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1. Introduction

Data impact studies are presented for the French global model ARPEGE. The resolution of the model is T538 in
spectral triangular truncation. It has a stretched coordinate with a stretching factor of 2.4, the maximum
resolution becoming 2.4 times better over the pole of interest (Western Europe), and 2.4 times worse at the
antipodes (South Pacific area). The maximum resolution is 15km at best over Western Europe. In the vertical,
the model has 60 levels in hybrid coordinate, from the surface to 0.1hPa. The analysis is a four-dimensional
variational analysis, with two minimisation loops at T107 and T224 (unstretched). The code is developed in
collaboration with ECMWF. The analysis uses all types of observations: conventional observations, satellite
winds, satellite radiances and GPS data (both ground-based and radio-occultation). These observations are also
used in the limited-area model ALADIN, coupled with ARPEGE, together with extra observations as described
in Fischer (same volume). In the past few years, several data impact studies were performed. In particular, we
started assimilating Atmospheric Motion vectors (AMV) in BUFR format, using the Quality Indicator (QI) to
choose the most accurate data; MODIS polar winds from the Aqua and Terra satellites; SSM/I radiances from
F13 and 14; AIRS radiances (54 channels currently); Ground-based GPS data over Europe (in the context of the
E-GVAP programme); scatterometer winds from QuikSCAT, ERS and ASCAT; ATOVS from MetOp; MSG
Clear-Sky Radiances (CSR); GPS radio-occultation data from COSMIC, CHAMP and GRACE-A; TASI
radiances (50 channels). Impact studies also dealt with improvement in our assimilation of data: increase in the
AIREP density , Variational Bias Correction (VarBC) for radiances, new emissivity parametrisation over land
for micro-wave data. A few of these improvements are presented in this paper, namely the assimilation of GPS
radio-occultation, of IASI radiances, the impact of Variational Bias Correction for radiances and of an emissivity
parametrisation for micro-wave radiances over land. The impact of data over specific areas is also investigated,
usually linked with field experiments. We describe first results obtained over Africa in the context of AMMA
and give information in the preparation for a future field experiment over Antarctica (Concordiasi).

2. Assimilation of GPS — Radio Occultationdata and of IASI radiances

The operational assimilation of GPS - Radio Occultation data took place in September 2007. The assimilated
data are bending angles (using the 1D observation operator and its tangent-linear and adjoint versions from
GRAS-SAF). CHAMP and GRACE-A data are received from GFZ via GTS and FORMOSAT-3/COSMIC 1—
6, data from UCAR via GTS. We use both rising and setting occultations, up to 25 km altitude, down to altitudes
ranging from 6 km (in the tropics) to 1 km (over the poles). The vertical thinning is 1 datum per model vertical
layer. An elaborate quality control was introduced in order to select the most relevant data; bending angle data
are retained only if the corresponding refractivity (N) meets the following criteria

—0.01 km -1 > dN/dz

—dN/dz at all levels above > -50 km-1

—| d2N/dz2 | at all levels above < 100 km-2
—Occultations extend down to 10 km altitude or below.

This data selection algorithm was devised to avoid radio propagation problems, independently from background
check. More details can be found in Poli et al, 2008. The impact on the forecast is shown in Figure 1,
representing scores with respect to analyses over a 21-day period from 6 to 30 September 2007. One can see a
global significant positive impact for all parameters (wind not shown), with a maximum impact around 100hPa.
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Figure 1: Score differences between forecasts from analyses having used GPS-RO data and forecasts from
analyses without GPS-RO data. Root-mean-square errors (RMSE) are computed with respect to analyses over a
21day period from 6 to 30 September 2007. The score differences are for geopotential height (left panels) and
temperature (right panels). The contour spacing is 0.5m for the geopotential and 0.025 K for the temperature.
The vertical coordinate is the level in hPa, and the horizontal coordinate is the forecast range, from 0 to 102
hours. The top panels are scores over the Northern Hemisphere, the middle panels over the Tropics and the lower
panels over the Southern Hemisphere. The blue (respectively red) colour indicates that GPS-RO data have

improved (resp. degraded) the forecasts.




Another important addition to our operational system has been the assimilation of IASI radiances (operational
Ist July 2008). The general features are given below. Level 1C radiances are received via EumetCast in
Toulouse (whole BUFR including 8461 channels). A subset of 314 channels is monitored (commonly chosen
with other NWP centres). 50 channels are actively assimilated, only over sea (sensing temperature in the 15
micron band, peaking between 100 hPa and 620 hPa). Radiances are bias corrected using a Variational Bias
Correction (see next section) and the cloud detection is based on a channel ranking method (McNally & Watts,
2003). Pre-operational tests showed a positive impact (esp. in the Southern Hemisphere), both in winter (see
Figure 2) and in summer.
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Figure 2: Zonally averaged score differences between 72-hour forecasts from analyses having used IASI data
and forecasts from analyses without IASI data. Scores were computed with respect to analyses over a 21day
period from 6 to 30 September 2007. The score differences are for geopotential. The vertical coordinate is the
level in hPa, and the horizontal coordinate is latitude from 90N to 90S. The blue (respectively red) colours
indicates that IASI data have improved (resp. degraded) the forecasts.



3. Variational Bias Correction and emissivity parametrisation

Although a lot of work is dedicated to the assimilation of new types of data, the optimisation of the use of
currently assimilated observations is also highly beneficial to the assimilation. Two examples are presented in
this section. The first one illustrates the impact of an alternative bias correction. It is well known that satellite
radiance data have systematic biases that can depend on the scan angle (geometry) and on the flow. They can be
explained by predictors such as the scan angle, thicknesses of some layers of the atmosphere, skin temperature,
etc., by a multiple linear regression (Harris and Kelly, 2001). Commonly, the coefficients of this regression are
computed off-line, on a relatively long period (a few weeks) before being applied. They are not updated on a
regular basis, although this is necessary in certain occasions, such as the introduction of new instruments,
whenever some channels are drifting, or when calibration is changed at the producer level for instance. In the
Variational Bias Correction (VarBC) scheme, coefficients of the regression are dynamically adapted at each
analysis time. They are included in the control variable of the assimilation, and they use other "conventional”
data (such as radiosondes or aircraft data) as a constraint to adjust these coefficients for satellite radiances
(Auligné et al, 2007). The impact over a 43-day period of July-August 2007 is presented in Figure 3. It shows
the impact of VarBC for AMSU-A/B, MHS, SSM/I, HIRS & AIRS, versus a static bias correction. The results
are strikingly positive. The VarBC scheme was introduced in operations at Météo-France in February 2008.
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Figure 3: Scores illustrating the impact of VarBC for AMSU-A/B, MHS, SSM/I, HIRS & AIRS, versus a static
bias correction over a 43-day period of July-August 2007. Differences in RMSE wrt radiosonde for geopotential
height. The contour spacing is 1 m. The vertical coordinate is the level in hPa, and the horizontal coordinate is
the forecast range, from 0 to 96 hours. The top panels are scores over the Northern Hemisphere, the middle
panels over the Tropics and the lower panels over the Southern Hemisphere. The blue (respectively red) colour
indicates that VarBC has improved (resp. degraded) the forecasts.



The second optimisation performed operationally has been the use of an emissivity parametrisation over land
for AMSU microwave observations. Satellite microwave measurements have large atmospheric and surface
information contents and are known to be very useful for Numerical Weather Prediction. However these
observations are still not fully used over land because of non negligible uncertainties about land emissivity and
surface temperature. Recent developments have been carried out at Météo-France in order to propose new
methods for land emissivity and surface temperature modelling anchored on satellite microwave observations.
The methods, fully described in Karbou et al. (2006), have been interfaced with the RTTOV model. (1) The first
method is based on the use of averaged emissivity estimates calculated within the assimilation system two weeks
prior to the assimilation period; (2) the second one uses a dynamically varying emissivities derived at each pixel
using one surface channel or a selection of surface channels, and (3) finally the third method combines the two
previous ones since it uses averaged emissivities and dynamically estimated skin temperature at each pixel using
observations from one surface channel. The relevance of the use of the new methods to assimilate microwave
observations over land has been investigated using AMSU-A, AMSU-B and SSM/I observations. The
performances of the three methods have been studied in terms of (a) observation departures from first guess and
from the analysis and also in terms of analysis and forecast impacts. So far periods of test have been chosen
around the August-September 2005 and 2006 AMMA periods (African Monsoon Multidisplinary Analyses,
Redelsperger et al., 2006). The results show that an important amount of data is assimilated when the land
surface emissivity and/or the surface temperature is updated. Even sounding channels that receive a lesser
contribution from the surface take advantage of this modification (see Figure 4). A preliminary version of these
developments was implemented operationally 1% July 2008. It consists in using a dynamically-estimated
emissivity for AMSU-A and B over land, without assimilating extra sounding channels. In addition, the
assimilation of surface sensitive channels over land with improved land surface characteristics modelling appears
to have a strong impact on the hydrological cycle both in analysis/first guess and short to medium range forecast
and is globally beneficial to our analysis and forecast system. Preliminary results from a assimilation
experiments using low-peaking channels over land are quite promising.

4. Field experiments: AMMA and Concordiasi

Field experiments provide a framework in which to investigate more thoroughly various aspects of data impact.
In particular, Météo-France is involved in evaluating the impact of the radiosonde network set-up for the
AMMA experiment which took place in 2006 (Parker et al., 2008). Some radiosonde data were available in real
time on the GTS, and were used operationally. Others were only collected at a later time. A data impact study
compares the assimilation of RS data received operationally to the assimilation of all available RS data (received
later, or even replacing some which were received operationally by higher resolution profiles received at a later
date). This study was made possible thanks to the AMMA database and the pre-processing of the data performed
at ECMWEF. The control experiment also uses more microwave data over land thanks to the recent developments
on microwave emissivity (see previous section). This first data impact study was set-up without any special bias
correction, whereas we know that this is an important issue. Another data impact study was then performed
using a radiosonde bias correction developed at ECMWEF. Figure 5 shows the forecast improvement with respect
to Synop when using more RS data and when using an appropriate bias correction. The short-range forecasts are
improved for most parameters (here, mean sea-level pressure and relative humidity). An improvement to the
background fit of high-level peaking channels (AMSU-A 10 to 13) was also noticed.
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Figure 4: Density of assimilated observations (number of assimilated observations over a 2°x2° grid ) from
AMSU-A channel 7 and over August 2006. Results are given for (a) the control and for (b) an experiment that
uses dynamically varying emissivities derived at AMSU-A channel 3.
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Figure 5: Errors in 24h range forecast for mean sea-level pressure (top panel) and relative humidity (bottom
panel) over Northern Africa (latitudes greater than 0°) with respect to SYNOP stations from 15 July 2006 to 15
August 2006. The black lines correspond to the forecasts using GTS data only, the green lines the forecasts using
all available AMMA RS data without bias correction and the red lines the forecasts using all available AMMA
RS data with bias correction. Standard deviations are shown by dashed lines, and biases by solid lines.

Another field experiment of interest is Concordiasi. It is an international project, currently 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 scientific expertise. Concordiasi is part of the THORPEX-IPY cluster within the
International Polar Year effort (http://www.cnrm.meteo.fr/concordiasi/, Rabier et al., 2007). One of the main
goals of this experiment is to improve the polar assimilation of TASI radiances. IASI is an advanced infrared
sounder on board the European Polar orbiting satellite MetOp. From September 2008, additional conventional
observations will be operated over Antarctica such as radiosoundings at the Concordia and Dumont d’Urville
stations. Moreover, 600 dropsoundings will be dropped by twelve stratospheric pressurised balloons (SPB) in
2009. These SPBs will be deployed from McMurdo station during two months similarly to the VORCORE
campaign (Hertzog et al 2007). Figure 6 shows the trajectory of one balloon during VORCORE. During the
experiment, both flight-level data (pressure, winds and temperature at 60hPa) and dropsonde data will be made
available in real-time.

A daily trial will decide the deployments of sondes. Each dropsonde launch will be predicted as a function
of IASI’s swath, and/or the predicted meteorological sensitive area valid for that day. Figure 6 also shows an
example of the track of IASI over Antarctica the 7" October 2007. As a preliminary work, the meteorological
French model ARPEGE has been changed in order to have a better accuracy over the south polar area. As
already explained, it is a spectral model with a variable resolution on a stretched grid. The centre of this model
has been moved southward to the Dome C station (75,12S; 123,37 E). The current resolution is then maximum
over Antarctica. An impact of this modification has been tested by estimating the difference of the observations



http://www.cnrm.meteo.fr/concordiasi/

and the guess of the model over fifteen days of simulation. A positive impact has been noted for the temperature
and zonal wind profiles when compared with radiosounding observations. Present and future work focuses on
the polar assimilation of the infrared and micro-wave sensors using an improved emissivity parametrisation for
snow-covered areas.
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Figure 6: Left panel: Trajectory of the 17" balloon during VORCORE from September to December 2005. The
colour shows the trajectory for one day. Right panel: Track of IASI the 7th October 2007. The colour gives the

hour of the passage .



905-605 60S-205 205-20N
500 1200 7 1200
400 - 1000 - 1000 -
. 800 - 800 -
'E 300 | ]
in : 60O Eﬂﬂ—
? 200 ]
& g 400 - 400-
100 § Il 200 - I znu—
0 __. ol M_ 0L
500 2000 4000 °
400 15aui 3000—
3 300 '-
5 1l]l]l] - 2[“]!] =
i 2nu :
[=]
mu I EUD—: II I Imuu— II
0l _ ]
800 | mnuu 10000
600 8000 - auuu_-
B |
E‘ anuu 6000 -
400 - ]
" 4nnu 4000
£ ]
200 - I I 2000 -
I 0 lll Moo ll
SURFACE AIRCRAFT RADIOS. & PROF. SATWIND

20N-60N
Ill

l ol llll u_‘l

BRIGHT.TEMP.

2500 -
iﬂﬂﬂ

1 EBD
1 BHD

EHD

I I:I__

G000 |

4ﬂﬂﬂ 1

IUUU 1

10000
EBBD

EBBD
4HBD

EHHD
Il

450 1

ZUU 1 I
0

600 |

400 -

200 -

2000 -

1500 1

1l]l]l] 1

60N-90N

500
[ Ind Il IIII

HS.IR

GPSRO

Figure 7: The numbers of degrees of freedom for signal (DFS) in the Météo-France 4DVAR analysis, as a
function of observation data-type for five zonal regions and for three altitude bands (below 9 km altitude,
between 9-16 km altitude, and above 16 km altitude). Note the different scales. Surface data from SYNOP,
SHIP, Buoys and GPS Zenith total delays are in green, AIRCRAFT data are in orange, radiosonde and profiler
data are in red, satellite winds from geostationary satellites, scatterometers and polar MODIS winds are in
purple, radiance brightness temperatures from ATOVS, SSM/I and SEVIRI instruments are in light blue, those
from hyperspectral instruments AIRS and IASI are in dark blue, GPS radio-occultation data are in grey.




5. Current data impact in the system

In summary, operational data impact studies at the global scale at Météo-France have shown a positive impact of
GPS-RO and IASI data. It also illustrated a large impact of radiance Variational Bias Correction and an
encouraging impact of using microwave radiances over land with an improved emissivity parametrisation. All
these developments are now operational. Figure 7 shows the weights of the various data-types in constraining the
global analysis in the current model version. The degrees of freedom for signal (DFS) indicate the importance of
each observing system in the various regions. As expected the Northern mid-latitude troposphere is well covered
by conventional observations (radiosondes and aircraft), while the stratospheric analysis relies primarily on
brightness temperatures collected by satellite sounders, with a large impact of hyperspectral sounders in the
upper troposphere and lower stratosphere. Figure 7 also illustrates the importance of GPS radio-occultation
measurements in constraining the analysis in the high southern latitudes where very few other observations with
high vertical resolution are available.

In research mode, the impact of the RS network over Africa is investigated in the AMMA context, and we are
also focusing over satellite data assimilation over the poles in the context of the Concordiasi Field experiment
over Antarctica in 2008-2009.
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