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Figure 3.2 represents the emissivities at 21.8 GHz and 89 GHz for AMSU-
A-derived retrievals (from Karbou) and from TELSEM over South America.
Again, it can be noted the angle dependency appears for TELSEM. Hydrolog-
ical structures around the Amazon or the Orinoco appear very clearly on the
TELSEM estimate. The salar in Bolivia are also well delineated.

3.2 Radiative transfer simulations on the back-
ground

In this section, we analyze the brightness temperatures simulated by RTTOV
when using the background information (See section 3.1). The differences be-
tween O, the real Observations, and B, the brightness temperatures correspond-
ing to the Background state, is probably the more direct way to monitor the
quality of the various emissivity sources because after the 1D-var, it is difficult
to say if an emissivity is better or not since all the geophysical parameters can
change during the retrieval.

3.2.1 (O — B) statistics - No filtering

In this section, (O — B) statistics are presented without any cloud filtering.
All surface classes and scanning angles are condidered in the statistics. In
Figure 3.3, the histograms of (O — B) are represented for each AMSU-A chan-
nels. The bias and RMS errors are also indicated in the figure. The statistics
are provided for Fixed (red), AMSU-A-derived (blue) and TELSEM (green)
emissivities. Both AMSU-A-derived and TELSEM provide a strong improve-
ment as compared to the Fixed emissivity configuration. AMSU-A-derived and
TELSEM statistics are not very different in terms of RMS. However, it should
be noted that bias is higher for TELSEM than for AMSU-A-derived. This
stronger biases are compensated by TELSEM by a lower standard deviation of
the errors which results in a comparable RMS errors. We can explain this be-
havior by the fact that the SSM/T emissivities used to calibrate TELSEM have
been estimated using Ts estimates from infrared satellite observations (from
ISCCP). It is well-known that the surface temperatures are often questionable
in NWP outputs, expecially over arid regions. This would explained the bias in
TELSEM emissivities. The lower STD errors of TELSEM seem to compensate
well these biases. The higher STD errors in AMSU-A-derived can result from
cloud contamination or a limited number of observations to compute the atlas
(due to the scanning geometry).

3.2.2 (O — B) statistics - Cloud and 1D-var filtering

In this section, contrarily to 3.3, the cloud filtering is used, and only data for
which the 1D-var has converged are kept in the statistics. Furthermore, in order
to perform these statistics on the same ensemble for the three configurations,
only the common situations that have converged are used here (otherwise, we
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Figure 3.2: Emissivities at 21.8 GHz (upper part) and 89 GHz (lower part) for
AMSU-A-derived retrievals (from Karbou, left panel) and from TELSEM (right
panel), for July 15" at cycle 18.
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Figure 3.3: Statistics for (O — B) for all AMSU-A channels, for Fixed (red),
AMSU-A-derived (blue) and TELSEM (green) emissivities. These statistics are
for two days in January and July 2008, and all surface classes. No cloud filtering
is used. Bias and RMS statistics are provided.
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would compare statistics on different ensembles). In Figure 3.4, the histograms
of (O — B) are represented for channels 23.8, 31.4, 50.3, 52.8, 57.29 and 89 GHz.
The bias and RMS errors are also indicated in the figure. The statistics are
provided for Fixed (black), AMSU-A-derived (green) and TELSEM (red) emis-
sivities. Differences are not very important but this is expected since these
statistics show only results for “easy” situations, where even the fixed emissiv-
ity has converged.
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Figure 3.4: Statistics for (O — B) for fixed (black), AMSU-A-derived (green)
and TELSEM (red) emissivities. These statistics are for the situations that
have converged for the three emissivity sources, for two days in January and
July 2008, and all surface classes. Bias and RMS statistics are provided. A
cloud-flag has been used to keep only clear cases.

It can be seen that the fixed emissivity seems to be biased compared to
TELSEM or AMSU-A-derived emissivities. TELSEM and AMSU-A-derived
seem to be a noticable improvement for channel 31.4 GHz, and TELSEM seems
to be better for channel 50.3. For sounding channels, no difference can be seen
between the three different sources of emissivities, as expected.
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3.3 1D-var

In this section, only situations for which the 1D-var has converged (and that
are potentially assimilated in a NWP system) are considered. It is important
to note that it is difficult to assess precisely the contribution of the quality of
the emissivity in the statistics since all the geophysical parameters (surface and
atmospheric) are changed during the 1D-var.

3.3.1 (O — R) statistics - Cloud and 1D-var filtering

Figure 3.5 is similar to Figure 3.4 but this time, the real satellite observations,
O are compared to R, the brightness temperatures associated to the retrievals.
The major improvement from TELSEM is for channel 31.4 GHz. For other
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Figure 3.5: Statistics for (O— R) for fixed (black), AMSU-A-derived (green) and
TELSEM (red) emissivities. This statistics is for the points that have converged
for the three emissivity sources, for two days in Janyaru and July 2008, and all
surface classes.

channels, TELSEM results are quite close to the fixed emissivity. This shows
that the statistics on the points that have converged for the three emissivity
sources should be considered with caution. Since the 1D-var has converged for

15



all these three emissivity sources, it means that the emissivities from TELSEM
and AMSU-A-derived are both close to the fixed one.

3.3.2 Sensitivity to surface class

Figure 3.6 represents the number and percentage of situations that have con-
verged in the 1D-var for Fixed and TELSEM emissivities. The percentages
include the cloud filtering, more than half of the rejections are the result of this
cloud filtering (See section 1.2). The statistics have been done using the two
days, in January and July. TELSEM appears to be very interesting for snow-ice
classes (i.e. classes 6, 7 and 8). TELSEM represents an important improvement
too for class 10 that gathers surfaces with surface water. TELSEM is overall
an improvement for all classes except for classes 3, 4 and 5 (i.e. arid regions).
However, these results need to be further analyzed, the results have a significant
variation from one day to another and more OPS data would be necessary to
obtain stable statistics.

x10*

I FIXED I FIXED
I TELSEM . TELSEM

Percentage of situations / 1D-var

Figure 3.6: Number (left) and percentage (right) of situations that have con-
verged in the 1D-var for Fixed and TELSEM emissivities by surface class (Sec-
tion 2.2).

The reason for lower 1D-var convergence for TELSEM in arid regions could
be explained by the fact that TELSEM emissivities have been calculated using
surface temperature from IR satellite observations (ISCCP). It has been shown
that satellite surface temperatures and Ts analysis from NWP centers can differ
significantly (see e.g. Paul et al., 2012). So the degraded results for arid regions
(i.e. where Ts error are the most important) could result from an incompatible
surface temperature, not from an error in the emissivity estimate.

3.3.3 Sensitivity to scanning angle

Figure 3.7 shows the scanning angle dependency of the number of points that
have converged through the 1D-var. The percentage of situations is also pro-
vided (again, this percentage also includes the cloud filtering). It is surprising
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to note that, while when using the Fixed emissivity, the percentages are very
close for all scanning angles, the percentages increase with angle for TELSEM.
Further analysis would be necessary to explain this behavior. However, it should

x10°
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Figure 3.7: Number (left) and percentage (right) of situations that have con-
verged in the 1D-var for Fixed and TELSEM emissivities by scanning angle.

be noted that scanning angle is an important factor. Some tests have been con-
ducted with TELSEM with no angle dependency (not shown) and the impact
on results was significant.

3.3.4 Sensitivity to the data day

Figure 3.8 represents the percentage of points for which the 1D-var converges.
These statistics are provided for the Fixed and TELSEM emissivity configura-
tions, for January and July, each time for cycle 00, 06, 12 and 18. It can be seen

. FIXED
I TELSEM

Percentage of situations / 10-var

Jan00 Jan06 Jan12 Janl8  Jul00  Jul06  Jull2  Jul18

Figure 3.8: Percentage of of situations that have converged in the 1D-var for
Fixed and TELSEM emissivities for the two days and four cycles.

that results are much better for January than for July. One possible explanation
is that greater improvement in January is related to the better representation
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f snow emissivity overh the northern latitudes. In summer, smaller benefit can
be obtained. However, this sensitivity of the statistics to the data day would
required to be analyzed for a larger dataset.

3.3.5 Comparison with direct emissivity estimates

TELSEM is designed to provide a first guess in emissivity for a large set of
instruments because it can interpolate its emissivity estimates on frequency,
incidence angle or polarization conditions. This first guess can then be used
by a retrieval algorithm that will refine it. Various retrieval techniques can be
used for this task: statistical retrieval algorithms (Aires et al., 2001; Aires et
al., 2012; Bernardo et al, 2012), or assimilation (Karbou et al., 2006).

However, the methodology developed in (Prigent et al., 2006) can be used
to estimate directly the emissivity from the satellite observations and some a
priori, i.e., mainly the water vapour profile, surface temperature and cloud flag
(Prigent et al. 1997; Karbou et al., 2005). Since TELSEM is a very general pa-
rameterization of the emissivity, the direct estimation of the emissivities should
always be more precise.

A previous experiment has been conducted some time ago at MetOffice to
use direct estimates of the AMSU-A-derived emissivity. This experiment used
the estimates from Karbou, i.e. same emissivity retrieval algorithm as Prigent
et al. (2006). We have compared the number of situations that have converged
through the 1D-var when using the three emissivity configurations, and it con-
firms that the direct estimation from the satellite observations is overall slightly
better: the number of situations that have converged is 117456 (26.5%) for the
Fixed emissivities, 163191 (36.8%) for the TELSEM emissivities and 176059
(39.7%) for the AMSU-A-derived emissivities. Note that some points in the
AMSU-A-derived emissivity atlas are missing (about 20.000 thousands for an
overall dataset of 500.000 situations). The radiative transfer simulations on
these points appear to be questionable. These points have to be suppressed
in our (O — B) statistics. They are automatically suppressed by the “cloud
filtering” (O — B) > 0.7 K based on channel 4.
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Chapter 4

Conclusion and perspectives

4.1 Conclusion

In this study, the impact of TELSEM for 1D-var experiments has been tested
in an NWP context. The use of TELSEM increases strongly the quality of the
background state for the microwave surface-sensitive channels. It was shown
that compared to a constant microwave emissivity, the use of TELSEM in-
creases by almost a third the number of situations that converge in the 1D-var
algorithm.

TELSEM is a tool that is able to provide a first guess information in emis-
sivity for a large variety of cross-track or conical microwave instruments. It is
anchored to a SSMI/I microwave atlas derived from a long climatology (Prigent
et al., 2006). When tested on a specific instrument, TELSEM is almost as good
as a direct estimation of the emissivity, at a much lower development cost. Fur-
thermore, compared to a fixed atlas, TELSEM includes an angle dependency,
frequency and polarization interpolation, and uncertainty characterization, with
a flexibility in spatial resolution.

In this study, it was also pointed out that it is difficult to disantangle, in such
1D-var experiments, the contribution of the surface temperature and emissivity.
An error on the surface temperature can be compensated by an opposite error
for the emissivity. Therefore, it is difficult to validate the surface emissivity
without a validation of the surface temperature (see Paul et al., 2012 for such
a validation in the IR domain). TELSEM uses surface temperatures from IR
satellite observations (i.e. ISCCP dataset) that are and probably less “compat-
ible” with surface temperatures from NWP centers, but probably closer to the
actual truth. In particular, it is known that the surface temperature in oper-
ational analyses are limited (e.g. bias in particular in the arid regions), which
can explain the fact that TELSEM seems to have less impact for these regions.
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4.2 Perspectives

We have pointed out in this report some practical limitations in the experi-
ment that we have conducted at MetOffice. The first perspectives would be to
alleviate these limitations, namely:

e Increase the number of situations in our analysis;

e Use the uncertainty covariance matrix on TELSEM emissivities in the
1D-var;

e Improve the cloud flag that is presently questionable.

Other perspectives would be to validate the emissivities that are retrived by the
1D-var by validating the surface temperatures that are obtained. It is important
to disantangle the contribution of the surface temperature and emissivity in
this type of problem. The other important perspective would be to perform
assimilation and measure the impact of TELSEM on the forecast errors. We
could also test TELSEM for other instruments, in particular using SSMI/S
on board the DMSP platforms (it would be interesting to measure the impact
of TELSEM for a conical instrument). It has been shown that TELSEM is
beneficial for cloudy retrievals too, so our experiment could be extended for the
assimilation of cloudy and precipitating situations.
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