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1 Introduction

In the framework of the International Polar year, a �eld experiment will take place in
Antarctica during the Austral Spring 2008 and 2009 : Concordiasi.

(http ://www.cnrm.meteo.fr/concordiasi, Rabier et al., 2007)

This project is supported by the following agencies : Météo-France, CNES, IPEV, PNRA,
CNRS/INSU, NSF, NCAR, Concordia consortium, University of Wyoming and Purdue
University. ECMWF also contributes to the project through computer resources and
support, and scienti�c expertise. From September 2008, additional conventional obser-
vations will be operated over Antarctica such as radiosoundings at the Concordia (Do-
meC :75o12′S,123o37′E) and Dumont d'Urville stations (66o40′S, 140oE). Moreover, 600
dropsoundings will be dropped by twelve stratospheric pressurised balloons (SPB) in
2009. Thanks to these additional in-situ observations, studies will be performed in order
to improve the assimilation of infrared and microwave observations over high latitudes.

The model chosen for these studies is the meteorological model of Météo-France, AR-
PEGE (Courtier et al., 1994), developed in collaboration with ECMWF. It uses an ad-
vanced data assimilation system (Rabier et al., 2000) and the Variational Bias Correction
method (Auligne et al., 2007) for the treatment of the radiance biases.

The �rst main modi�cation in order to study polar assimilation was to change the
geometry of ARPEGE. The centre of the model has been moved southward from France to
DomeC. With this stretched model, the horizontal scale is less than 30km over Antarctica
(see the horizontal resolution in Fig. 1).

Based on a better resolution model over Antarctica, di�erent problems associated to
the high latitudes have been studied. The problem recalled in many papers (Barker, 2005,
Nordeng (WMO bulletin, 2007), McNally, 2007, Powers, 2007) is the spatial and temporal
density of observations for these latitudes. Over Antarctica, there are few conventional
data and mainly on the coast (see Fig. 2).

Studies have already shown the positive impact of an increase of the number of data
assimilated, such as GPS radio-occultation (Wee and Kuo, 2004, à veri�er). The orbito-
graphy of polar satellites allows to enhance the time sampling of observations. The use of
these data is restricted due to two main problems : the estimation of the surface emissivity
and the cloud detection (McNally, 2007). These two points will be seen in the following
section.
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Fig. 1 � Horizontal resolution of the ARPEGE model, stretched on DomeC

2 Microwave sensors

Radiance assimilation depends on the di�erence in brigthness temperature between the
model and the observations. In order to improve the brigthness temperature calculated
by the model, a good estimation of the surface emissivity is needed. Usually, only the
observations over open sea are assimilated thanks to a better estimation of emissivity
over sea. Over land and mainly cold surfaces, the variability of the surface emissivity
is much more complicated (Weng, 2003). For cold surfaces, the emissivity will depend
on the vertical structure of the surface (presence of snow, �rst-year ice, multiyear ice)
and of course of the physical properties of the di�erent layers. The interaction between
microwave radiation and the cold surface will vary in function of the frequency (variation
of the depth penetration) (Mathew, 2007 ; Picard, 2007).

Karbou has developed a method, within the constraints of 4D-Var, to help the assi-
milation of the microwave observations over land (Karbou et al. 2006). These methods
have been successfully tested at a global scale and have shown to be bene�cial to our
4D-Var system. This approach is called a "dynamical approach". The emissivity derived
from AMSU-A, channel 3 (50.3Ghz) and AMSU-B, channel 1 (89Ghz) are assigned to
the temperature and humidity sounding channels respectively. We have compared this
approach to the operational emissivity scheme (Grody, 1988 or Weng, 2001, depending on
the frequency). The two approach for emissivity calculation use observations, but Karbou
use also the measurement physics and the observations for each pixel in the assimilation
system rather than a linear regression approach. The impact of these approximations at
high latitudes is presented in Fig. 3 to 6 through the di�erence between the observations
and the model (called "fg-departure"). Note that no bias correction has been applied to
this di�erence.

Figures 3 and 4 show the fg-departure with the two approaches, for channel 5 (53Ghz)
of AMSUA. The main di�erence between these �gures is the decrease of the fg-departure.
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Fig. 2 � Radiosounding assimilated over Antarctica in ARPEGE
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Fig. 3 � fg-departure with the operational emissivity scheme. Channel 5. AMSUA (K)

Fig. 4 � fg-departure with the dynamical approach. Channel 5. AMSUA (K)

So, the model with the dynamical approach has a better �t to the observations. As a
consequence, more observations will be assimilated, in this case up to 41%. The impact
can also be seen through the comparison of the histogram of the "fg-departure" (Fig. 5
and 6). The histograms have been calculated for a two-week period, over Antarctica.

In Fig. 5 and 6, the plots for the operational emissivity scheme is in light blue and the
dynamical approach in dark blue. With the new approach, one can see, for all channels
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Fig. 5 � Histogram of "fg-departure" for AMSUA, channel 4 and 5 (K).

Fig. 6 � Histogram of "fg-departure" for AMSUB, channel 2 and 5 (K).

for each sensor, a histogram thinner and closest to the zero line. So, the model is closer
to the observations for the dynamical approach. For example, the histogram with the
operational emissivity show two peaks near -40K and 0K for the channel 2 of AMSUB
(�g. 6). For the same case, with the new approach, the histogram have only one peak
centred near OK, which reached more 10000 pixels. So, with this approach, most of the
points are close to the observations.

Studies have also been performed over sea ice. Fig. 7 and 8 show the comparison bet-
ween the operational and dynamical models for which the calculation of emissivity is based
on satellite data, over sea ice. As for land studies, the di�erence between observations and
the model is smaller in the case of the dynamical approach.

3 Infrared sensor

One aim of the campaign is the validation of IASI (Infrared Atmospheric Sounding
Interferometer) sensor. As recalled before, the main problem with the estimation of the in-
frared emissivity over land is the cloud detection. Nowadays, in NWP, only clear radiances
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Fig. 7 � Histogram of "fg-departure" for AMSUA, channel 4 and 5, over sea ice (K)

Fig. 8 � Histogram of "fg-departure" for AMSUB, channel 2 and 5, over sea ice (K)

are assimilated. In the cold regions, the radiative impact of a cloud is di�erent. A cloud
can be seen warmer than the surface and so more di�cult to detect. The method used is
called "cloud detect", developped by McNally and Watts (2003). A pixel can be classi�ed
as "cloudy", based on a cloud test. For one pixel, all channels will be examined and clas-
si�ed. Clear channels above the detected cloud will be kept and assimilated. A previous
study by Dahoui, 2006, has shown that the cloud detection algorithm is not so accurate
for low clouds at these latitudes. Speci�c problems to high latitudes is the detection of
the Polar Stratospheric Cloud (PSC) (McCormick, 1982). Two infrared sensors have been
studied : AIRS (Atmospheric Infrared Sounder) and IASI. In order to compare the cloud
detection by the model for these sensors, satellite data not assimilated in operational,
have been chosen as references. In the case of the AIRS sensor, pro�les along the track
of this sensor have been compared to CloudSat product (Fig. 9a and b). The CloudSat
(Nasa-Colorado State University - Department of Energy) mission, part of the A-Train
constellation, has an on-board millimeter wavelength radar (Stephens et al., 2002). The
product shown here on Fig. 9a is the radar re�ectivity (2B-GEOPROF data product), the
9th january 2008 over Antarctica. Fig. 9b show the Cloud Fraction de�ned by the Cloud
Detect method in ARPEGE, for AIRS track, the same day. 0 means clear pixel and 1 for
cloudy. For one pixel, each channel is plotted. On the both �gures, the abscissa axis give
an information on the time along the track of the satellite. The ordinate axis indicates
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the range (km) for the re�ectivity radar and the maximum of the weight function (hPa)
for AIRS. Orography is also represented by the black curves on plots.

Fig. 9 � Re�ectivity Radar (Z) (dBZ) from CloudSat, on the left side (9a). Cloud Fraction
for AIRS/ARPEGE, on the right side (9b). The dark line on 9b indicates the orography.

The comparison of Fig. 9a and b, shows quite a good agreement between CloudSat
and AIRS/ARPEGE. For example, the good detection of the presence of the cloud near
the time 17.16s for CloudSat and 17.08s, for AIRS.

For the IASI sensor, the cloud fraction (0 : clear ; 1 : cloud) is compared to the
MODIS cloud product (Fig 10a and b). MODIS (MODerate Resolution imaging Spectro-
radiometer), on Aqua, supplies informations about cloud properties (such as cloud particle
phase or cloud top temperature ... ) (Platnick, 2003). Cloud Top Pressure product of
MODIS has been compared to cloud fraction of IASI/ARPEGE for the Channel 242.
Channel 242 has a maximum of weighting fucntion at 286 hPa. This channel brings an
information on the localisation of the high cloud.

Around the Antarctica Peninsula, the comparison of the two �gures shows a good
agreement in the position of the cloud for high clouds. For example, the pixels, loca-
ted on the Antarctica Peninsula, between 60oS and 65oS, where the cloud top pressure
reaches 300hPa (in blue on Fig. 10a) are also seen cloudy (red pixel on Fig. 10b) by
IASI/ARPEGE. Of course, this channel will be classi�ed as clear for all clouds in the
lower layer of the troposphere.
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Fig. 10 � Cloud Top Pressure (hPa) for MODIS, on the left side (10a). CLoud Fraction
for IASI/ARPEGE (10b), on the right side, for the channel 242. For CLoud Fraction, 0 :
clear, 1 : cloudy.

4 Conclusion

These preliminay tests have shown a positive impact, at high latitudes (over sea ice
and land), of the assimilation of the microwave sensors (AMSU-A/B), using the emissivity
dynamical approach, developed by Karbou. In a future work, the assimilation of microwave
data will be performed adjusting thresholds for these areas. Moreover, recent studies on
the emissivity computation, show that using a lambertian or semi-lambertian surface
rather than a specular surface could be interesting.
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For infrared sensors, the "cloud detect" method seems to bring quite good results
over cold areas. This last point indicates that the assimilation of IASI and AIRS, in
the troposphere, over cold land could be possible. Of course, more tests must be done,
to continue the validation of "cloud detect" over cold surfaces. Other methods such as
MMR(Methode Multi-variee du Residu Mininum) (Auligne, 2007) could also be tested.
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