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1 Backscatter Collocation Study
For this section, we collocated ERS-2 scatterometer σ 0 with
ASCAT σ 0 values for the years 2007–2008. For ERS-2 we used σ 0
values from the Wind Scatterometer Fast Delivery Product,
ERS.WSC.UWI (Lecomte 1998), after eliminating σ 0 duplicates due
to reception of the same data by two or more receiving stations. For
ASCAT we took the σ 0 values from the newly reprocessed Level 2
data ( σ 0 is stored in Level 2 files as exact copies of the Level 1B
σ 0 values), after the three transponder calibration performed by
EUMETSAT. The conditions for collocation were:
•
•
•
•

distance between pairs: max 12.5 km
difference in incidence angle: max 1°
difference in azimuth angle: max 5°
difference in time: max 6 hours (in practice, ASCAT approx.
1 hour earlier than ERS-2 for all collocated pairs).

Obviously, the collocation is only possible for the common incidence
angle range of the two instruments, and only for the right swath of
ASCAT. We included all occurrences of σ 0 pairs, without separating
between land and sea (see Figure 1–1). Figure 1–2 shows the beam-wise
(fore, mid, aft) collocated σ 0 differences between ASCAT and ERS-2
against incidence angle θ . Also shown are moving averages using a
window width of 5° (red lines). On average, ASCAT σ 0 seems approximately 0.22 dB higher than ERS-2 σ 0 values (0.263 dB for the
fore beam, 0.096 dB for the mid-beam and 0.289 dB for the aft beam).
Furthermore, fore- and aft beam σ 0 differences increase with increasing θ while mid-beam differences decrease.
Figure 1–3 shows the σ 0 collocated values as a scatterplot. The differences seem to increase slightly with decreasing backscatter.
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Figure 1–1.
Distribution of the collocated sigma-0 pairs for the
a) fore-, b) mid- and c) aft
beams.
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Figure 1–2.
Collocated sigma-0 differences according to incidence angle for the
a) fore-, b) mid- and c) aft
beams. The red lines indicate moving average values
with a window width of 5°.
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Figure 1–3.
Collocated sigma-0 scatterplot for the a) fore-, b)
mid- and c) aft beams.
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2 Soil Moisture vs Incidence Angle
A good way of evaluating the quality of the ASCAT Level 2 soil
moisture product is by computing long-term node-wise averages of soil
moisture in the along-track direction. This effectively reveals any biases
in surface soil moisture m s according to incidence angle θ . Ideally, the
averaged m s (θ ) function should be constant, or at least its shape for
ASCAT should resemble the one for ERS-1/2. Figures 2–1 a) and b)
show the monthly averages 1 of ms (θ ) for ERS-1 (January 1992 to December 1995) and ERS-2 (January 1997 to December 2000) respectively. The considered input data comes as the IFREMER ERS-1/2
WNF product in orbit geometry (CERSAT/IFREMER 1999) and constitutes the large majority of the dataset used to generate the
WARP5.0 scattering parameter database, in turn currently used to
produce the ASCAT NRT surface soil moisture product at
EUMETSAT. The curves in Figure 2–1 were computed by reprocessing
WNF σ 0 triplets using the latest version of the ASCAT NRT processor.
An inspection of Figures 2–1 a) and b) reveals several facts. Firstly,
the global surface soil moisture seems to describe a yearly cycle, with
highest values in summer (July-August) and lowest in winter. This is in
agreement with the predominant position of the Earth’s land masses in
the northern hemisphere, where often summer rains occur. This yearly
cycle is better visualised by plotting the monthly averages (all incidence angles considered) against time, as in Figure 2–3.
Secondly, ERS-1 and ERS-2 apparently had a slightly different calibration: although in both cases the overall yearly average surface soil
moisture is reasonably constant and around 38%, the incidence angle
behaviour is clearly different from one instrument to the other. In addition, the ERS-1 values seem to have less variability than those of
ERS-2.
The monthly curves for April–May 1996 when there was an overlap
in ERS-1 and ERS-2 operation are shown in Figure 2–1 c). The incidence angle behaviour is similar to cases a) and b). Interestingly (and
rather conveniently), the curve resulting from averaging ms (θ ) func-

1

To increase data processing speed, actually only the first 7 days of each
month were averaged. Averaging over the entire month would result in very
similar curves.
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tions from both ERS-1 is more constant than the individual ERS-1 and
ERS-2 averages.

Figure 2–1.
Monthly average surface
soil moisture vs incidence
angle for a) ERS-1 , 19921995; b) ERS-2, 19972000; c) ERS-1 and ERS-2
for 1996 April-May; d)
ERS-2, 2007–2008. 8 randomly chosen ERS-1/2 24day periods between 1993
and 2000. Black lines
indicate the overall average
of the monthly curves.

More recent ERS-2 scatterometer data have been affected by both
satellite attitude problems (the satellite operates in a so-called gyro-less
mode since January 2001) and the failure of the on-board tape recorders, effectively reducing the data acquisition area to regions around selected receiving stations, mainly in the northern hemisphere. Two years
worth of monthly averages 1 (January 2007 to December 2008) are displayed in Figure 2–1 d). The shape of the curve is preserved from the
earlier stage of the mission, but the overall average is around 4 percentage points higher. The exact reason for this increase is not clear: it
1

Again, only the first 7 days of a month were averaged to represent the entire
month. This time the same UWI product has been used as in Section Fehler!
Verweisquelle konnte nicht gefunden werden..
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could be related to 1) different instrument calibration and/or 2) the
aforementioned reduction in the geographical measurement area and/or
3) actual climatological changes in the global soil moisture since the period 1992–2000.

Figure 2–2.
Monthly surface soil moisture vs incidence angle
behaviour for ASCAT
2007-2008. Black lines
indicate the overall average.

Figure 2–3.
The yearly cycle of the
global surface soil moisture, as observed by four
different ERS/ASCAT
mission periods.

Using the same reprocessed data as in Section Fehler! Verweisquelle
konnte nicht gefunden werden., we also computed the equivalent
ASCAT m s (θ ) curves for 2007–2008 (Figure 2–2). Their shape is
hardly constant, displaying an abrupt decrease in soil moisture with in-
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creasing incidence angle. The left and right beam behaviour is relatively symmetric, with a small “wiggle” observed in the right swath.
Similarly to the ERS case, the yearly average curve follows closely the
curves for October. Averaging of the curves over the incidence angle
range puts the ASCAT yearly cycle about 7-8 percentage points higher
than the ERS-1/2 curves for 1992–2000 (Figure 2–3). This is indeed an
additional concern, although at this point it was expected, given the
collocation results from Figure 1–2. (Simulations with the ASCAT
NRT soil moisture processor have shown that an increase of σ 0 of
0.2 dB for each of the scatterometer beams results in an increase of surface soil moisture of around 5-6 percentage points.)

Figure 2–4.
Two different sets of normalisation biases for
ASCAT backscattering
coefficient calibration.
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Figure 2–5.
Summary of the various
ERS/ASCAT surface soil
moisture vs incidence
angle behaviours.

Figure 2–5 summarises the findings of this section, by displaying all
the overall average curves of the cases discussed above. Of special interest here are the black curve (the average of the ERS-1/2 behaviour
for 1992–2000) and the dark blue curve (the ASCAT average curve
from Figure 2–2). In an optimal case, with 1) well-calibrated ERS and
ASCAT scatterometers in terms of absolute σ 0 and 2) no long-term
climatological effects, these curves should overlap over the range of incidence angles that is common for the two instruments (applicable of
course only to the right swath of ASCAT). Additionally, the degree to
which the curves are constant gives us indications about how consistently the soil moisture retrieval works over the incidence angle range.
The discrepancy between ERS and ASCAT σ 0 values was recognised also by the scatterometry team at the Royal Netherlands Meteorological Institute (KNMI), which in November 2008 released a set of
ERS–ASCAT σ 0 normalisation corrections, once the ASCAT transponder calibration was completed on EUMETSAT’s side. These are
decibel biases to be added to the σ 0 values for each ASCAT node,
beam and swath. The values were derived by analysing the ASCAT
wind product and reproducing wind distributions similar to those from
the ERS scatterometer (Verspeek et al. 2008). The bias values are displayed as the black curves in Figure 2–4. The average normalisation
bias between the three beams is shown in red. For the soil moisture the
latter is important, since any resulting change in soil moisture is determined by the average bias and not by the individual beam biases. In
other words, a beam-wise bias of say [0.3, 0.1, -0.1] dB applied to the
fore-, mid- and aft beams respectively is the same as applying a bias of
[0.1,0.1,0.1] dB.
To investigate the effect of the above KNMI normalisation on
ms (θ ) , we applied the above KNMI biases to ASCAT σ 0 triplets from
9
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October 2008. We chose this month because, as previously stated, its
ms (θ ) curve (violet in Figure 2–5) is the closest to the overall average
curve. We then recomputed the new ms (θ ) relationship (red curves in
Figure 2–5). At low incidence angles, the resulting surface soil moisture
is similar to the ERS-1/2 reference for 1992–2000, but increases exaggeratedly for the outer edge of the swath. Since currently the same biases are applied to ASCAT σ 0 values when producing EUMETSAT’s
operational Level 2 soil moisture product, increased soil moisture conditions are systematically observed at the outer edges of this product
swaths as well. It seems thus that what are satisfactory normalisation
biases for the Level 2 wind product are not at all satisfactory for the
Level 2 soil moisture product.
An attempt towards better suited normalisation biases was performed by using the collocated σ 0 differences observed in Figure 1–2.
Since these could only be derived for the common swath and incidence
angle range of the instruments, and since they seemed to have a linear
trend with incidence angle, we chose to fit a line to each of the three
σ 0 difference curves and apply the results symmetrically even for the
left beam. These linear normalisation biases are also shown in Figure 2–4, with the beam average (cyan lines) indicating an almost constant σ 0 decrease of around 0.2 dB. This is confirmed in the corresponding recalculated m s (θ ) curve for October 2008 (cyan lines in Figure 2–5), where the soil moisture decreases even below the equivalent
line for ERS-2 (shown in green). Since almost constant bias was applied
to all incidence angles, the procedure does not, unfortunately, do much
to compensate for the pronounced decrease of the soil moisture curve at
high incidence angles. Additionally, the question of how representative
ERS-2 data from 2007–2008 are for the entire 1992–2000 ERS-1/2 was
not assessed and is still open.
Figure 2–5 also shows dashed violet curves that are the same as the
October 2008 ASCAT curves but are produced by applying an azimuthal normalisation to σ 0 prior to soil moisture derivation. This
normalisation is present in the EUMETSAT soil moisture processor
and it is the only processing step that could induce asymmetries between the left and right swath versions of the m s (θ ) (the previously
presented curves did not use azimuthal correction precisely for this reason). As noticed, even when used, the effect of azimuthal normalisation
on ms (θ ) is negligible: the affected (mostly desert) regions are simply
too small compared to the extent of all land surfaces. They do however
have a slightly positive, “flattening” effect on the m s (θ ) curves.
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3 Gamma-0 over Tropical Forests
Using the same data (2007–2008) as in Section Fehler! Verweisquelle konnte nicht gefunden werden., we calculated γ 0 = σ 0 / cosθ values
for two tropical forest areas, shown in Figure 3–1. The Amazonian area
extent is identical with the one used in a EUMETSAT study
(Anderson 2008). Due to the present limited coverage of ERS-2, the
tropical forest areas of Borneo island are the best available for performing γ 0 comparisons between the two instruments that overlap in time.

Figure 3–1.
Considered tropical forest
areas: a) Amazon (latitude
[–5., –2.5], longitude
[–70., –60.5]); b)Borneo
(latitude [1.04, 1.89], longitude [112.69, 114.54]).

a)

b)

When displaying γ 0 vs θ (Figure 3–2), ASCAT backscatter behaviour over the Amazon area is satisfactory, with little variability between beams. For ERS-2, there is unfortunately no coverage for this
area. The γ 0 (θ ) function has a clearly negative slope. Depending on
how expected this is for this particular area, this might (partly) explain
the systematically low soil moisture values at high incidence angles observed in the previous section.
For the smaller Borneo area (Figure 3–3), ASCAT γ 0 values are
around 1 dB higher than for the Amazon (most likely because of a
slightly different tropical forest type), but still perform well. ERS-2 on
the other hand shows significantly lower values, especially for the midbeam and fore- and aft beams below 40° incidence angle. However, for
ERS-2 the low data availability renders a clear picture of the γ 0 behaviour impossible.
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a)

Figure 3–2.
Gamma-0 (dB) vs incidence angle behaviour for
ASCAT over the Amazonian area for a) ascending
and b) descending passes.

b)
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a)

Figure 3–3.
Gamma-0 (dB) vs incidence angle behaviour for
ASCAT and ERS-2 over
the Borneo area for
a) ascending and b) descending passes.

b)
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4 Conclusions
Cross-calibration between ASCAT and the ERS scatterometers is
not trivial. For the period 2007-2008, our collocation study shows that,
at least for the common incidence angle range, ASCAT σ 0 values are
on average approximately 0.22 dB higher than those of ERS-2. This is
confirmed also by the soil moisture vs incidence angle study, where
ASCAT soil moisture is systematically higher than that of ERS-2. The
latter observation could nevertheless also be influenced by the reduced
availability of ERS-2 data over much of the Earth’s land surface for
these two years.
Furthermore, the average 2007–2008 soil moisture from ERS-2 seems
in turn slightly higher than the soil moisture measured by ERS-1 and
ERS-2 during 1992–2000. In this case the climatological effects might
not be negligible.
Another concern, apart from the absolute σ 0 and soil moisture bias
of ASCAT with respect to ERS, is the bias of ASCAT soil moisture
values with respect to the incidence angle at which they were acquired.
While the ms (θ ) functions for ERS-1 and ERS-2 are not entirely constant themselves, and do not overlap perfectly, m s (θ ) for ASCAT
shows a pronounced decrease towards the higher end of incidence angles. The difference in soil moisture between the inner and outer edges
of the swaths is around 13-15 percentage points. The most affected incidence angle range is the one above 55°, which is not present for ERS
and thus missing also from the ERS scattering parameter database
used in the soil moisture retrieval.
Applying σ 0 normalisation corrections to ASCAT based on the
findings of the collocation study alone would acceptably reduce the absolute bias in soil moisture, but fail in accounting for the incidence angle bias. On the other hand, the normalisation corrections proposed by
KNMI are clearly overcorrecting for the higher incidence angle range.
Deriving normalisation corrections to deal with the incidence angle bias
seems easy enough, once we agree on simplifications such as applying
equal bias to each beam within one swath, for example. Setting the absolute value of the average m s (θ ) line towards which these biases
would help soil moisture to converge is however difficult, due to the
present uncertainty about which of the behaviours are closer to reality.
This would need further investigation.
The m s (θ ) study also highlighted the yearly cycle of the global average surface soil moisture, the amplitude of which is followed satisfac14
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torily by all sensors. It also showed that azimuthal anisotropies have
little effect on the long-term global m s (θ ) averages.
The γ 0 study over tropical forests confirms first of all the absence of
inconsistencies between the left and right swaths and the different
beams of the instrument. The presence of a negative slope of the γ 0 (θ )
function might explain the systematically low soil moisture values at
high incidence angles. In case of ERS-2 no clear conclusion can be
drawn about γ 0 , due to low data availability.
As an outlook towards future activities and improvements, both
ASCAT Level 2 products (soil moisture and wind) would greatly benefit from the timely reprocessing of the entire ERS-1 and ERS-2 σ 0
datasets (currently ongoing at ESA ESRIN). This would ensure a consistent dataset with improved quality, irrespective of the historical ups
and downs of the ERS missions. This is especially true for ERS-2.
In time, ERS σ 0 measurements with the best available calibration
should be combined with the best available ASCAT σ 0 to obtain a
very long term and robust scattering parameter database. This in turn
would further improve the soil moisture product and eliminate inconsistencies at the transition between any two consecutive instruments.
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