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1 Introduction

The European Global and regional Earth-system (Atmosphdomitoring using Satellite and in-situ data
(GEMS) project (Hollingswortlet al, 2008) has built a system that is capable of assimilatingpuarsources

of satellite and in-situ observations to monitor the atnhmesjgc concentrations of greenhouse gases, reactive
gases, and aerosol. The new system is an extension of cdatnassimilation and forecast capabilities for
numerical weather prediction (NWP) that are in place at ECMMWupled to a full chemistry transport model
(CTM). It can be used to monitor the composition of the atrhese, infer estimates of surface fluxes, and
produce global, short-range and medium-range air-chgnfistecasts, combining remotely sensed and in-situ
data with state-of-the-art modelling. Deliverables imdisynoptic analyses and forecasts of three-dimensional
global distributions of key atmospheric trace constiteéntluding greenhouse gases (£nd CH,), reactive
gases (@ NOy, SO, CO, and HCHO), and aerosols (dust, sea salt, organic mhtéek carbon, sulphate
and stratospheric aerosol). The global assimilationéfast system also provides initial and boundary condi-
tions for the regional air-quality (‘chemical weather’yéoast systems, which are run in ensemble mode on a
common European domain to provide an uncertainty rangeéhegwith the most likely forecast. The global
system has been used to run a reanalysis for the period 208 -ahd is currently also running in near-real-
time (NRT) mode. On 1 June 2009 the GEMS project will be camdhin the Monitoring of Atmospheric
Compoasition and Climate (MACC) project, funded by the E@ap Commission’s Framework 7 program.

In this paper, we describe the first efforts to assimilatellfdsliances and retrieval products in the GEMS
system. This is very much work-in-progress, but first resait already encouraging.

2 |AS COretrievals

A near-real-time analysis suite for aerosol and globaltieagases has been running daily at ECMWF since
July 2008 as part of GEMS pre-operational near-real-timBTNproduction stream. Retrieval products of
atmospheric composition received within a 24-h time windaw be assimilated in the NRT analysis. MODIS
aerosol optical depth retrievals and total column ozoneéywxts from OMI and SBUV have been assimilated
since the start of the NRT-analysis, and their assimilafiopvides satisfactory results. IASI CO retrievals
became available in NRT in February 2009 from LATMOS/CNRBBUC Clerbauxet al, 2009). Because
CO retrievals from the MOPITT instrument were already sefidly assimilated in the GEMS reanalysis,
we compared the CO retrievals from the two instruments assadireck. Figurel shows mean column
CO concentrations in 18 molecules/crh for the period 27 August to 31 August 2008 retrieved from IASI
and MOPITT. Although there are some differences betweemsgieuments, the CO fields show very similar
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Figure 1: Four-day mean CO column concentrations for IASd MOPITT.

patterns with similar amplitudes. The IASI CO retrievalggvthen assimilated in NRT with favourable results
after some spin-up in which the model is slightly drawn to ¢fiservations. Figur2 shows histograms of
the observation-model differences of the IASI CO assinoitabefore (left) and after (right) assimilation for
the northern hemisphere (top), tropics (middle), and smathemisphere (bottom). It can be clearly seen that
the bias between the observations and the model is very smadlthat by assimilating the data we reduce
the standard deviatiuon of the observation-model diffegsnindicating a correction of the model towards
the observations. In the near future, we expect to recedVi@PITT CO retrievals in NRT allowing us to
assimilate the data from both instruments. However, thilsraduire some bias corection to resolve the small
systematic difference between the CO retrievals from bwtruments.

3 |AS radiance assimilation

3.1 Radianceassimilation vs. retrieval assimilation

In operational NWP radiance assimilation has been the pesfenethod for satellite data assimilation for more
than a decade now. This was feasible, because most megicadlimstruments observe in the thermal infrared
and microwave parts of the spectrum for which we have acedest radiative transfer models. Within the
GEMS and MACC projects we currently rely more on retrievaiestly because these retrievals are based on
satellite observations in the ultraviolet, visible, an@mrmfared parts of the spectrum. In these spectral parts,
(multiple) scattering forms an important part of the ragi@transfer modeling, which is only recently being
dealt with in fast radiative transfer models. Theoreticdhere is no difference between the two approaches as
long as all the relevant information is being fed to the dakdmailation system. For instance, if we denote the
retrieved constituent profile byand assuming the retrieved solution was in the linear regierand the prior
profiel x5, we can use the following observation operator in the asiioin:

H(X) = Xa+ A(X—Xa) (@H)

with the averaging kerné\l described by A
A =SKTs, K 2)

amd the full retrieval error covariance matfbdescribed by
S=(KTs'K+s.H)™ 3
The retrieved profile, and therefore also its error covagamatrix and the averaging kernel, should be on the

same (or more) levels as the data assimilation model. Bedhisis a lot of data to be transferred, simpli-
fications are often made. However, these simplificationsatavithout loss of information. For instance, a
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Figure 2: Histograms of the observation-model differenctthe IASI CO assimilation before (left) and
after (right) assimilation.

retrieved column amount can be provided using a simple liatiegn operatog’:

2=g'% 4
0f=9g'Sy (5)
a'=g'A (6)

However, the crucial information containedSp K, andS; is partly lost. Therefore, in the end one has to chose
the most pragmatic solution for the problem at hand. Is isjiibs to process the complete retrieval information
or in the other extreme the full line-by-line radiative tséer or does one have to make approximations by using
simpler retrieval products (with loss of relevant inforina) or approximate radiative transfer models (with
loss of accuracy). In the case of IASI we anticipate to us@raate assimilation for all products, although
we started with the assimilation of simpel retrieval pragdues shown in the previous section. In the next two
sections, we will therefore look at the assimilation of 1A&dtliances.

3.2 Biascorrection

An important part of radiance assimilation is the bias adiom. The assimilation system assumes un-biased
gaussian distributed first-guess departures (differeet@den observation and model simulation) and there-
fore observations need to be corrected for these systedifitcences. Biases can be caused by the observa-
tions themselves, the radiative transfer model, and thedagon model itself. The general idea is to identify
the cause of the bias as much as possible and then use aesbitabkorrection model to correct for the bias.
In its simplest form this can be a global mean fixed offsetiegpdlirectly to the observed brightness temper-
atures. A more advanced bias model is used in the operatidW& assimialtion system, which describes the
bias as a function of air-mass dependent variables. ForAtBemethane sensitive channels we also observe
a strong air-mass dependent bias, as shown in Fgurowever, instead of fitting this bias with an air-mass

ECMWF/EUMETSAT NWP-SAF Workshop on the assimilation of IAS NWP , 6 - 8 May 2009 125



ENGELEN, R.: ASSIMILATION OF IASI IN GEMS/MACC ...

ted FGdepar (IASI Ch 2642)
e |

Figure 3: Uncorrected mean first-guess departures, biasamion, and corrected mean first-guess departures.

dependent model we assumed that most of the bias is comimgeinors in the spectroscopy. In the thermal
infrared, these sepctroscopic errors translate into brags temperatures as a function of temperature, which
explains the air-mass dependent signal in Fidurdherefore, the bias correction model we use is a simple
global mean correction factoy) for the total optical depth of each channel as was propoged/dits and
McNally (2008) :

0
7 (p) = exg—y /p k(p)p(p)dp )

Figure shows the brightness temperature pattern that wessaged to fit the mean first-guess departures. The
resulting value ofy was 1.06, which implies a 6% error in the absorption coeffici@he resulting first-guess
departures are shown in Figuse

3.3 COjresaults

Radiance observations from the Atmospheric Infrared Seu(dRS) (Aumanret al, 2003) have been used
in a CO2 reanalysis covering the period 2003 - 2007 (Engeta., 2009). Monthly mean results for four
different months are presented in Figdrehowing both the seasonal variability and the annual tr&eiarly
visible are biomass-burning signals over Africa as welhasstrong uptake of C{over Siberia in the summer.
Assessing the quality of a complex system like a 4DVar isoalit As a first check on the performance of
the AIRS CQ data assimilation, we made a comparison against aircratrgtions from the NOAA/ESRL
network (Tans, 1996) [see also http://www.esrl.noaagyod/ccgg/aircraft.ntml]. The profiles usually observe
the atmosphere between the surface and about 8 km altitudeh i more appropriate to assess the impact
of AIRS on the CQ fields than the surface flasks. For every measured flight erifithe period January
2003 till December 2004 we have extracted profiles from aronsitained C@ model run and the AIRS
reanalysis. Time series were then created at 1000 m ingsefwakach station. For each time series the mean
difference (bias) between the unconstrained model siounlaind the observations and between the reanalysis
and the observations was calculated as well as the standaiatidn of the differences. Figufeshows for
three altitudes (1000 m, 4000 m, and 7000 m) these bias andasthdeviation values for all stations with
sufficient data. The figure shows there is no significant ceatd 000 m (bottom) between the unconstrained
model and the AIRS reanalysis, both in bias and standardtiewi This is not surprising, because the AIRS
sensitivity to CQ is very low at this level. Therefore, any information frone tbbservations can only change
CO;, concentrations at this level through the transport or thinatine information spreading of the background
covariance matrix. The latter is most likely not optimal amitl therefore spread the information incorrectly.
At 4000 m there is already a significant improvement in biathleé using the AIRS data and at 7000 m this
improvement is very clear.

We expect to obtain very similar results from assimilatiA&l radiances in the C£absorption band. At least,
the AIRS and IASI observations are very consistent as istitied in Figures. The figure shows the time
monitoring of first-guess statistics for two (almost) ideak CO, sensitive channels of AIRS and IASI. The
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Figure 4: Monthly mean column-averaged £@ixing ratios for January 2003, July 2003, January 2007,
and July 2007.

systematic errors for this particular wavelength are atridentical and the standard deviation is smaller for
IASI, which reflects the superior noise characteristicsA@llin the long-wave C@absorption band.
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Figure 5: Bias (left) and standard deviation of the diffecer{right) of the unconstrained model run (blue)
and the AIRS reanalysis (red) relative to independent flagasiervations from the NOAA/ESRL network.
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Figure 6: Time evolution of the first-guess statistics feftjl AIRS channel 210 and IASI channel 258 (14.1
pm) and (right) AIRS channel 173 and IASI channel 217 (1418.
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