium grey not retrieved - Black vE5051 f,

lod ¥70051 succ
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- Dark Grey both falled
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Figure 56: Reprocessing instance S1; Global map time average of retrieved v650 retrieved SM.
Black dots, mean systematic v650 failures while v700 report at least one valid.
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Global: SML2PP 4 Soil Moisture, v700S1 - v650S1, 20100801 to 20100905, Ascending orbits - MapType=AVGFLNOPROD
Retrieval status: Light Grey no FNO/FFO, Medium Grey both failed, Dark Grey v70051 sucessful only, Black v65051 successful m‘l‘yrl1l 2
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Figure 57: Reprocessing instance S1; Global map time average of differences of v700 retrieved

SM minus v650 retrieved SM.
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Global: SML2PP 2 Soil Moisture Statistics, v700S1 - v650S1, 20100601 to 20100905, Ascending orbits - MapType=AVGFLNOPROD
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Figure 58: Reprocessing instance S1; Global
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4.3.2.1.3 S2: 20140201 — 20140524

Global: SML2PP Soil Moisture, v70052, 20140201 to 20140524, Ascending orbits - MapTy,
Retrieval status: Light grey DGG non FNO/FFO - Medium grey not retrdeved - Black v70052 failed vE5052 succe

e=AVGFLNOPROD
I- Dark Grey both falled

Figure 59: Reprocessing instance S2; Global map time average of retrieved v700 retrieved SM.
Black dots, mean systematic v700 failures while v650 report at least one valid.
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C;Ioba%: SML2PP Soil Moisture, v65052, 20140201 to 20140524, Ascending orbits - MapType=AVGFLNOFROD

etrieval status: Light grey DGG non FNO/FFO - Medium grey not retdeved - Black v65052 failed v70052 succe

|- Dark Grey both falled
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Figure 60: Reprocessing instance S2; Global map time average of retrieved v650 retrieved SM.
Black dots, mean systematic v650 failures while v700 report at least one valid.
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Global: SML2PP 4 Soil Moisture, v700S2 - v650S2, 20140201 to 20140524, Ascending orbits - MapType=AVGFLNOPROD
Retrieval status: Light Grey no FNO/FFO, Medium Grey both failed, Dark Grey v70052 sucessful only, Black v65052 successful orlyn 2
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Figure 61: Reprocessing instance S2; Global map time average of differences of v700 retrieved

SM minus v650 retrieved SM.
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Global: SML2PP 2 Soil Moisture Statistics, v700S2 - v650S2, 20140201 to 20140524, Ascending orbits - MapType=AVGFLNOPROD
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Figure 62: Reprocessing instance S2; Global histogram, cdf and stats of differences of v700
retrieved SM minus v650 retrieved SM.
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4.3.2.1.4 S3: 20180201 — 20180414

Global: SML2PP Soil Moisture, v70053, 20180201 to 20180414, Asoendlng orbits - MapTy, ”gs-AVGFLNDPHOD

Retrieval status: Light grey DGG non FNO/FFO - Medium grey not retrdeved - Black v70053 failed vE5053 succe

|- Dark Grey both falled
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Figure 63: Reprocessing instance S3; Global map time average of retrieved v700 retrieved SM.
Black dots, mean systematic v700 failures while v650 report at least one valid.
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Global: SML2PP Soil Moisture, v65053, 20180201 to 20180414, Ascendlng orbits - MapTy,
Retrieval status: Light grey DGG non FNO/FFO - Medium grey not retrieved - Black vE5053

led ¥70053 succe:

e=AVGFLNOPROD
I- Dark Grey both falled
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Figure 64: Reprocessing instance S3; Global map time average of retrieved v650 retrieved SM.
Black dots, mean systematic v650 failures while v700 report at least one valid.
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Global: SML2PP 4 Soil Moisture, v700S3 - v650S3, 20180201 to 20180414, Ascending orbits - MapType=AVGFLNOPROD
Retrieval status: Light Grey no FNO/FFO, Medium Grey both failed, Dark Grey v70053 sucessful only, Black v65053 successful orlyn 2

[ -|-0.05

-0.1

B

150

Figure 65: Reprocessing instance S3; Global map time average of differences of v700 retrieved

SM minus v650 retrieved SM.
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Figure 66: Reprocessing instance S3; Global histogram, cdf and stats of differences of v700
retrieved SM minus v650 retrieved SM.

4.3.2.2 RETRIEVED TAUNADIR (VOD)

Over the 10 years, the most apparent change in retrieved nadir Tau is the smoothing
effect introduced by the joint NO+FO retrievals and well visible on v700 map. At the
border of dense forest we have observed a gain in the number successful retrievals for
v700 visible for S1, S2, S3 segments; it is also the case of course for TauNadir (maps of
sections 4.3.2.2.2, 4.3.2.2.3, 4.3.2.2.4). However the impact on TauNadir is also very
clear, more successful retrievals appear but usually with lower retrieved TauNadir that
form a thin brown border well visible on the Amaps. The vegetation opacity is the
parameter having the strongest non linear connection with the BT in our model due to its
exponential form (i.e. is very different of particularly if Taugo
and Tauyo are different)

Apart on these transitions FO/NO areas and an overall slightly decreased TauNadir,
Northern latitudes show significant increases of v700 retrieved opacity, probably in relation
both to higher v700 water fractions and organic soil.
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4.3.2.2.1 Whole REPR period 201006 — 20210131

Global: SML2PP V:‘?etation Opacity, v700, 20100501 to 20210201, Ascending orbits - MaPTy e=AVGFLNOPROD
Retrieval status: Light grey DGG non FNO/FFQ - Medium grey not retrieved - Black v700 failed vE50 successtul - Dark Grey both failed
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Figure 67: Global map of v700 retrieved opacity over the whole reprocessing period, 2010501 -
20210131
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Global: SML2PP Vegetation Opacity, v650, 20100501 to 20210201, Ascending orbits - MapType=AVGFLNOFROD
Retrieval status: Light grey DGG non FNO/FFQ - Medium grey not retrieved - Black vE50 failed v700 successtul - Dark Grey both failed
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Figure 68: Global map of v650 retrieved opacity over the whole reprocessing period, 2010501 -
20210131
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Figure 69: Global map of retrieved opacity difference, vZ00 — v650, over the whole
reprocessing period, 2010501 - 20210131
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Figure 70: histogram of Global retrieved opacity difference, v700 — v650, over the whole
reprocessing period, 2010501 - 20210131
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4.3.2.2.2 S1: 20100601 — 20100905

Global: SML2PP Vegetation Opacity, v70051, 20100601 to 20100905, Ascending orbits - MapType=AVGFLNOPROD
Retrieval status: Light grey DGG non FNO/FFO - M-dlnm grey not retrieved - Black v70051 failed vE5051 successful - Dark Grey both falled
1.6

1.4

Eos

Figure 71: Reprocessing instance S1; Global map time average of retrieved v700 retrieved VOD.

Black dots, mean systematic v700 failures while v650 report at least one valid.
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Global: SML2PP Vegetation Opacity, v65051, 20100601 to 20100905, Ascending orbits - MapType=AVGFLNOPROD
Retrieval status: Light grey DGG non FNO/FFO - Medium grey not retrdeved - Black v65051 failed v70051 successful - Dark Grey both falled

1.6

1650

Figure 72: Reprocessing instance S1; Global map time average of retrieved v650 retrieved VOD.
Black dots, mean systematic v650 failures while v700 report at least one valid.
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Global: SML2PP 1 Vegetation Opacity, v70051 - v65051, 20100601 to 20100905, Ascending orbits - MapType=AVGFLNOPROD

Retrieval status: Light Grey no FNO/FFO, Medium Grey both failed, Dark Grey v70051 sucessful only, Black v65051 successful oty
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Figure 73: Reprocessing instance S1; Global map time average of differences of v700 retrieved

VOD minus v650 retrieved VOD.
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Figure 74: Reprocessing instance S1; Global histogram, cdf and stats of differences of v700
retrieved VOD minus v650 retrieved VOD.
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4.3.2.2.3 S2: 20140201 — 20140524

Global: SML2PP Vegetation Opacity, v70052, 20140201 to 20140524, Ascending orbits - MapType=AVGFLNOPROD
Retrieval status: Light grey DGG non FNO/FFO - Medium grey not retrdeved - Black v70052 failed v65052 successful - Dark Grey both falled
1.6
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Eos

Figure 75: Reprocessing instance S2; Global map time average of retrieved v700 retrieved VOD.

Black dots, mean systematic v700 failures while v650 report at least one valid.
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Global: SML2PP Vegetation Opacity, v65052, 20140201 to 20140524, Ascending orbits - MapType=AVGFLNOPROD
Retrieval status: Light grey DGG non FNO/FFO - Medium grey not retreved - Black v65052 failed v70052 successful - Dark Grey both falled

1.6

1650

Figure 76: Reprocessing instance S2; Global map time average of retrieved v650 retrieved VOD.
Black dots, mean systematic v650 failures while v700 report at least one valid.
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Global: SML2PP 1 Vegetation Opacity, v70052 - v65052, 20140201 to 20140524, Ascending orbits - MapType=AVGFLNOPROD

Retrieval status: Light Grey no FNO/FFO, Medium Grey both failed, Dark Grey v70052 sucessful only, Black v65052 successful omy
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Figure 77: Reprocessing instance S2; Global map time average of differences of v700 retrieved
VOD minus v650 retrieved VOD.
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Global: SML2PP A Vegetation Opacity Statistics, v700S2 - v65052, 20140201 to 20140524, Ascending orb|

4 T

[Perf: FLNP
v70082
OK KO

v6 OK: 80.5% 2.2% 82.7%
50 KO: 8.3% 9.0% 17.3%
2 88.8% 11.2% 100.0%

Histogram %
N
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Figure 78: Reprocessing instance S2; Global histogram, cdf and stats
retrieved VOD minus v650 retrieved VOD.
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4.3.2.2.4 S3: 20180201 — 20180414

Global: SML2PP Vegetation Opacity, v70053, 20180201 to 20180414, Ascending orbits - MapType=AVGFLNOPROD
Retrieval status: Light grey DGG non FNO/FFO - Medium grey not retrdeved - Black v70053 failed v65053 successful - Dark Grey both falled

1.6

1650

Figure 79: Reprocessing instance S3; Global map time average of retrieved v700 retrieved VOD.
Black dots, mean systematic v700 failures while v650 report at least one valid.
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Global: SML2PP Vegetation Opacity, v65053, 20180201 to 20180414, Ascending orbits - MapType=AVGFLNOPROD
Retrieval status: Light grey DGG non FNO/FFO - Medium grey not retrdeved - Black v65053 failed v70053 successful - Dark Grey both falled

1.6

Figure 80: Reprocessing instance S3; Global map time average of retrieved v650 retrieved VOD.

Black dots, mean systematic v650 failures while v700 report at least one valid.
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Global: SML2FP a1 Vegetation Opacity, v700S3 - v650S3, 20180201 to 20180414, Ascending orbits - MapType=AVGFLNOPROD

Retrieval status: Light Grey no FNO/FFO, Medium Grey both failed, Dark Grey v70053 sucessful only, Black v65053 successful oty
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Figure 81: Reprocessing instance S3; Global map time average of differences of v700 retrieved

VOD minus v650 retrieved VOD.
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Global: SML2PP A Vegetation Opacity Statistics, v700S3 - v65053, 20180201 to 20180414, Ascending orbits - MapType=AVGFLNOPROD
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Figure 82: Reprocessing instance S3; Global histogram, cdf and stats of differences of v700
retrieved VOD minus v650 retrieved VOD.

4.3.2.3 RETRIEVED CHI2

Comparing the Chi2 between v700 and v650 is not that easy for two reasons. Despite the
post retrieval Chi2 rescaling coefficient used for v650 and the optimal value obtained for
orre appeared to be consistent, the v700 introduce a different (bigger) normalization.
Secondly, the L1C 724 introduce changes particularly due to Gibbs2 (reducing the Chi2
toward the water body mass). We observe a strong signature on Chi2 ratio maps; from
more neutral white inland toward blue (reduced) Chi2 approaching to water masses. It
could be the Gibbs2 effect we never observed so well thanks to the 10 years of data.

The second important effect is RFI. Chi2 is very sensitive to RFI and for both versions it is
the main big feature of Chi2 drop we can observe on maps. However, if mostly v700 has
lower Chi2 or equivalent than v650 it is not the case over RFI areas where actually it is the
opposite. All in one it is rather a good thing though it is not well understood.
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4.3.2.3.1 Whole REPR period 201006 — 20210131

Global: SML2PP Chi2, v700, 20100501 to 20210201, Ascending orbits - MapType=AYGFLNOPROD
Retrieval status: Light grey DGG non FNO/FFQ - Medium grey not retrieved - Black v700 failed vE50 successful - Dark Grey both failed

s

Figure 83: Whole reprocessing 20100501 - 20210231; Global map time average of retrieved
v700 Chi2. Black dots, mean systematic v700 failures while v650 report at least one valid over
the period.
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Global: SML2PP Chi2, v650, 20100501 to 20210