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I — Current COHtGXt at MétéO'France: Wavenumber [crn'l]
| ® Hyper-spectral infra-red sounding instruments, such as the Atmospheric Infra- Cp T B8 10 L 170 BB 190 108 170 [OF 2000 2145 2270 208 230 26
Chenmistry constant profiles (CO,, O,, red Sounder (AIRS), the Infra-red Atmospheric Sounding Interferometer (IASI) Surtace, Clouds
'CH,...) named RCLIM in this study: and the Cross-Track Infra-red Sounder (CrlS), provide 70 % of the data used in
| | the NWP global model ARPEGE (Action de Recherche Petite a Echelle Grande a 280
Bt gt T R Echelle) of Météo-France (IASI-A and IASI-B alone account for 46 %). IASI was
: jointly developed by CNES (Centre National d’Etudes Spatiales) and EUMETSAT
x - (European Organisation for the Exploitation of Meteorological Satellites). Its 260
- ST Slmulated spectrum ranges from 645 to 2760 cm™with a spectral sampling of 0.25 cm™ and
— " Brightness a spectral resolution of 0.5 cm™ leading to a set of 8461 radiances at the top of A
p Radiative Transfer Model = 1omperature the atmosphere. This sounder allows to obtain indirect information on 204
(RTM) RTTOV | temperature and humidity profiles and also on cloud cover, aerosols, 3
———————————————————————————————————————————————————————————————————————————————————————————— 3 RIS atmospheric chemistry compounds such as O,, CO,, CO, CH,, HNO, and N,O
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: \ I ® |n this work, we first consider a channel selection that was performed by IASI channel number

b b [Collard, 2007] for NWP purposes. Channells were .mamly chosen In the. CO2 Figure 2. IASI spectrum up to 123 channels assimilated in operation +
0D 4 long wave (LW) band (for temperature retrievals), in the atmospheric window 15 ozone-sensitive channels among the 314 channels monitored at
- Jbserved - - - - - Météo-France.

Brightness region and in the water vapour (WV) band. This selection of 300 channels also

Temperature included 15 ozone-sensitive channels. CNES added 14 other channels for a) « b) = C) o

monitoring purposes. This subset of 314 channels is routinely monitored at R [ o) Sl 151 VS R a Rl e iofl e ol G SR R a5/

b ez - . .
T, Méteo-France and up to 123 channels are assimilated in operation (99 | it N . % ] | =
T v temperature channels in the LW CO2 band, 4 window channels and 20 WV g e = AN ik B o)t |

esiiaton (4Dvan. o 4ate channels) [see Fig 2].
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Observations (y) with 10 % from in- ® The objective of the present study is to improve thermodynamic and chemistry ¢ Ik
situ data and 90 % from satellite data: ~ retrievals from IASI data using realistic ozone information, adding 15 IASI ozone-
| ‘ sensitive channels available at Météo-france [see Fig 2 and 3] and adding ozone
| | | -1 in the control variable. We carried out experiments in a One Dimensional
== w#  Variational data assimilation (1D-Var). The realism of two different ozone
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information is assesed, viz a climatology from RTTOV model (Radiative Transfer e TR R B R Sl e
for TOVS) hereafter referenced as RCLIM and an ozone field, provided by the i B i
French Chemistry Transport Model (CTM) MOCAGE (Modéle de Chimie Figure 3. Jacobians of ozone (a), temperature (b) and humidity (c) for 15 IASI

2 ozone-sensitive channels range from 1014.5 to 1062.5 cm™.

| Atmosphérique a Grande Echelle) hereafter referenced as MOCG60L [see Fig 4].
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Figure 1. Simplified cheme of Numerical Weather Prediction system at Météo-France. pressure (20 hPa) for MOCE0L on 2014-08-08 at 12 UTC.
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® Two experiments carried out on a one year period from 8 e 0 e e e SRS ¥ ® One 1D-Var assimilation experiment, , with channels | channels
April 2014 to March 2015 with 161 IASI clear-sky pixels on I e N e ' 123 1ASI channels using the background (x"), RCLIM or
the see collocated with 161 radiosoundings (T, g and O,) M S T i N - i = | observaton (y) data and background-error 123 MOCEOL ARPEGE
among 3 latitude bands (Poles, Mid latitudes and tropics) e G e e B £ covariance matrix B was carried out following the RCLIV or
[see fig 5]. e IV Do operational Météo France 4D-Var assimilation REF+O3CHAN 123 15 MOCHO0L. ARPEGE
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® The sensitivity of brightness temperature simulations to Iz I e Iy 1. | covarniance matrix R. Indeed, we have calculated a 123 15 MOCH0L. ARPEGE
both RCLIM and MOCG60L ozone fields is assessed. . il *#- | diagnosed R matrix using [Desroziers et al., 2005]
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Ir:eiglrJerZ%ntS the First Guess Departure, are displayed in l series of 1D-Var (a sketch of this implementation is //
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® The prime aim of this study was to add information on atmospheric composition for the assimilation of
. 4 ~ ] radiances from the IASI infrared sounder in the global NWP model ARPEGE (which uses some gases that do

. not vary neither in time nor in space in operations). This study has shown that using a realistic ozone
. information from CTM into RTM allows to better simulate IASI radiances and thus to diagnose more optimal
observation errors o~ compared to those used operationally.

® Both the impacts of adding ozone-sensitive channels and including the
ozone concentration in the control variable of the 1D-Var are evaluated. Figure
8 shows the relative improvement brought by REF+O3CHAN and

(O3VAR = ozone retrieved in addition to temperature
and humidity) compared to for temperature with respect to pressure up to
10 hPa and humidity with respect to pressure up to 100 hPa using ozone
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® More precisely, we wanted to improve thermodynamics retrievals and forecasts by the addition of ozone
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information from MOCG60L or RCLIM. These statistics have been calculated for Relatve improvement o empese 0, Tom MOCEOL) (3] Relaive improvement o lative humidy (0, fom MOCE0L) (5 sensitive channels. At present, Météo-France 4D-Var (Four dimensional variational data assimilation)

the 161 profiles and for the same period as previously. Negative values mean o T TN T« d)Ce T T q/ @ assimilation system uses only 123 IASI channels out of 314 possible. We have investigated within a simplified

that retrievals from REF+O3CHAN or are worse than — ) - - . framework such as the one dimensional variational data assimilation. Indeed, 1D-Var is a common method
(-). Conversely, positive values mean that retrievals from REF+O3CHAN I L ] | used in research because of its low computing cost.

or are better than (+). | | It is already interesting to use diagnosed observation errors within a diagonal observation-error covariance
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matrix. The use of a more optimal observation-error covariance matrix calculated from the Desroziers method
shows an additional improvement of thermodynamic retrievals with 123 operational channels. The addition of

Pressure (log scale) [hPa]
Pressure (log scale) [hPa]

® Almost the same results are observed with RCLIM ozone information (Figure

\;1

8.c) for retrievals from REF+O3CHAN except in the lower troposphere. A : | *1-_\» 15 ozone gen5|tlve channels prowg:le§ information on the lower troposphere and the stratosphere previously
: : . . : = e - uncovered in temperature and humidity.

relative improvement for humidity from REF+O3CHAN retrievals using T a a a T E T L S e e e

MOCG0L ozone information compared to s observed. Results in Figure el mpravement fortemperatie (Dﬁmmj‘:f”ﬁmrr Relf:;‘;:‘r’mm“"1””"‘“”’“id“”':’?ﬂ“’mRCm[%] ® The impact of the 15 additional ozone-sensitive channels varies with the ozone information. AVGQ values in

8.b show improvements and degradations. A large degradation of retrievals REF+0O3CHAN using MOC60L are improved, less so for AVGT ones, but it is the reverse for REF+O3CHAN

from REF+O3CHAN compared to around 200 and 300 hPa with RCLIM  Figure 8. Relative improvement between REF+O3CHAN (black lines) and using RCLIM. As temperature and humidity are affected when ozone is absent from the control variable, its

ozone information is noticed in Figure 8.d. These results for REF+Q3CHAN 10 hPa e (tutr_quoljse "ﬁg)cfzxopf][im?nts Withtrespect todp;eSS_lérfte ugti_l addition the experiment improved both AVGT and AVGQ . The ozone changes during

experiments compared to show that adding ozone-sensitive channels  ,n4'\uith ozone information from RGLIM for temperature (c) an {2 an dity (d). ity (b) the assimilation process allow to correct the error of ozone fields and avoid aliasing ozone error information on

leads to gain information on atmospheric levels which are not probed by temperature or humidity. Retrievals improve by about 2.5 % for temperature and 6 % for humidity compared to

operational channels. But, we note that improvement induced by the 15 IASI : : . background. In addition, we note a improvement by about 0.6 % for ozone using a prior ozone information from
P D y ® To summarize the results of the main experiments, Table 1 MOCG60L and 0.2 % using ozone from RCLIM compared to background. Using observation errors from

ozone-sensitive channels may also need realistic ozone information such as  ¢hows the percentage of the averaged error reduction

MOCG60L from CTM MOCAGE because a non-realistic ozone field such as weighted by the number of profiles for temperature AVG

RCLIM, can aliase into error on temperature or humidity retrievals. humidity AVG_ and AVG... - T
Q 03 °

simulations combined with the Desroziers’ diagnostic method, plus the addition of ozone-sensitive channels
and ozone in the control vector lead to improved thermodynamic retrievals.

An article about this study has been submitted to Journal of Geophysical Research Atmosphere.

® [n experiment, ozone was added to the control
variable using the new background error covariance matrix. A positive impact of O, from MOC60L RCLIM ® |t may be more efficient to identify other sensitive channels from the 8461 available channels and this paves
compared to REF+O3CHAN for temperature and the way to similar studies with future sensors such as IASI-NG, [Crevoisier et al., 2014] which will have 16921
humidity is noticed. Indeed, having ozone in the control variable allows to gain [%] AVG, | AVG, | AVG,, | AVG; | AVG, | AVG, channels. Furthers studies should include CO,, CH, , N,O and many more.
more potential of information from 15 IASI ozone-sensitive channels. There is | 3 3 |
no significant improvement using ozone either in MOCG0L or RCLIM. Whatever ® Furthermore, we started to assess the impact of additional ozone-sensitive channels using ozone
the ozone a priori information, ozone in the control variable allows to minimize P51 | -5iIs% P2A8% | 507 information from MOCAGE and add the ozone in the ARPEGE 4D-Var control variable. The same approach as
ozone sensitive channels thro,ughout the assimilation process. Ozone-sensitive in the 1D-Var experiment is used. The first step of results are very promising and will be the subject of an
. . i : -237% | -567% -2,83 % - 4,48 % upcomina article.
channels are more efficient when ozone is added to the control variable for | REF+O3CHAN | (""5%, ) | (70,52 %) (10359%) | (1059 %) D 2
ImprOVIng the thermOdynamIC retrlevals Bg:ﬁarr(cai,n/:e(g(:m?), Selection of iasi channels for use in numerical weather prediction, Quarterly Journal of the Royal
-2,63% -6,22% -2,82% -6,07 % I-\Agtri?/:)ci)lsci)gricaCl SECig[I)érg)ziéB\zlg)él%Zj'?'gll'hul in, R. Armante, B. Barret, C. Camy-Peyret, J.-P. Chaboureau, P.-F [ﬂ ‘ I.
(10,12%) [ (11,07 %) (10,34 %) (71,00 %) Coheur, L. C,:rA-(,Qpéap, et al. (’2(514), Towa’urd.s iasi-%e\’/v g.eneration’(ia-si-ng): i,mp-act of¥mpr¥>ve£j épéctral resolutio,n énd | Cnrs

radiometric noise 615 on the retrieval of thermodynamic, chemistry and climate variables, Atmospheric Measurement METEO
Techniques, 7 , 4367—4385.
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