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Abstract

TELSEM is a microwave land surface emissivity interpolator recently developed
in the NWP SAF. It is anchored to a long SSM/I climatology of emissivities
but allows to estimate microwave emissivities for other present or future in-
struments. The objective of this study is to estimate the potential impact of
TELSEM in a NWP operational context. 1D-var experiments are conducted
over clear situations, for AMSU-A instrument, over land. They illustrate that
TELSEM increases very significantly the quality of background information in
NWP systems and that it increases by about one third the number of satellite
microwave observations that can be exploited by NWP centres over land .



Chapter 1

Description of the
experiment

1.1 Motivation

In order to help the assimilation of microwave radiances over land, a land surface
microwave emissivity interpolator for RT'TOV has recently been completed as
an NWP SAF associate scientist (AS) mission (Aires et al., 2009). TELSEM
(Tool to Estimate Land Surface Emissivity in the Microwave) is based on a
parameterization anchored to a SSM/I emissivity atlas (Prigent et al., 2008). It
was demonstrated to provide improved simulations of microwave radiances over
land for ASMR-E, AMSU-A, HSB and MHS (Aires et al., 2011). Furthermore,
it has been shown that TELSEM provides a good first approximation of the
emissivity that can be further refined by retrieval algorithms: statistical (Aires
et al., 2001; 2011), physical, variational (Karbou et al., 2006), assimilation.
As planned in the original AS mission, it is desirable to test TELSEM in an
NWP context and quantify its impact. The MetOffice already had a framework
for testing changes to the land surface emissivity and so was ideally placed to
provide the infrastructure for this work.

TELSEM is anchored to a SSM/I emissivity atlas. In order to analyze the
capacity of TELSEM to produce pertinent information for other instruments,
we will evaluate its emissivity estimates at AMSU-A frequencies (See Table 1.1
and Figure 1.1). Comparison with direct estimates of the AMSU-A emissivities
will be done when appropriate.

1.2 Experimental conditions for the 1D-var

1D-var Ezxperiment - Various options have been considered based on (1) the
timeframe for this project, (2) the availability of already existing tools, and (3)
the flexibility of the MetOffice framework. It has been decided that the OPS
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Figure 1.1: AMSU-A and -B weighting functions for a US standard tropical
atmosphere (WV=42 kg/m?) at nadir, assuming a surface temperature of 299 K

and a surface emissivity of 0.95 for: (a) AMSU-A1l, (b) AMSU-A2, and (c)
AMSU-B channels.



Channel number | Frequencies in GHz | Noise in K
1 23.8 0.30
2 314 0.30
3 50.3 0.40
4 52.8 0.25
5 53.596+0.115 0.25
6 54.4 0.25
7 54.94 0.25
8 55.5 0.25
9 57.290344 (= Fro) 0.25
10 Fro+0.217 0.40
11 Fr0+0.322240.048 0.40
12 Fr0+0.322240.022 0.60
13 Fr040.322240.010 0.80
14 Fr,0+0.322240.0045 1.20
15 89.0 0.50

Table 1.1: Instrument characteristics for AMSU-A onboard MetOp, a cross-
track instrument with 48 km spatial resolution at nadir.

system is not flexible enough at this stage for assimilation experiments. The
introduction of more data and the way we would have to take into account
incidence angles and uncertainty covariance matrices would be too complex
and time-consuming to be implemented in the timeframe of this project. As
a consequence, it has been decided that no assimilation experiments would be
conducted, only 1D-var experiments are performed in this study. The 1D-var
system of MetOffice is run on real conditions, the usual geophysical parameters
are retrieved (temperature, water vapour, surface temperature, etc.), together
with the emissivity at 23, 31, 50.3 and 89 GHz.

Clear sky - It has been shown that using microwave surface emissivities has
a strong positive impact for atmospheric profile retrievals under cloudy condi-
tions (Aires et al., 2010; Aires et al., 2011; Bernardo et al., 2012). TELSEM is
also used in the precipitation retrieval algorithm of GPM (Global Precipitation
Mission) (Ferraro et al., 2012). Activity also exist at ECMWF in order to use
land surface microwave emissivities for the assimilation of cloudy or precipitat-
ing observations (e.g., O’Dell, C. and P. Bauer, 2007). In this study, the goal is
to assess the ability of TELSEM to estimate reliable emissivity first guesses for
an independent instrument (i.e., AMSU-A), in an operational context, indepen-
dently of the difficult problem of retrievals in cloudy or precipitating conditions.
Only clear situations are considered here.

Cloud detection - The cloud detection approach used at the moment for lower
troposphere channels over land is based on a simple filter (Karbou et al., 2010):
the situation is considered to be cloudy when (O — B) > 0.7 K for channel 4
(52.8 GHz) (See weighting function in Figure 1.1). It should be noted that more
sophisticated microwave cloud filtering could be used (Aires et al., 2011a) but



this would be the subject of a future study. If the sitation is flaged as cloudy,
then channels 1, 2, 3, 4, 5 and 15 of AMSU-A are not used in the 1D-var scheme.
The 1D-var is performed for the other channels, but since the window channels
are not considered anymore in this case, they are of no interest here and we will
exclude these situations from our statistics. It should be noted that the cloud
flag (O — B) < 0.7 K for channel 4 is very limitating: only situations with a
very good background would be classified to be clear, which biases the statistics.
This topic will be discussed later.

Database - The OPS system has been used to extract files including the
inputs for the 1D-var and the real observations from AMSU-A instrument on
board METOP platform. Some auxiliary information is also kept in order to
diagnoze the results. Furthermore, the profiles and BT simulations after con-
vergence of the 1D-var are also kept (only for situations that have converged).
Two days have been extracted in order to sample the seasonal variability: Jan-
uary 15" and July 15" of 2008. Four cycles of 6 hours are considered for each
day, which should allow diurnal cycle sensitivity assessment (e.g. cycle 00 cor-
responds to the satellite data that is included between 9PM and 3AM, cycle
06 includes data between 3AM and 9AM, etc.). It will be seen in the following
that the use of much more days would be extremely valuable for the analysis
since the results appear to be dependant on the day. However, given the time
constraints, w limited our study to these two days.

Microwave emissivity - The “Atlas builder” generating the emissivities from
TELSEM (chapter 2.1) has been used to add AMSU-A emissivities to the back-
ground, B, before the 1D-var experiment. TELSEM is used in the online mode,
i.e. the emissivity is computed for each data point in the OPS outputs. In this
way, the emissivity background from TELSEM uses the polarization of channels
and the incidence angle. TELSEM will provide an emissivity estimate for all
AMSU-A channels but only channels 23, 31, 50.3 and 89 GHz will be retrieved.
The TELSEM emissivities will be compared in our experiments to a “Fixed”
emissivity at 0.95. In some cases, the results will also be compared to a direct
estimation of the emissivity using AMSU-A observations (2007 estimations by
Karbou), called AMSU-A-derived in this study.

Spatial resolution - The spatial resolution of the emissivity information from
TELSEM needs to be as close as possible to the satellite observations. As
a consequence, the Fortran code generating the emissivities uses the nominal
TELSEM resolution: a 0.25°x0.25° equal-area grid and, in the code, the clos-
est TELSEM pixel will be used for each data point (routine emis_interp_ind_mult
in the TELSEM package). Furthermore, it should be noted that the link be-
tween surface temperature and emissivity is very important for surface-sensitive
channels. TELSEM will be used with a good spatial resolution but the surface
temperature comes from the model and this discrepancy in spatial resolution
can be source of difficulties due this discrepancy on the spatial resolution.

Uncertainty covariance matrices - The emissivity uncertainty used in the 1D-
var is based in this study on the emissivity variability in the global monthly atlas.
This is a crude estimation of course. However, the 1D-var system at MetOffice is
set-up to run with a unique covariance matrix of the emissivity uncertainty, the



previous 1D-var experiment at MetOffice did not include any better uncertainty
information on emissivities. Unfortunatly, it seems too complex to change it at
this stage in the MetOffice system. This is a strong limitation of our 1D-var
experiment because the estimation of emissivity uncertainty is a key feature of
TELSEM and we will not be able to test it here.

Diagnostics - Various diagnostic tools can be used to assess the quality of
the emissivity information:

e (O — B), where O are the satellite observations, and B are the brigthness
temperatures simulated with the background profiles;

e (O — R), where R are the brightness temperatures simulated with the
retrieved quantities;

e The number of situations that have converged in the 1D-var is also a good
diagnostic for the quality of the emissivity information.



Chapter 2

TELSEM

2.1 Atlas builder

A Fortran code called METOFFICE_atlas.f90 has been delivered to MetOf-
fice. This code uses the TELSEM interpolator to build emissivity atlases. The
code has been developed to estimate AMSU-A and MHS emissivities at various
incidence angles, for various months of the year. Since TELSEM provides emis-
sivities and covariance matrices for both vertical and horizontal polarizations,
the mixing of the polarizations for each channel had to be implemented. This
involves some matrix manipulations, especially for the covariance matrix.

An IDL code to represent the resulting emissivities and uncertainties has
been developed and delivered at MetOffice. It uses the SAT_MAP library.

The code has been used to create the AMSU-A and MHS (20 channels)
emissivity atlas (Figure 2.1) for the twelve months of the year. Five scan-angles
have been considered: 5, 15, 25, 35, and 45° (see Figure 2.1 for emissivity at
5 and 45°). The atlas also includes the standard deviation of each of the 20
channels (the full covariance matrix has not been included so far in the 1D-var
experiment but TELSEM provides this information easily). It should be noted
that in the 1D-var experiment presented in the following section, these atlases
will not be used directly: since the exact incidence angle is provided for each
data point, the direct use of the code estimates specific emissivities for each
satellite observation.

2.2 Surface classification

A surface classification is used by TELSEM. We use in the following this clas-
sification to analyze the results of the 1D-var experiments.

The surface classification is based on a SSM/I-derived emissivity climatology
over 8 years (1993-2000). The NSIDC information is used to separate snow and
ice pixels, and our surface water climatology (Prigent et al., 2006) filters out the
surface waters. The resulting classification in self-similar surfaces is presented
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Figure 2.1: TELSEM emissivity at 50.3 GHz at 5° incidence angle (top), cor-

responding uncertainty estimates (middle), and emissivity at 50.3 GHz at 45°
incidence angle (bottom), for January.



in 2.2, for January and July. In this example, classes 1 to 5 correspond to
decreasing vegetation density. Classes 6-9 are for snow/ice-covered pixels. Class
10 represents pixels with surface water. Note that due to the large variability of
the snow emissivities, several classes are necessary to represent the snow regions.
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Figure 2.2: Surface classification using microwave emissivity information for (A)
January and (B) July.



Chapter 3

1D-var results

3.1 Inputs

The inputs of the 1D-var are the analysis of the MetOffice for surface properties
and atmospheric profiles (e.g., temperature or water vapour). The only differ-
ences between our three configurations come from the introduction of different
microwave emissivities. In Figure 3.1, the surface temperature and the surface
emissivity at 21.8 GHz are illustrated for three configurations: Fixed emissivity
at 0.95, TELSEM and AMSU-A-derived emissivities. It can be seen that we
have used the angle dependency of the emissivities for TELSEM. Furthermore,
the major differences appear at high latitudes.

Skin Temperature Emis 21.8GHz

Latitude
Latitude

o
Longitude

Emis 21.8GHz

Latitude
5
©
Latitude

-150 -100 -50 ) 50 100 150 [
Longitude Longitude

Figure 3.1: Inputs for the 1D-var, from top to bottom: Ts, emissivity at
21.8 GHz for Fixed, TELSEM and AMSU-A-derived, for January 15", at cycle
00:00AM.
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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
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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 N 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

16



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°

. FIXED
I TELSEM

Percentage of situations / 10-var

0°-5° 5°-15° 15°-25°  25°-35°  35°-45°  45°-55° 0°-5° 5°-15° 15°-25°  25°-35°  35°-45°  45°-55°
Scanning angle Scanning angle

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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